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(57) ABSTRACT

An array substrate for a liquid crystal display device includes
a substrate including a display area and a non-display area,
the non-display area having a link area and a pad area, array
elements in the display area on the substrate, first to nth pads
in the pad area (n is a natural number), first to nth link lines in
the link area and connected to the first to nth pads, respec-
tively, wherein the first to (n/2-1)th link lines are symmetrical
with the nth to (n/2+1)th link lines with respect to (n/2)th link
line, the first to (n/2-1)th link lines have inclined portions,
and the inclined portions of the first to kth link lines have
decreasing widths and decreasing lengths toward the kth link
line from the first link line, wherein k is larger than 1 and
smaller than (n/2).
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ARRAY SUBSTRATE FOR LIQUID CRYSTAL
DISPLAY DEVICE

RELATED APPLICATIONS

[0001] The invention claims the benefit of Korean Patent
Application No. 2007-0141816 filed in Korea on Dec. 31,
2007, which is hereby incorporated by reference for all pur-
poses as if fully set forth herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The invention relates to a liquid crystal display

device, and more particularly, to an array substrate for a liquid
crystal display device.

[0004] 2. Discussion of the Related Art

[0005] In general, among flat panel display (FPD) devices,
liquid crystal display (LCD) devices have been in the spot-
light as the next generation display devices for cellular
phones, personal computer monitors or televisions because of
their superior visibility, low power consumption and low
generation of heat.

[0006] Liquidcrystaldisplay (LCD) devices use the optical
anisotropy and polarization properties of liquid crystal mol-
ecules ofa liquid crystal layer to produce an image. The liquid
crystal molecules have long, thin shapes, and the liquid crys-
tal molecules can be arranged along a certain direction. The
alignment direction of the liquid crystal molecules can be
controlled by varying the intensity of an electric field applied
to the liquid crystal layer. Accordingly, the alignment of the
liquid crystal molecules are changed by the electric field.
Light is transmitted and refracted according to the alignment
of the liquid crystal molecules to display an image.

[0007] A related art liquid crystal display device will be
explained with reference to the accompanying drawings.
[0008] FIG. 1 is a plan view, schematically illustrating an
array substrate for a liquid crystal display (LCD) device
according to the related art.

[0009] In FIG. 1, an array substrate of a related art LCD
device includes a display area AA and a non-display area
NAA. Images are displayed in the display area AA.

[0010] First to mth gate lines GL1 to GLm and first to nth
data lines DL.1 to DLn are formed in the display area AA on
a substrate 10 and are arranged in a matrix form. The first to
mth gate lines GL.1 to GLm and the first to nth data lines DLL1
to DLn cross each other to define pixel regions P. The first to
mth gate lines GL1 to GLm receive scanning signals, and the
first to nth data lines DL1 to DLn receive data signals.
[0011] A thin film transistor T is formed at each crossing
point of the first to mth gate lines GL1 to GLm and the first to
nth data lines DL1 to DLn. A pixel electrode 80 is formed in
each pixel region P and is connected to the thin film transistor
T.

[0012] The first to mth gate lines GL1 to GLm are electri-
cally connected with first to mth gate pads GP1 to GPm
through first to mth gate link lines GLL1 to GLLm, respec-
tively. The first to nth data lines DL1 to DLn are electrically
connected with first to nth data pads DP1 to DPn through first
to nth data link lines DLL1 to DLLn, respectively.

[0013] The first to mth gate pads GP1 to GPm are partially
exposed by first to mth gate pad contact holes (not shown) and
are connected to first to mth gate pad terminals (not shown),
which are formed on the same layer and of the same material
as the pixel electrodes 80, through the first to mth gate pad
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contact holes (not shown), respectively. The first to nth data
pads DP1 to DPn are partially exposed by first to nth data pad
contact holes (not shown) and are connected to first to nth data
pad terminals (not shown), which are formed on the same
layer and of the same material as the pixel electrodes 80,
through the first to nth data pad contact holes (not shown),
respectively.

[0014] The first to mth gate pad terminals (not shown) and
the first to nth data pad terminals (not shown) are connected to
gate and data driving integrated circuits (ICs) (not shown),
which are attached at respective sides of the substrate 10 by a
tape automated bonding (TAB) packaging process. The first
to mth gate pad terminals supply the first to mth gate lines
GL1 to GLm with the scanning signals from the gate driving
integrated circuit. The first to nth data pad terminals provide
the first to nth data lines DL1 to DLn with the data signals
from the data driving integrated circuit.

[0015] FIG. 2 is an enlarged view of a region A of FIG. 1,
and F1G. 3 is an enlarged view of a left half part of the region
A of FIG. 2. FIG. 2 and FIG. 3 illustrate the non-display area
NAA on the substrate 10 including the display area AA of
FIG. 1 and the non-display area NAA, and in particular, a data
pad area PA.

[0016] In FIG. 2 and FIG. 3, the first to nth data pads DP1
to DPn are formed in the data pad area PA. The first to nth data
pads DP1 to DPn are spaced apart from each other with a pad
pitch P1 therebetween. The first to nth data link lines DLL1 to
DLLn are connected to the first to nth data pads DP1 to DPn,
respectively. The first to nth data link lines DLLI to DLLn
provide signals to the first to nth data lines DL1 to DLn of
FIG. 1.

[0017] The first to nth data link lines DLL1 to DLLn
include vertical portions, which are connected to the first to
nth data pads DP1 to DPn, and inclined portions, which aslant
and extend from the vertical portions. The first to nth data link
lines DLL1 to DLLn have the same width W, and link pitches
P2 between adjacent data link lines including the width ofone
of the adjacent data link lines are designed at regular intervals
regardless of the vertical portions and the inclined portions.
Accordingly, link spaces F2 between facing side surfaces of
adjacent data link lines are the differences between the link
pitches P2 and the widths W.

[0018] Inthe above-mentioned structure, the lengths of the
data link lines become longer toward the first data link line
DLL1 from the (1n/2-1)th data link line DLL(n/2-1) and
toward the nth data link line DLLn from the (n/2+1)th data
link line DLL(1/2+1) based on the (1/2)th data link line DLL
(0/2).

[0019] Generally, electrical resistance is proportional to a
length and reciprocal proportional to a cross sectional area.
That is, as a signal line gets longer, the electrical resistance of
the signal line becomes higher because electrons pass through
a longer path. Since the first to nth data link lines DLL1 to
DLLn have the same width W, the resistances of the data link
lines get higher as the data link lines become farther from the
(n/2)th data link line and go to left and right peripheral
regions.

[0020] Recently, research has been conducted to decrease
the number of driver ICs and reduce manufacturing costs.
However, as the size of LC panels increases, the number of the
data link lines increases, and the lengths of the data link lines
in the left and right peripheral regions become much longer.
[0021] Moreover, in LCD devices having high resolution,
while the data link lines increase, the link pitches between
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adjacent data link lines decrease. This causes the data link
lines in the left and right peripheral regions have much higher
electrical resistance than the data link lines in the central
region between the left and right peripheral regions, and there
occur uncharged problems.

BRIEF SUMMARY

[0022] An array substrate for a display device includes a
substrate including a display area and a non-display area, the
non-display area having a link area and a pad area, array
elements in the display area on the substrate, first to nth pads
in the pad area (n is a natural number), first to nth link lines in
the link area and connected the array elements to the first to
nth pads, respectively, wherein the first to (n/2-1)th link lines
have inclined portions, the width of the inclined portion of the
pth link line is wider than the width of the inclined portion of
the qth link line, the length of the inclined portion of the pth
link line is longer than the length of the inclined portion of the
qth link line, the k, p and q are natural numbers, and (n/2-1)
zkzg>p=1.

[0023] Itistobeunderstood 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

[0024] 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.

[0025]

[0026] FIG. 1 is a plan view schematically illustrating an
array substrate for a liquid crystal display device according to
the related art;

[0027] FIG. 2 is an enlarged view of a region A of FIG. 1,

[0028] FIG. 3 is an enlarged view of a left half part of the
region A of FIG. 2;

[0029] FIG. 4 is a plan view schematically illustrating an
array substrate for a liquid crystal display device according to
an exemplary embodiment of the present invention;

[0030]

[0031] FIG. 6 is an enlarged plan view illustrating the link
area of FIG. § in detail;

[0032] FIG.7A is a plan view illustrating design values of
the link area according to the present invention;

[0033] FIG. 7B is a graph illustrating resistances of data
link lines according to the present invention and the related
art;

[0034] FIG. 7C is a graph illustrating ratios of the resis-
tances of the data link lines according to the present invention
over the resistances of the data link lines according to the
related art;

[0035] FIG. 8 isa view explaining a method of designing a
link area according to the present invention;

[0036] FIGS. 9A and 9B are graphs illustrating maximum
resistances of data link lines according to points “a” and “b”;
and

In the drawings:

FIG. 5 is an enlarged view of a region B of FIG. 4;
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[0037] FIG. 10is atableillustrating ratios of the resistances
and efficiencies according to the values of the points “a” and
“b.”

DETAILED DESCRIPTION OF THE DRAWINGS
AND THE PRESENTLY PREFERRED
EMBODIMENTS

[0038] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings.

[0039] Inthe present embodiment of the invention, gate and
data link lines in gate and data link areas have different widths
to obtain a uniform resistance in the link areas.

[0040] FIG. 41s a plan view of schematically illustrating an
array substrate for a liquid crystal display (LCD) device
according to an exemplary embodiment of the present inven-
tion.

[0041] In FIG. 4, an array substrate of an LCD device
according to an embodiment of the present invention includes
a display area AA and a non-display area NAA. Images are
displayed in the display area AA.

[0042] First to mth gate lines GL1 to GLm and first to nth
data lines DL1 to DLn are formed in the display area AA on
asubstrate 110 and are arranged in a matrix form, wherein m
and n are natural numbers. The first to mth gate lines GL.1 to
GLm and the first to nth data lines DL1 to DLn cross each
other to define pixel regions P. The first to mth gate lines GL.1
to GLm receive scanning signals, and the first to nth data lines
DL1 to DLn receive data signals.

[0043] A thin film transistor T is formed at each crossing
point of the first to mth gate lines GL1 to GLm and the first to
nth data lines DL1 to DLn. A pixel electrode 180 is formed in
each pixel region P and is connected to the thin film transistor
T.

[0044] The electrodes and lines in the display area AA may
be referred to as an array element.

[0045] The first to mth gate lines GL1 to GLm are electri-
cally connected with first to mth gate pads GP1 to GPm
through first to mth gate link lines GLL1 to GLLm, respec-
tively. The first to nth data lines DL1 to DLn are electrically
connected with first to nth data pads DP1 to DPn through first
to nth data link lines DLL1 to DLLn, respectively.

[0046] The first to mth gate pads GP1 to GPm are partially
exposed by first to mth gate pad contact holes (not shown) and
are connected to first to mth gate pad terminals (not shown)
through the first to mth gate pad contact holes (not shown),
respectively. The first to nth data pads DP1 to DPn are par-
tially exposed by first to nth data pad contact holes (not
shown) and are connected to first to nth data pad terminals
(not shown) through the first to nth data pad contact holes (not
shown), respectively. The first to mth gate pad terminals and
the first to nth data pad terminals are formed on the same layer
and of the same material as the pixel electrodes 180.

[0047] The first to mth gate pad terminals (not shown) and
the first to nth data pad terminals (not shown) are connected to
gate and data driving integrated circuits (ICs) (not shown),
which are attached at respective sides of the substrate 110 by
atape automated bonding (TAB) packaging process. The first
to mth gate pad terminals supply the first to mth gate lines
GL1 to GLm with the scanning signals from the gate driving
integrated circuit. The first to nth data pad terminals provide
the first to nth data lines DL1 to DLn with the data signals
from the data driving integrated circuit.
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[0048] The first to mth gate link lines GLL1 to GLLm and
the first to nth data link lines DLL1 to DLLn have different
widths. Hereinafter, a more detail explanation will be made
with reference to accompanying drawings.

[0049] FIG. Sis an enlarged view of a region B of FIG. 4.
FIG. 5 shows a left half part of the non-display area corre-
sponding to the data link lines and the data pads of FIG. 4
because the data link lines have a symmetrical structure with
respect to the (1/2)th data link line.

[0050] InFIG. 5, the non-display area NAA on the substrate
110 are divided into a link area LA and a pad area PA. In the
pad area PA on the substrate 110, the first to (n/2)th data pads
DP1 to DP(n/2) are spaced apart from each other with the
same pad pitch P1. The first to (n/2)th data link lines DLL1 to
DLL(n/2) corresponding to the first to (n/2)th data pads DP1
to DP(n/2) are connected to the first to (n/2)th data lines DLL1
to DL(n/2) of FIG. 4, respectively.

[0051] The first data link line DLL1 has a bent portion and
is symmetrical to the nth data link line DLLn of FIG. 4 with
respect to the (n/2)th data link line DLL(n/2), which is
straight without a bent portion. In addition, the second to
(n/2-1)th data link lines DLL2 to DLL(n/2-1) have at least
one bent portion, that is, one or two bent portions. Each of the
first to (w/2-1)th data link lines DLL1 to DLL(n/2-1)
includes an inclined portion. Link pitches P2 between the
inclined portions of adjacent data link lines decrease toward
the (n/2)th data link line DLL(1n/2) from the first datalink line
DLL1. Similarly, although not shown in the figure, the (1/2+
1)th to (n-1)th data link lines DLL(n/2+1) to DLL(n-1) of
FIG. 4 have at least one bent portion, and link pitches between
inclined portions of adjacent data link lines decrease toward
the (/2+1)th data link line DLL(n/2+1) from the nth data link
line DLLn of FIG. 4. Each link pitch may be defined as a
distance from a center of one data link line to a center of a next
data link line. Alternatively, the link pitch may be defined as
a distance from a side of one data link line to a side of a next
data link line across either the one data line or the next data
link line.

[0052] The first data link line DLL1 may have two bent
portions, and several data link lines near the (n/2)th data link
line DLL(n/2) may be straight without a bent portion.
[0053] More particularly, the link pitches P2 in a central
region of the link area LA near by the (n/2)th data link line
DLL(n/2) are smaller than the link pitches of FIG. 2, and the
width ofthe link lines in the central region of the link area LA
near by the (n/2)th data link line DLL(n/2) is equal to the
width of the link line of FIG. 2. Therefore, resistances of the
data link lines increase in the central region of the link area
LA as compared with the related art. In the embodiments of
the present disclosure, even though the data link lines in the
peripheral region get longer, the data link lines in the periph-
eral region can have wider widths due to enough link pitches.
That is, the width of the inclined portion of the pth link line is
wider than the width of the inclined portion of the qth link line
and the length of the inclined portion of the pth link line is
longer than the length of the inclined portion of the qth link
line, wherein the k, p and q are natural numbers and (n/2-1)
zk=g>p=1. In this embodiment. The link pitches P2 in a
peripheral region of the link area LA near by the first data link
DLL1 gradually increase toward the first data link line DLL1
and the width of the link lines in the peripheral region of the
link area LA near by the first data link line DLL1 gradually
increase toward the first data link line DLL1. Therefore, resis-
tances of the data link lines decrease in the peripheral region
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of the link area LA. Accordingly, the resistances may be
uniform in the central region and the peripheral region of the
link area LA.

[0054] In the present invention, even though the data link
lines in the peripheral region get longer, the data link lines in
the peripheral region can have wider widths due to enough
link pitches.

[0055] FIG. 6 is an enlarged plan view of illustrating the
link area of FIG. 5 in detail.

[0056] InFIG. 6, arectangleis defined to surround the first
to (0/2)th data link lines DLL1 to DLL(1/2). The rectangle
includes first, second, third and fourth sides S1, S2, S3 and
S4. Points “a,” “b,” “c” and “d” are determined on the four
sides of the rectangle. The point “a” is disposed on the fourth
side S4 corresponding to the first data link line DLL1. The
point “b” is disposed on the third side S3 corresponding to a
border between the link area LA of F1G. § and the display area
M of FIG. 4. The point “c” is disposed a vertex at which the
second side S2 corresponding to the (10/2)th data link line
DLL(n/2) meets the third side S3. The point “d” is disposed
on the first side S1 corresponding to the first to (n/2)th data
link pads DP1 to DP(n/2).

[0057] Any data link line corresponding to the point “b”
may be defined as a kth data link line DLLk, wherein k is a
natural number larger than 1 and smaller than n/2. A point of
contact “e” can be determined at which the kth data link line
DLLK corresponding to the point “b” contacts a dotted line H
connecting the point “c” and the point “d.” Accordingly, first,
second, third and fourth regions I, I, IIT and IV are defined by
the points “a,” “b,” “c,” “d” and “e.” That is, the first region I
is defined by the third side S3, the fourth side S4 and the
points “a” and “b.” The second region I1is defined by the first
side 81, the fourth side S4, and the points “a,” “b,”“d” and “e.”
The third region I1I is defined by the first side S1, the second
side S2, and the points “c,” “d” and “e.” The fourth region IV
is defined by the third side S3 and the points “b,” “c” and “e””’
[0058] The first to (k-1)th data link lines DLL1 to DLI(k-
1) includes first vertical portions, inclined portions and sec-
ond vertical portions. The first vertical portions extend from
the first to (k-1)th data pads DP1 to DP(k-1) of FIG. 5 along
a vertical direction in the context of the figure. The inclined
portions aslant and extend from the first vertical portions in
parallel with each other. The second vertical portions extend
from the inclined portions and are parallel to the first vertical
portions. As shown in FIG. 6, the first data link line DLL1
may include only the inclined portion and the second vertical
portion without the first vertical portion.

[0059] The point “a” may be a point of contact at which an
edge of the inclined portion of the first data link line DLL1
meets an edge of the second vertical portion of the first data
link line DLL1. A position of the point “a” may be changed
according to the design of the first data link line DLL1 and
will be explained later.

[0060] The first vertical portions of the first to (k—1)th data
link lines DLL1 to DLL(k-1) are disposed in the third region
111, the inclined portions are disposed in the second region 11,
and the second vertical portions are disposed in the first
region 1.

[0061] The second vertical portions of the first to (k-1)th
data link lines DLL1 to DLL(k-1) have decreasing lengths
toward the (k-1)th data link line DLL(k-1) from the first data
link line DLL1, and widths of the second vertical portions of
the first to (k-1)th data link lines DLL1 to DLL(k-1) decrease
toward the (k-1)th data link line DLL(k-1) from the first data
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link line DLL1. Alternatively, the widths of the second verti-
cal portions of the first to (k-1)th data link lines DLLI to
DLL(k-1) may be the same. A dotted line G is defined, which
connects ends of the second vertical portions of the first to
(k=1)th data link lines DLL1 to DLL(k-1) far from the first to
(k-1)th data lines DL1 to DL(k-1) of FIG. 4 and corresponds
to a line connecting the points “a” and “b.” The dotted line G
is curved.

[0062] In the embodiments of present invention disclosed
herein, the inclined portions of the first to (k—1)th data link
lines DLL1 to DLL(k-1) have increasing widths W toward
the first data link line DLL1 from the (k-1)th data link line
DLL(k-1).

[0063] InFIG.5, the widths of the first to (k—1)th data lines
are not considered, and the link pitches P2 between inclined
portions of adjacent data link lines are explained to gradually
increase toward the first data link line DLL1. However, in an
actual design as shown in FIG. 6, since the widths W of the
inclined portions of the first to (k-1)th data link lines DLL1 to
DLL(k-1) are designed differently, link spaces F2 between
adjacent inclined portions of the first to (k-1)th data link lines
DLL1 to DLL(k-1), beneficially, may be the same in the
second region II. The link spaces F2 may be defined by a
distance between facing side surfaces of the inclined portions
of adjacent data link line. On the other hand, the link spaces
F2 between adjacent inclined portions of the first to (k-1)th
data link lines DLL1 to DLL(k-1) may be different from one
another.

[0064] The first link spaces F1 between adjacent second
vertical portions of the first to (k-1)th data link lines DLL1 to
DLL(k-1) may be larger than second link spaces, that is, the
link spaces F2 between adjacent inclined portions of the first
to (k-1)th data link lines DLL1 to DLL(k-1). The first link
spaces F2 between adjacent second vertical portions of the
first to (k-1)th data link lines DLL1 to DLL(k-1) may be
different from one another.

[0065] The kth to (n/2-1)th data link lines DLLk to DLL
(n/2-1) between the points “b” and “c” include first vertical
portions and inclined portions. The first vertical portions of
the kth to (n/2-1)th data link lines DLLk to DLL(n/2-1)
extend from the kth to (n/2-1)th data pads DPk to DP(n/2-1)
along a vertical direction in the context of the figure. The
inclined portions of the kth to (n/2-1)th data link lines DLLk
to DLL(n/2-1) aslant and extend from the first vertical por-
tions of the kth to (n/2-1)th data link lines DLLk to DLL(n/
2-1) in parallel with each other. The first vertical portions of
the kth to (n/2-1)th data link lines DLLk to DLL(n/2-1) are
disposed in the third region III. The inclined portions of the
kth to (n/2-1)th data link lines DLLk to DLL(n/2-1) are
disposed in the fourth region IV.

[0066] The first vertical portions of the first to (k—1)th data
link lines DLL1 to DLL(k-1) and the first vertical portions of
the kth to (n/2-1)th data link lines DLLk to DLL(1/2-1) have
increasing lengths toward the (n/2)th data link line DLL(n/2)
from the first data link line DLL1. The first vertical portions of
the first to (n/2-1)th data link lines DLL1 to DLL(n/2-1) have
different widths. Third link spaces F3 between adjacent first
vertical portions of the first to (n/2)th data link lines DLL1 to
DLL(1n/2) may be different from one another. Beneficially, the
link pitches between adjacent first vertical portions of the first
to (n/2)th data link lines DLL1 to DLL(1/2), which is deter-
mined by the sum of a link width and a corresponding link
space, may be equal to each other. Alternatively, the first
vertical portions of the first to (n/2-1)th data link lines DLL1
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to DLL(n/2-1) may have the same width, and the third link
spaces F3 may be equal to each other.

[0067] The third link spaces F3 between adjacent first ver-
tical portions of the first to (n/2-1)th data link lines DLL1 to
DLL(n/2-1) may be narrower than the first and second link
spaces F1 and F2. In some cases, the third link spaces F3 can
be wider than the first and second link spaces F1 and F2.

[0068] Here, the dotted line H connecting the point “c” and
the point “d,” that is, connecting ends of the first vertical
portions of the first to (n/2-1)th data link lines DLLI1 to
DLL(n/2-1) far from the first to (n/2-1)th data pads DP1 to
DP(n/2-1) of FIG. 5, has a steeper slope than the dotted line
G

[0069] The inclined portions of the kth to (n/2-1) data link
lines DLLk to DLL(n/2-1) may have the same width, and
fourth link spaces F4 between adjacent inclined portions of
the kth to (n/2-1) data link lines DLLk to DLL(n/2-1) may be
equal to each other. Otherwise, the inclined portions of thekth
to (n/2-1) data link lines DLLk to DLL(n/2-1) may have
different widths, and the fourth link spaces F4 may be differ-
ent from each other. Link pitches, each of which is the sum of
the fourth link space F4 and the width of each inclined portion
ofthekth to (n/2-1) datalink lines DLLk to DLL(n/2-1), may
be the same and may be narrower than the link pitches P2 of
FIG. 3 of the related art.

[0070] In the present disclosure, the link pitches in the
fourthregion IV are smaller than the link pitches of the related
art, and the data link lines in the fourth region I'V have narrow
widths as compared with the related art. Accordingly. the data
link lines in the central region of the link area LA of FIG. §
have increased resistances as compared with the related art. In
addition, since the data link lines in the first and second
regions [ and 11 have increasing widths, the date link lines in
the peripheral regions of the link area LA of FIG. 5 have
decreased resistances as compared with the related art. As a
result, uniform resistances are attained in the link area LA of
FIG. 5.

[0071] Accordingly, resistance differences are uniform in
the central region, where the kth to (1/2)th data link lines
DLLk to DLL(n/2) are disposed, and in the peripheral region,
where the first to (k-1)th data link lines DLL1 to DLL(k-1)
are disposed, and the uncharged problems can be solved.

[0072] Here, it is important to determine the point “a” on
the fourth side S4 and the point “b” on the third side S3. This
will be described hereinafter in detail with reference to
accompanying drawings.

[0073] FIG. 7A is a plan view of illustrating design values
of the link area according to an embodiment of the present
invention, FIG. 7B is a graph of illustrating resistances of data
link lines according to the embodiment of the present inven-
tion and the related art, and FIG. 7C is a graph of illustrating
ratios of the resistances of the data link lines according to the
present invention over the resistances of the data link lines
according to the related art.

[0074] For example, a driver IC including 1281 channels
maximum may be considered. At this time, FIG. 7A shows a
left half part of a link area corresponding to first to 641st
channels, more particularly, illustrates first to 641st data link
lines, even though all the first to 641st data link lines are not
presented. In FIGS. 7B and 7C, R is the resistances of the first
to 641st data link lines of the related art, and R' is the resis-
tances of the first to 641 st data link lines of the present
invention.
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[0075] As shown in FIGS. 7A, 7B and 7C, the rectangle is
defined to surround the first to 641 st data link lines. The
rectangle has the first, second, third and fourth sides S1, S2,
S3 and S4 and includes the first, second, third and fourth
regions I, I, Il and IV. A length X is defined as a distance
from a point “a” on the fourth side S4 to a point of contact at
which the third and fourth sides S3 and S4 meet each other.

[0076] Here, the first, second, third and fourth link spaces
F1,F2,F3 and F4 are defined as a distance between two facing
side surfaces of adjacent link lines in the first, second, third
and fourth regions 1, I1, I1T and TV, respectively. A link pitch is
defined by the sum of a link width and the link space.

[0077] When the length X increases by moving the point
“@” upward in the context of the figure, the link pitches may
increase more in the second region II. Thus, the widths W of
the data link lines in the second region II can increase more,
and the resistances in the peripheral region of the link area LA
of FIG. 5 can be more decreased. However, in this case, the
link pitches in the fourth region IV are also decreased, and
there may be an electrical short between adjacent data link
lines in the fourth region IV. Accordingly, it is not easy to
increase the length X without limit. Especially, in an area VA
above the inclined portion of the first data link line in the
second region 11, a LOG (Line on Glass) line (not shown) for
applying gate driving signals is disposed, and thus increasing

TP

the length X by moving the point “a” is limited.

[0078] Like this, it is the most important to determine the
length X and the point “a.” Here, a position of the point “b” is
changed according to the length X and may be determined
when the length X is within a range of 1 to 4,800 micrometers.
Desirably, the most effect can be had when the second and
fourth sides S2 and S4 may be 4,800 micrometers, the length
X 1s 1,200 micrometers, and the point “b” corresponds to the
365th data link line.

[0079] Accordingly, the resistances R' of FIGS. 7B and 7C
are obtained when the data link lines are designed such that
the second side S2 is 4,800 micrometers, the length X is 1,200
micrometers, and the point “b” corresponds to the 365th data
link line.

[0080] In the related art, the resistances R of the first to
641st data link lines linearly decrease toward the 641st data
link line from the first data link line. That is, the first data link
line has the largest resistance, and the 641st data link line has
the smallest resistance. Therefore, the resistances in the
peripheral region are considerably larger than the resistances
in the central region.

[0081] On the other hand, in the embodiment of the present
invention, the resistances R' are substantially uniform from
the first data link line toward the 365th data link line and
gradually decrease from the 365th data link line toward the
641st data link line. Here, the resistances R' may be slightly
decreased from the 365th data link line toward the first data
link line.

[0082] The resistance R' of the 229th data link line may be
the same as the resistance R of the 229th data link line of the
related art, and the ratio of the resistances R'/R of the 229th
data link lines may be 1. The ratios of the resistances R'/R of
the first to 228th data link lines are smaller than 1, and the
ratios of the resistances R'/R of the 230th to 641st data link
lines are larger than 1. The first to 228th data link lines of the
present invention have larger resistances than the related art,
and the 230th to 641st data link lines have smaller resistances
than the related art.
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[0083] More particularly, the ratios of the resistances R'/R
of the 365th to 641st data link lines are approximately about
1.5, and the 365th to 641st data link lines of the present
invention have resistances about 1.5 times larger than the
related art. The resistances R' are slightly decreased from the
365th data link line toward the first data link line, and the
resistances R are increased from the 365th data link line
toward the first data link line. Thus, the ratios of the resis-
tances RY/R of the 365th to first data link lines decrease. The
first data link line of the present disclosure has a resistance
about 0.64 times smaller than the related art.

[0084] In the present disclosure, the resistances R' of the
first to 228th data link lines decrease, and the resistances R' of
the 230th to 641st data line lines increase as compared with
the related art. Accordingly, the resistances R' of the first to
641st data link lines are uniform.

[0085] As stated above, the second side S2 may be 4,300
micrometers. However, in the related art, to get a similar
effect to the present disclosure, the second side S2 may be
6,784 micrometers. Therefore, the second side S2 of the
present disclosure can be designed to be smaller than the
second side S2 of the related art, and an area without display-
ing images, such as a bezel area, can be reduced. Thus nar-
row-type LCD devices can be manufactured.

[0086] FIG. 8isaview of explaining a method of designing
a link area according to the present disclosure. There are n (n
is a nature number) data link lines in the link area, and F1G. 8
corresponds to a left half part of the link area, that is, first to
(n/2)th data link lines.

[0087] InFIG.8,afirstlength I.1is a distance from the first
link line to the (n/2)th data link line, a second length L2 is a
distance from the first data pad to the (n/2)th data pad, and a
third length D1 is a length of the (n/2)th data link line. Points
“a” and “b” are arbitrarily selected, and the values are dis-
posed in an x-y coordinate plane. Then, points (0, 0), (b, 0),
(L1,0), (L1, D1),(L1-L2), (0, 2), and (0, D1) are determined.
[0088] When the point (0, a) and the point (b, 0) are set, a
point (x,y) can be determined at which a data link line passing
through the point (b, 0) paralleled a line between (0, a) and
(L1-L2, D1) meets a line connecting the point (L1-L.2, D1)
and the point (L1, 0). The point (x, y) is changeable by the
point (0, a) and the point (b, 0). Referring to FIG. 8, when the
point (0, a) and the point (b, 0) are set, a point (%, y) can be
determined at which a third line f3 meets a second line 2.
Wherein, the second line {2 passes through the point (b, 0) in
parallel with a first line f1 connecting (0, a) and (L.1-L.2, D2).
The third line {3 connects the point (LL1-1.2, D1) and the point
(L1, 0). The point (x, y) is changeable by the point (0, a) and
the point (b, 0).

[0089] The first, second and third lines f1, f2 and 3 are
defined by the points. That is, the first line f1 is a straight line
from the point (0, a) to the point (L1-1.2, D1), the second line
2 is a straight line from the point (b, 0) to the point (x, y), and
the third line f3 is a straight line from the point (x, y) to the
point (L1-L.2, D1).

[0090] An area surrounded by the points (0, a), (b, 0), (L1,
0), (x, y) and (L1-L2, D1) is divided into first and second
sections. The first section is defined by the points (0, a), (b, 0),
(%, y) and (L1-1L.2, D1), and the second section is defined by
the points (b, 0), (L1, 0) and (%, y). In FIG. 8, T1 is a shortest
distance from the point (0, a) to the second line f2, that is,
from the first line f1 to the second line 12 parallel to the first
line T2 is a shortest distance from the point (L1, 0) to the
second line f2. When k (k is a natural number smaller than
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n/2) data link lines are disposed in the first section, a first
average link pitch LP1 in the first section is defined as T1/k,
that is, the distance T1 over the number of the first to kth data
link lines. Additionally, (n/2-k) data link lines are disposed in
the second section. Here, a second average link pitch LP2 in
the second section is defined as T2/(n/2-k), that is, the dis-
tance T2 over the number of the (k+1)th to (n/2)th data link
lines.

[0091] After obtaining the first average link pitch LP1 and
the second average link pitch LP2, real link pitches in the first
and second sections are determined. The real link pitches in
the first section, that is, first link pitches, are designed to be
gradually decreased toward the second line 2 from the first
line f1. The real link pitches in the second section, that is,
second link pitches, are equal to each other and the same as
the second average link pitch LP2. In the first section, the first
link pitch next to the second line 2 is designed to be the same
as the second link pitches, that is, the second average link
pitch LP2. Alternatively, the firstlink pitch next to the second
line 2 is decreased. Then, the first link pitch next to the first
line f1 is designed to be increased by the decrease of the first
link pitch next to the second line {2 from the first average link
pitch LP1. If the first link pitch next to the first line f1 is
designated as L.P(1), LP(1) is given by the following equa-
tion:

LP(1) = LPL + (LP1 - LP2)
=2%LPl - LP2.

[0092] Accordingly, in the first section, other first link
pitches can be calculated by an arithmetic progression or
arithmetic sequence, in which the first link pitch next to the
first line f1 is the initial term and the first link pitch next to the
second line {2, that is, the second average link pitch LP2, is
the last term. Here, the first line f1 corresponds to the first data
link line, and the second line {2 corresponds to the kth data
link line. That is, the first link pitches in the first section
constitute an arithmetic progression with a common differ-
ence value between adjacent first link pitches.

[0093] Ifan xth data link line is chosen between the first to
kth data link lines, the first link pitch next to the xth data link
line is given by the following equation:

LP(x)=LP(1)-{{LP(1)-LP2)/k}xx,

[0094] wherein k=x=1

[0095] According to the equation, the first link pitches cor-
responding to the first to kth data link lines are gradually
determined.

[0096] FIGS. 9A and 9B are graphs of illustrating maxi-
mum resistances of data link lines according to points “a” and
“b.* More particularly, a first resistance R1 in the first section
and a second resistance R2 of the second section are com-
pared, and a maximum value of the first and second resis-
tances R1 and R2, that is, MAX(R1, R2), is selected and
shown in three dimensions. The graphs of FIGS. 9A and 9B
are viewed from different viewpoints.

[0097] In FIGS. 9A and 9B, the maximum values MAX
(R1, R2) of the first and second resistances R1 and R2 are
shown according to changes of the points “a” and “b.” Here,
the points “a” and “b” can be optimized in the bottom parts of
the graphs where the maximum values MAX(R1, R2) of the
first and second resistances R1 and R are the smallest.
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[0098] The maximum values MAX(R1, R2) of the first and
second resistances R1 and R decrease as the point “a”
increases. That is, if the point “a” increases, there is an advan-
tage that the resistances are lowered. However, a minimum
value of the first and second link pitches may be decreased,
and there is no space for the LOG (Line on Glass) line if the

€%

point “a” increases without limit. Accordingly, a value of the
point “a” cannot be increased to infinity.

[0099] For example, in 1281 channels, the minimum value
of the link pitches is designed as 6.5 micrometers. At this
time, to satisfy the minimum value of the link pitches, the
value of the point “a” is limited to 1,400 micrometers.
[0100] FIG. 10 is a table of illustrating ratios of the resis-
tances and efficiencies according to the values of the points
“a” and “b.” More particularly, the ratios of the resistances are
expressed as the first resistance R1 over the second resistance
R2 multiplied by 100. The efficiencies mean a decreasing
degree of a total resistance of the first and second resistances
R1 and R2. Therefore, the larger value the point “a” has, the
smaller the efficiency is.

[0101] When the point “a” has the value of 1,400 microme-
ters, the efficiency is the maximum. However, while the point
“a” increases and the space for the LOG (Line on Glass) line
decreases, the efficiency is merely increased. By considering
these conditions, it 1s desirable that the point “a” is designed
to have the value of 1,200 micrometers.

[0102] Inthe embodiment ofthe present invention, the data
link lines are described, and the same concept can be applied
to the gate link lines.

[0103] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

1. An array substrate for a display device, comprising:

asubstrate including a display area and a non-display area,

the non-display area having a link area and a pad area;
array elements in the display area on the substrate;
first to nth pads in the pad area (n is a natural number);
first to nth link lines in the link area and connected between
the first to nth pads and the array elements, respectively,

wherein the first to (n/2-1)th link lines have inclined por-
tions, the width of the inclined portion ofthe pth link line
is wider than the width of the inclined portion of the qth
link line, the length of the inclined portion of the pth link
line is longer than the length of the inclined portion of
the qth link line, the k, p and q are natural numbers, and
0/2-1)zkzg>pz1.

2. The array substrate according to claim 1, wherein link
pitches of the inclined portions of the first to kth link lines
decrease toward the kth link line from the first link line and
constitute an arithmetic progression with a common differ-
ence value between adjacent link pitches.

3. The array substrate according to claim 2, wherein the
link pitches of the inclined portions of the first to kth link lines
decrease with an arithmetic progression with a common dif-
ference value between adjacent link pitches.

4. The array substrate according to claim 1, wherein the
first to (n/2-1)th link lines are symmetrical with the nth to
(n/2+1)th link lines with respect to (n/2)th link line.
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5. The array substrate according to claim 1, wherein the
inclined portions of the first to kth link lines have substan-
tially uniform resistance values.

6. The array substrate according to claim 1, wherein the
inclined portions of the (k+1)th to (n/2-1)th link lines have a
substantially same width.

7. The array substrate according to claim 6, wherein the
inclined portions of the (k+1)th to (n/2-1)th link lines have
decreasing lengths toward the (n/2-1)th link line from the
(k+1)th link line.

8. The array substrate according to claim 7, wherein the
inclined portions of the (k+1)th to (n/2-1)th link lines have
decreasing resistance values.

9. The array substrate according to claim 6, wherein link
spaces between adjacent inclined portions are substantially
equal to each other.

10. The array substrate according to claim 6, wherein link
pitches of the inclined portions of the (k+1)th to (n/2-1)th
link lines are narrower than an average pitch of the inclined
portions of the first to (n/2)th link lines.

11. The array substrate according to claim 6, wherein the
second to (n/2-1)th link lines include first vertical portions
connected to first ends of the inclined portions and the second
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to (n/2-1)th pads, respectively, and the first vertical portions
of the second to (1n/2-1)th link lines have a same width and
decreasing lengths toward (n/2-1)th link line from the second
link line.

12. The array substrate according to claim 11, wherein link
spaces between adjacent first vertical portions are substan-
tially equal to each other.

13. The array substrate according to claim 11, wherein the
first to (k-1)th link lines include second vertical portions
connected between second ends of the inclined portions and
the array elements, and the second vertical portions of the first
to (k—1)th link lines have a same width and decreasing lengths
toward (k-1)th link line from the first link line.

14. The array substrate according to claim 13, wherein link
spaces between adjacent second vertical portions are equal to
each other.

15. The array substrate according to claim 11, wherein a
first line connecting the first ends of the inclined portions and
a second line connecting second ends of the inclined portions
are curved.

16. The array substrate according to claim 15, wherein the
first line has a larger slope than the second line.
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