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DISPLAY PANEL AND LIQUID CRYSTAL DISPLAY
INCLUDING SIGNAL LINES

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a display panel
including a plurality of signal line, and particularly to a
liquid crystal display including a plurality of lines having
different length.

[0003] (b) Description of Related Art

[0004] A display device such as a liquid crystal display
(LCD) or an organic electroluminescence (EL) display
includes a plurality of pixels as basic elements for displaying
an image. Fach pixel includes a switching element for
independent operation.

[0005] The switching elements include a tri-terminal ele-
ment including a control terminal, an input terminal, and an
output terminal, which is turned on or off in response to a
signal applied to the control terminal and selectively trans-
mits a signal entering into the input terminal via the output
terminal. For this purpose, a plurality of signal lines for
applying the signals to the control terminals and the input
terminals of the switching elements and a plurality of
driving circuits for supplying the signals to the signal lines
are provided at a display device.

[0006] The TFT array panel includes a plurality of scan-
ning signal lines or gate lines for transmitting scanning
signals, a plurality of image signal lines or data lines for
transmitting image signals, a plurality of TFTs connected to
the gate lines and the data lines, a plurality of pixel elec-
trodes connected to the TFTs, a gate insulating layer cov-
ering the gate lines for insulation, and a passivation layer
covering the TFTs and the data lines for insulation.

[0007] The TFT includes a gate electrode, which is a part
of the gate line, a semiconductor layer for a channel, source
and drain electrode, which are parts of the data line, a gate
insulating layer, and a passivation layer. The TFT is a
switching element for transmitting or blocking the image
signal from the data line to the pixel electrode in response to
the scanning signal from the gate line.

[0008] The driving circuits are located near edges of the
display device and connected to end portions of the signal
lines, which are clustered in a small area (referred to as
“connection area” hereinafter) for the connection. On the
contrary, the distances between the signal lines in an area
(referred to as “display area”) including the pixels have a
value determined by the size of the pixels to have larger
values than the distances between their end portions con-
nected to the driving circuits. Accordingly, a plurality of
fan-out areas in which the distances between the signal lines
gradually increase or decrease like a fan are provided
between the connection area and the display area.

[0009] Although the signal lines near the center of the
fan-out area extends straight without curving, the signal
lines closer to edges of the fan-out area have larger curving
angles. This configuration of the fan-out area results in the
difference in the length between the signal lines such that the
line length near the center of the fan-out area is shorter than
the line length near the edges of the fan-out area. The length

(a) Field of the Invention
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difference differentiates the resistances of the signal lines,
which results in the deteriorated image quality.

[0010] In particular, since a liquid crystal display uses a
voltage control scheme which controls voltages applied to
the pixels, the voltage difference due to the resistance
difference causes a severe problem in image quality.

SUMMARY OF THE INVENTION

[0011] A motivation of the present invention is to reduce
resistance difference due to length difference of signal lines.

[0012] Adisplay panel including a plurality of signal lines
is provided. Each signal line includes a first portion and a
second portion, and the display panel includes a first area
including the first portions of the signal lines and a second
area including the second portions of the signal lines. The
first portions of the signal lines have substantially the same
length and the second portions of the signal lines have
different lengths. The second portion of each signal line
includes a third portion and a fourth portion and the third and
the fourth portion include at least one layer. The number of
layers in the third portion is smaller than the number of
layers in the fourth portion.

[0013] The length of the third portion of each signal line
preferably depends on the entire length of the signal line.
Preferably, the length of the third portion of relatively longer
signal line is relatively shorter, and in particular, the length
of the third portion of each signal line is inversely propor-
tional to the entire length of the signal line.

[0014] Ttis preferable that each signalline further includes
a fifth portion for connection with outside, and the display
panel further includes a third area including the fifth portions
of the signal lines and located opposite the first area with
respect to the second area.

[0015] The signal lines may be arranged like a fan in the
second area, and the length of the signal line closer to edges
of the second area is longer.

[0016] The display panel may further include a driving
circuit connected to the signal lines in the third area and
supplying signals to the signal lines. The driving circuit is
chip-mounted on the display panel or mounted on a sepa-
rately provided printed circuit. The printed circuit includes
a plurality of conductive lines for electrical connection
between the driving circuit and an external device, and the
conductive lines are connected to the signal lines in the third
area.

[0017] Preferably, the third portion of each signal line has
a single-layered structure while the fourth portion of each
signal line has a double-layered structure.

[0018] Adisplay panel including a plurality of signal lines
is provided, the display panel includes: a first area where
distances between the signal lines are substantially the same,
and a second area where distances between the signal lines
vary. Each signal line includes a first portion and a second
portion, the first and the second portion of each signals line
are located in the second area and include at least one layer,
and the number of layers in the first portion is smaller than
the number of layers in the second portion.

[0019] Ttis preferable that the lengths of the signal lines in
the second area are different, the length of the first portion
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of relatively longer signal line is relatively shorter, and the
signal lines are arranged like a fan in the second area.

[0020] Preferably, the display panel further includes a
third area located opposite the first area with respect to the
second area, and the distances between the signal lines in the
third area are shorter than the distances between the signal
lines in the first area.

[0021] The display panel may further include a driving
circuit connected to the signal lines in the third area and
supplying signals to the signal lines.

[0022] A liquid crystal display according to an embodi-
ment of the present invention includes a display area, first
and second fan-out areas, and first and second connection
areas. The liquid crystal display includes: an insulating
substrate; a plurality of gate lines formed on the substrate,
each gate line including a connecting portion; a plurality of
data lines insulated from the gate lines and intersecting the
gate lines in the display area, each data line including a
connecting portion; a gate driving circuit connected to the
connecting portions of the gate lines in the first connection
areas; and a data driving circuit connected to the connecting
portions of the data lines in the second connection areas.
Each gate line or data line include a lower portion including
at least one layer and located in the first or the second fan-out
area, and the number of layers in the lower portion is smaller
than the number of layers in other portions.

[0023] Tt is preferable that the length of the lower portion
of relatively longer gate line or data line is relatively shorter,
and the length of the lower portion closer to a center of the
driving circuits is longer.

[0024] Preferably, the liquid crystal display further
includes a plurality of thin film transistors connected to the
gate lines and the data lines and a plurality of pixel elec-
trodes connected to the thin film transistors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other advantages of the present
invention will become more apparent by describing pre-
ferred embodiments thereof in detail with reference to the
accompanying drawings in which:

[0026] FIG. 1 is a schematic layout view of an LCD
according to an embodiment of the present invention;

[0027] FIG. 2 is a schematic layout view of an LCD
according to another embodiment of the present invention;

[0028] FIG. 3 is a schematic perspective view of an LCD
according to another embodiment of the present invention;

[0029] FIG. 4 is an enlarged layout view of a fan-out area
shown in FIGS. 1 and 2;

[0030] FIG. 5 is a sectional view of the fan-out area
shown in FIG. 4 taken along the line V-V,

[0031] FIG. 6 is a sectional view of the fan-out area
shown in FIG. 4 taken along the line VI-VI'; and

[0032] FIG. 7 is a graph showing resistances of signal
lines in a fan-out area of a panel according to an embodiment
of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0033] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
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ings, in which preferred embodiments of the present inven-
tion are shown. The present invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein.

[0034] In the drawings, the thickness of layers and regions
are exaggerated for clarity. Like numerals refer to like
elements throughout. It will be understood that when an
element such as a layer, region, panel or substrate is referred
to as being “on” another element, it can be directly on the
other element or intervening elements may also be present.
In contrast, when an element is referred to as being “directly
on” another element, there are no intervening elements
present.

[0035] Now, display panels and liquid crystal displays
(LCDs) according to embodiments of the present invention
will be described in detail with reference to the drawings.

[0036] FIG. 1 is a schematic layout view of an LCD
according to an embodiment of the present invention, FIG.
2 is a schematic layout view of an LCD according to another
embodiment of the present invention, and FIG. 3 is a
schematic perspective view of an LCD according to another
embodiment of the present invention.

[0037] Referring to FIG. 1, an LCD according to an
embodiment of the present invention includes a liquid
crystal panel assembly 300, a plurality of gate flexible
printed circuit (FPC) films 410 and a plurality of data FPC
films 510 attached to the panel assembly 300, and a printed
circuit board (PCB) 550 attached to the data FPC film 510.

[0038] Referring to FIG. 3, the panel assembly 300
includes a lower panel 1 and an upper panel 2 facing each
other and a liquid crystal layer 3 interposed between the two
panels 1 and 2.

[0039] The upper panel 2 includes a black matrix 220
having a plurality of apertures arranged in a matrix, a
plurality of primary color filters 230 such as red, green, and
blue color filters disposed in respective apertures in the
black matrix 220, and a common electrode 270 formed on an
entire surface of the upper panel. These elements such as the
black matrix 220, the color filters 230, and the common
electrode 270 may be provided on the lower panel 1.

[0040] The lower panel 1 includes a plurality of pixel
electrodes 190 arranged in a matrix, a plurality of switching
elements Q connected to the pixel electrodes 190, a plurality
of gate lines 121 connected to the switching elements Q and
transmitting gate signals (also referred to as “scanning
signals”), and a plurality of data lines 171 connected to the
switching elements Q and transmitting data signals.

[0041] The pixel electrodes 190 face the apertures of the
black matrix 220 and are preferably made of a transparent
conductive material such as indium tin oxide (ITO) and
indium zinc oxide (IZO) or of a reflective metal.

[0042] The switching elements Q includes three-terminal
thin film transistors (TFTs), each switching element Q
having control and input terminals respectively connected to
the gate line 121 and the data line 171 and an output terminal
connected to the pixel electrode 190 such that the switching
element Q selectively transmits the data signals from the
data lines 171 responsive to the gate signals from the gate
lines 121.
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[0043] Referring back to FIG. 1, a plurality of gate driver
integrated circuits (ICs) 410 and a plurality of data driver
ICs are chip-mounted on the gate FPC films 410 and the data
FPC films 510, respectively. A plurality of leads 420 and 520
for electrical connection to an external device are formed on
the FPC films 410 and 510, respectively.

[0044] Various circuit elements for driving and controlling
the panel assembly 300 are provided on the PCB 550. The
circuit elements are connected to the data driver ICs 540 via
signal lines (not shown) provided on the PCB 550 and the
leads 520 on the data FPC films 510. The electrical connec-
tion between the gate driver ICs 440 and the PCB 350 is
made by signal lines (not shown) separately provided on the
data PCB 550 and the lower panel 1 and the leads 420 on the
gate FPC films 410.

[0045] Another embodiment shown in FIG. 2 mounts the
driver ICs 440 and 550 directly on the lower panel 1 of the
panel assembly 300, and the gate FPC film is not required.
The PCB 550 and the data FPC film 510 are not shown in
FIG. 2 for descriptive convenience.

[0046] According to another embodiment, an additional
PCB (not shown) is attached to the gate FPC films 410, and
some circuit elements of the PCB 550 are provided on the
additional PCB.

[0047] According to an embodiment of the present inven-
tion, the driver ICs 440 and/or 540 are integrated into the
lower panel 1, instead of being chip-mounted.

[0048] Referring to FIGS. 1 and 2, the lower panel 1 is
divided into a display area D including the array of the pixel
electrodes 190, and a peripheral area located outside the
display area D and including the connections between the
display signal lines 121 and 171 and the FPC films 410 and
510 (as shown in FIG. 1) or the driving ICs 440 and 540 (as
shown in FIG. 2).

[0049] The display signal lines 121 or 171 are connected
to the pixel electrodes 190 through the switching elements Q
in the display area and extend substantially parallel to each
other. The signal lines 121 and 171 have one ends connected
to the FPC films 410 and 510 or the driver ICs 440 and 540.
As shown in FIG. 1, the distance between the leads 420 of
the FPC films 410 and 510 for the connection between the
driver ICs 440 and 540 and the display signal lines 121 and
171 is smaller than the distance between the signal lines 121
or 171 in the display area D. Similarly, the distance between
output terminals of the driver ICs 440 and 340 to be
connected to the display signal lines 121 and 171 is smaller,
as shown in FIG. 2, than the distance between the signal
lines 121 or 171 in the display area D. Accordingly, there are
a plurality of fan-out areas where the distance between the
signal lines 121 or 171 varies such that the signal lines 121
or 171 are arranged like a fan.

[0050] Now, a fan-out area of a panel according to an
embodiment of the present invention is described in detail
with reference to FIGS. 4-6.

[0051] FIG. 4 is an enlarged layout view of a fan-out area
shown in FIGS. 1 and 2, FIG. 5 is a sectional view of the
fan-out area shown in FIG. 4 taken along the line V-V', and
FIG. 6 is a sectional view of the fan-out area shown in FIG.
4 taken along the line VI-VT'.
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[0052] As shown in FIG. 4, signal lines SL,-SL_ such as
gate lines 121 or data lines 171 are arranged like a fan in a
fan-out area located between a display area D and a con-
nection area CA. The connection area CA is an area where
end portions of the signal lines SI.,-SL, are connected to
FPC films 410 and 510 or driver ICs 440 and 540. The signal
line such as SL_, near a center C goes straight without
curving. The signal lines, as they are closer to edges E of the
fan-out area F, show larger curving angles, and the signal
lines SL; and SL, closest to the edges E have the largest
curving angles. Therefore, the length of portions of the
signal lines SL,-SL_ in the fan-out area F and the length of
the signal lines SL,-SL, becomes longer as it goes to the
edges F from the center C.

[0053] Each of the display signal lines SL,-SL_ includes at
least one of a lower layer N;-N and an upper layer M;-M,,
which are sequentially deposited on a substrate 40 and made
of conductive material such as metal. The two layers N;-N
and M;-M_ may have different resistivity. It is preferable
that one of the two layers N, -N_ and M;-M, are made of low
resistivity metal such as Al, Al alloy, Ag and Ag alloy, and
the other of the two layers N;-N_ and M,-M are made of Cr,
Ti, Ta, Mo or their alloys such as MoW alloy having good
physical, chemical and electrical contact characteristics with
other materials such as indium tin oxide (ITO) and indium
zine oxide (IZO).

[0054] Referring to FIGS. 5 and 6, each signal line
SL-SL, include a single-layered portion L,-L, which
extends to the connection area CA. The length of the
single-layered portions L;-L of the signal lines SL,-SL
becomes shorter as the length of the corresponding signal
lines SL,-SL, becomes longer. For example, the length of
the single-layered portion L,-L, is inverse proportional to
the length of the corresponding signal line SL;-SL,.

[0055] As a result, the resistance of the signal lines SL. -
SL, in the fan-out area F is uniform. That is, the resistance
difference of the length of portions in the fan-out area F or
of the entire length of the signal lines SL,-SL,, is compen-
sated by making the single-layered portions L,-L, of longer
signal lines SL,-SL shorter, while making those of shorter
signal lines SL;-SL_ longer since the single-layered portion
L,-L, has larger resistance than other portions including two
layers N;-N_ and M;-M,, electrically connected in parallel.

[0056] For example, it is assumed that the length of a
portion of a signal line SL; in a fan-out area F and the length
of the single-layered portion L; of the signal line SL; are
indicated by t; and s,, respectively, the resistivities of the
lower layer N; and the upper layer M; are indicated by py; and
Pus Tespectively, and the areas of the sections of the lower
layer N; and the upper layer M; are equal and indicated by A.

[0057] The resistance R,(single) of the single-layered por-
tion L; of the signal layer SL, is given by,

. S
R;(single) = py e

[0058] The resistance R(double) of the remaining double-
layered portion of the signal layer SL;, which equals to the
combined resistance of the resistance R(lower) of the lower
layer N, and the resistance R (upper) of the upper layer M;
connected in parallel, is given by,
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1 _ PNPM T =Si )

R.(double) = - L-si
i(double) L/Ri(lower) + 1 /Ri(upper)  py +py A

[0059] Accordingly, the total resistance R; of the portion of
the signal line SL,; in the fan-out area F is obtained such that:

. Si PNPM =S 3
R =R; le) + R;(double) = py— —_—
i = Rilsingle) + Ri(double) = oy + ——=— —

[0060] Since the resistances of the portions of the signal
lines SL;-SL,, in the fan-out area F are preferably equal to
each other, the lengths s;-s_ of the single-layered portion
L -L, of the signal lines SL,-SL., are adjusted such that the
resistances R;-R  of all the signal lines given by Equation 3
are the same.

[0061] FIG. 7 is a graph showing resistances of signal
lines in a fan-out area of a display panel having a signal line
configuration. The line shown in FIG. 2 illustrates that the
resistances of all the signal lines are the same. The term
“substantially the same” means “the same” if the resistance
deviation due to device error of a manufacturing device for
manufacturing the signal lines SL;-SL_ and or operation
error of the manufacturing device is ignored.

[0062] As described above, the embodiments of the
present invention provide dual-layered signal lines for
reducing the resistance difference due to the length differ-
ence in a fan-out area, thereby effectively removing image
deterioration due to the resistance difference.

[0063] Although the embodiments focus on LCDs, the
present invention is also applicable to any display devices
having fan-out areas.

[0064] While the present invention has been described in
detail with reference to the preferred embodiments, it is to
be understood that the invention is not limited to the
disclosed embodiments, but, on the contrary, is intended to
cover various modifications and equivalent arrangements
included within the sprit and scope of the appended claims.

What is claimed is:

1. A display panel including a plurality of signal lines,
each signal line including a first portion and a second
portion, the display panel comprising:

a first area including the first portions of the signal lines;
and

a second area including the second portions of the signal
lines,

where the first portions of the signal lines have substan-
tially the same length, the second portions of the signal
lines have different lengths, the second portion of each
signal line includes a third portion and a fourth portion
including at least one layer, and the number of layers in
the third portion is smaller than the number of layers in
the fourth portion.
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2. The display panel of claim 1, wherein the length of the
third portion of each signal line depends on the entire length
of the signal line.

3. The display panel of claim 2, wherein the length of the
third portion of relatively longer signal line is relatively
shorter.

4. The display panel of claim 3, wherein the length of the
third portion of each signal line is inversely proportional to
the entire length of the signal line.

5. The display panel of claim 4, wherein each signal line
further comprises a fifth portion for connection with outside,
and the display panel further comprises a third area includ-
ing the fifth portions of the signal lines and located opposite
the first area with respect to the second area.

6. The display panel of claim 5, wherein the signal lines
are arranged like a fan in the second area.

7. The display panel of claim 6, wherein the length of the
signal line closer to edges of the second area is longer.

8. The display panel of claim 5, further comprising a
driving circuit connected to the signal lines in the third area
and supplying signals to the signal lines.

9. The display panel of claim 8, wherein the driving
circuit is chip-mounted on the display panel.

10. The display panel of claim 8, further comprising a
printed circuit mounting the driving circuit and including a
plurality of conductive lines for electrical connection
between the driving circuit and an external device, the
conductive lines connected to the signal lines in the third
area.

11. The display panel of claim 2, wherein the third portion
of each signal line has a single-layered structure and the
fourth portion of each signal line has a double-layered
structure.

12. A display panel including a plurality of signal lines,
the display panel comprising:

a first area where distances between the signal lines are
substantially the same, and

a second area where distances between the signal lines
vary,

where each signal line includes a first portion and a
second portion, the first and the second portion of each
signals line are located in the second area and include
at least one layer, and the number of layers in the first
portion is smaller than the number of layers in the
second portion.

13. The display panel of claim 12, wherein the lengths of
the signal lines in the second area are different, and the
length of the first portion of relatively longer signal line is
relatively shorter.

14. The display panel of claim 13, further comprising a
third area located opposite the first area with respect to the
second area, the distances between the signal lines in the
third area being shorter than the distances between the signal
lines in the first area.

15. The display panel of claim 14, wherein the signal lines
are arranged like a fan in the second area.

16. The display panel of claim 15, further comprising a
driving circuit connected to the signal lines in the third area
and supplying signals to the signal lines.

17. Aliquid crystal display including a display area, first
and second fan-out areas, and first and second connection
areas, the liquid crystal display comprising:
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an insulating substrate;

a plurality of gate lines formed on the substrate, each gate
line including a connecting portion;

a plurality of data lines insulated from the gate lines and
intersecting the gate lines in the display area, each data
line including a connecting portion;

a gate driving circuit connected to the connecting portions
of the gate lines in the first connection areas; and

adata driving circuit connected to the connecting portions
of the data lines in the second connection areas,

wherein each gate line or data line include a lower portion
including at least one layer and located in the first or the
second fan-out area, and the number of layers in the
lower portion is smaller than the number of layers in
other portions.
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18. The liquid crystal display of claim 17, wherein the
length of the lower portion of relatively longer gate line or
data line is relatively shorter.

19. The liquid crystal display of claim 18, wherein the
length of the lower portion closer to a center of the driving
circuits is longer.

20. The liquid crystal display of claim 17, further com-
prising:

a plurality of thin film transistors connected to the gate
lines and the data lines; and

a plurality of pixel electrodes connected to the thin film
transistors.
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