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1 determining the position of a breaking point
\on a broken signal line and the pixel where
the breaking point is located

l

welding two parts of the broken signal line
2 '_\ at both sides of the breaking point to the
pixel electrode of the pixel by laser welding
and disabling the thin film transistor of the
pixel by laser cutting
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR REPAIRING BROKEN LINES
THEREOF

BACKGROUND OF THE INVENTION

[0001] The invention relates to a liquid crystal display
(LCD) device and a method for repairing broken lines.
[0002] Liquid crystal display (LCD) devices, which are of
small volume, light weight, low power consumption and free
of radiation, have prevailed in the market of flat panel display
devices. Generally, a LCD device comprises a thin film tran-
sistor (TFT) array substrate and a color filter substrate, which
are positioned in paralle]l with a gap therebetween. Interposed
between the TFT array substrate and the color filter substrate
is a liquid crystal material layer that can change its optical
characteristics in response to an applied electrical field. On
the array substrate, gate lines are provided for transmitting
scan signals, data lines are provided for transmitting data
signals, and pixel electrodes are formed for each pixel.
[0003] A typical method for manufacturing a LCD device
comprises an array process of forming the array substrate and
the color filter substrate, a cell process of attaching together
the array substrate and the color filter substrate with a space
therebetween and injecting liquid crystal materials into the
space, and subsequent assembling processes. During the
manufacturing, failures of pixels and signal lines are the main
defects and mostly occur after the end of the array process.
When the failures occur, a repair step is needed.

[0004] If the failures are found before the cell process, a
defective pixel can be repaired by welding upper and lower
plates of its storage capacitor with each other or welding a
gate electrode to a drain electrode through laser irradiation,
and defective lines may be repaired by forming a bridge
through a chemical vapor deposition (CVD) repair method.
[0005] In practice, failures of pixels and signal lines may
occur after the cell process. In this case, for defective pixels,
amethod of repairing by laser welding after the cell process is
proposed. Specifically, by use of heat generated from laser,
upper and lower plates of the storage capacitor in a defective
pixel are welded with each other, or in the defective pixel a
gate electrode is welded to a drain electrode, such that the
defective pixel is repaired to be a dark spot. This is a typical
method for repairing defective pixels from outside the LCD
cell. However, for defective lines, there are still no workable
methods. In industry, products having broken signal lines are
generally discarded, which brings about great waste and
increases the producing cost.

SUMMARY OF THE INVENTION

[0006] An embodiment of the invention provides a method
for repairing a broken signal line of a liquid crystal display
device, comprising determining a position of'a breaking point
on the broken signal line and a pixel where the breaking point
is located on an array substrate; and welding two parts of the
broken signal line at both sides of the breaking point to a pixel
electrode of the pixel by laser welding and disabling a thin
film transistor as a switching device of the pixel by laser
cutting.

[0007] Another embodiment of the invention provides a
liquid crystal display device comprising an array substrate
and a color filter substrate facing each other with a liquid
crystal layer therebetween, the array substrate including a
plurality of pixel regions defined by gate lines and data lines
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intersecting with each other, each pixel region including a
pixel electrode and a thin film transistor as a switching device,
wherein at least one pixel region is a repair region where a
signal line breaking failure is repaired to become a pixel
failure.

[0008] Further scope of applicability of the invention will
become apparent from the detailed description given herein-
after. However, it should be understood that the detailed
description and specific examples, while indicating preferred
embodiments of the invention, are given by way ofillustration
only, since various changes and modifications within the
spirit and scope of the invention will become apparent to
those skilled in the art from the following detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention will become more fully understood
from the detailed description given hereinafter and the
accompanying drawings which are given by way of illustra-
tion only, and thus are not limitative of the invention and
wherein:

[0010] FIG.1is aflow chart showing a method for repairing
broken lines of a liquid crystal display device according to an
exemplary embodiment of the invention;

[0011] FIG. 2 is a schematic view showing a broken gate
line in a first exemplary embodiment of the invention;

[0012] FIG. 3 is a sectional view taken along a line A-A in
FIG. 2;
[0013] FIG. 4is a schematic view showing welding points

according to the first exemplary embodiment of the invention;

[0014] FIG. 51is a sectional view taken along a line B-B in
FIG. 4;
[0015] FIGS. 6-8 are schematic views each showing a dis-

abled thin film transistor according to the first exemplary
embodiment of the invention;

[0016] FIG.9isaschematic view showing a broken storage
electrode line in a second exemplary embodiment of the
invention;

[0017] FIG. 10 is a schematic view showing welding points
according to the second exemplary embodiment of the inven-
tion; and
[0018]
FIG. 10.

FIG. 11 is a sectional view taken along a line C-C in

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0019] Embodiments of the invention will be described
more fully hereinafter with reference to the accompanying
drawings.

[0020] FIG.1is aflow chart showing a method for repairing
broken lines of a LCD device according to an exemplary
embodiment of the invention. The method comprises detet-
mining the position of a breaking point on a broken signal line
and the pixel where the breaking point is located; and welding
two parts of the broken signal line at both sides of the breaking
point to the pixel electrode of the pixel by laser welding and
disabling the thin film transistor of the pixel by laser cutting.
[0021] FIGS. 2 to 8 are schematic views showing a method
for repairing broken lines of a LCD device according to a first
exemplary embodiment of the invention.

[0022] The LCD device is a thin film transistor liquid crys-
tal display (TFT-LCD) device and has an array substrate with
a typical pixel structure in which a storage capacitance is
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provided with a gate line. The array substrate of the present
embodiment comprises a plurality of gate lines 1, a plurality
of data lines 2, pixel electrodes 3, and thin film transistors
(TFTs) as switching devices. The gate lines 1 and the data
lines 2 intersect with each other to define pixel regions, and
one thin film transistor is disposed at the intersection for each
pixel region. The pixel electrode 3 is formed in each the pixel
regions. The pixel electrode 3 overlaps one gate line 1 for the
pixels in a previous row such that storage capacitance is
generated therebetween. The TFT, as indicated with a dot line
blockin FIG. 2, includes at least a gate electrode 11 formed on
asubstrate 10, and a source electrode 12 and a drain electrode
13 disposed above the gate electrode 11. The gate electrode
11 is connected to the gate line 1, the source electrode is
connected to the data line 2, and the drain electrode 13 is
connected to the pixel electrode 3 by a via hole 3« through a
passivation layer 15. If a gate line breaking failure is detected
in a testing step after the cell process, the position of the
breaking point on the gate line and the pixel where the break-
ing pointis located are to be determined. F1G. 2 is a schematic
view showing a gate line breaking failure in the first exem-
plary embodiment of the invention; and FIG. 3 is a sectional
view taken along a line A-A in FIG. 2. The breaking point 4 is
on the gate line 1 of the array substrate, resulting in a bright or
dark line defect corresponding to the gate line 1. The CVD
bridging method can not be used to repair the failure because
the array substrate and the color filter substrate have been
attached to each other. FIG. 4 is a schematic view showing
welding points according to the first exemplary embodiment
of the invention; and FIG. 5 is a sectional view taken along a
line B-B inFIG. 4. After having determined the position of the
breaking point 4 on the gate line 1 and the pixel where the
breaking point is located, a laser irradiated from the array
substrate side may be used to weld the pixel electrode 3 to a
part of the gate line 1 on one side of the breaking point 4 at a
position “a” and to weld the pixel electrode 3 to the other part
of the gate line 1 on the other side of the breaking point 4 at a
position “b”, as shown in FIG. 4. Thus, the two parts of the
gate line 1 on both sides of the breaking point 4 are connected
with each other through two welding points 5 and the pixel
electrode 3. The laser welding process utilizes heat generated
from laser to melt the gate line 1 and form a via hole 35 in a
gate insulating layer 14 and the passivation layer 15 between
the gate line 1 and the pixel electrode 3. The melted gate line
1 is connected to the melted pixel electrode 3 through the via
hole 34, as shown in FIG. 5.

[0023] Then, laser cutting is performed from the array sub-
strate side to disable the TFT of the determined pixel where
the breaking point is located. FIGS. 6-8 are schematic views
each showing a disabled TFT according to the firstexemplary
embodiment of the invention. As shown in FIG. 6, a gate
electrode cutout 11a is formed to cut off the connection
between the gate electrode 11 and the gate line 1 to which the
gate electrode 11 is originally connected. As shown in FIG. 7,
a source electrode cutout 124 is formed to cut off the connec-
tion between the source electrode 12 and the data line 2. As
shown in FIG. 8, a drain electrode cutout 13« is formed to cut
off the connection between the drain electrode 13 and the
pixel electrode 3. Any one of the gate electrode cutout 114, the
source electrode cutout 12 and the drain electrode cutout 1
3a can make the TFT of the pixel fail to function. Since the
pixel electrode 3 serves as a conductive layer to connect the
parts of the broken gate line 1 and can not display image
properly, the TFT of the pixel is disabled by cutting off at least
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one of the gate electrode 11, the source electrode 12, and the
drain electrode 13. In this case, the pixel becomes a bright
spot in a normal white mode or a dark spot in a normal black
mode.

[0024] Alternatively, the laser cutting process may be per-
formed before the laser welding process.

[0025] Differing from the CVD bridging method, the
present embodiment repairs broken lines by utilizing a pixel
electrode as a conductive layer for connecting the broken gate
line by using laser welding and laser cutting. The gate line
breaking failure is repaired such that it becomes a pixel fail-
ure. Thatis, a bright or dark line may be repaired to be a bright
or dark spot. Thus, quality of the defective LCD device is
improved. The method for repairing broken lines according to
the present embodiment can efficiently reduce the cost.

[0026] FIGS. 9-10 are schematic views showing a method
for repairing broken lines according to a second exemplary
embodiment of the invention. The LCD deviceis a TFT liquid
crystal display (TFT-LCD) device and has an array substrate
and a typical pixel structure in which a storage capacitance is
provided on astorage electrode line. The array substrate of the
present embodiment comprises a gate line 1, a storage elec-
trode line 6, a data line 2, a pixel electrode 3. anda TFT as a
switching device. The gate line 1 and the data line 2 intersect
with each other to define a pixel region, and the TFT is
disposed near the intersection of the pixel region. The pixel
electrode 3 is formed in the pixel region and overlaps the
storage electrode line 6 to provide storage capacitance ther-
ebetween. The TFT includes at least a gate electrode 11
formed on the substrate 10, and a source electrode 12 and a
drain electrode 13 disposed above the gate electrode 11. The
gate electrode 11 is connected to the gate line 1, the source
electrode 12 is connected to the data line 2, and the drain
electrode 13 is connected to the pixel electrode 3 by a via hole
3a through a passivation layer 15. If a storage electrode line
breaking failure is detected in a testing step after the cell
process, the position of the breaking point on the storage
electrode line and the pixel where the breaking point is
located is determined. FIG. 9 is a schematic view showing a
storage electrode line breaking failure in the second exem-
plary embodiment of the invention. The breaking point 4
occurs on the storage electrode line 6 of the array substrate,
resulting in a line failure corresponding to the storage elec-
trode line 6. The CVD bridging method can not be used to
repair the failure because the array substrate and the color
filter substrate have been attached to each other. FIG. 10 is a
schematic view showing welding points according to the
second exemplary embodiment of the invention. After having
determined the position of the breaking point 4 on the storage
electrode line 6 and the pixel where the breaking point 4 is
located, alaser irradiated from the array substrate side may be
used to weld the pixel electrode 3 to a part of the storage
electrode line 6 on one side of the breaking point 4 at a
position “a” and to weld the pixel electrode 3 to the other part
of the storage electrodeline 6 on the other side of the breaking
point 4 at a position “b.” Thus, two parts of the storage
electrode line 6 on both sides of the breaking point 4 are
connected with each other through two welding points 5 and
the pixel electrode 3. The laser welding process utilizes heat
generated from laser to melt the storage electrode line 6 and
form a via hole 35 in a gate insulating layer 14 and the
passivation layer 15 between the storage electrode line 6 and
the pixel electrode 3. The melted storage electrode line 6 is
connected to the melted pixel electrode 3 through the via hole
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3b. The structure formed after the laser welding according to
the present embodiment is similar to that shown in FIG. 11.
[0027] Then, laser cutting may be performed from the array
substrate side to disable the TFT of the determined pixel
where the breaking point is located. The TFT may be disabled
by at least one of forming a gate electrode cutout to cut off the
connection between the gate electrode 11 and the gate line 1
to which the gate electrode 11 is originally connected, form-
ing a source electrode cutout to cut off the connection
between the source electrode 12 and the data line 2, and
forming a drain electrode cutout to cut off the connection
between the drain electrode 13 and the pixel electrode 3. The
gate electrode cutout, the source electrode cutout, and the
drain electrode cutout may be provided in a manner similar to
that shown in FIGS. 6-8, and any one of them can make the
TFT of the pixel fail to function. Since the pixel electrode 3 in
the pixel where the breaking point is located serves as a
conductive layer to connect parts of the broken storage elec-
trode line 6 and can not display image properly, the TFT of the
pixel is disabled by cutting off at least one of the gate elec-
trode 11, the source electrode 12 and the drainelectrode 13. In
this case, the pixel where the breaking point is located
becomes a bright spot in a normal white mode or a dark spot
in a normal black mode.

[0028] Alternatively, the laser cutting process may be per-
formed before the laser welding process.

[0029] Differing from the CVD bridging method, the
present embodiment repairs broken storage electrode lines by
utilizing a pixel electrode as a conductive layer for connecting
the parts of the broken lines by using laser welding and laser
cutting. The storage electrode line breaking failure is repaired
such that it becomes a pixel failure. That is, a bright (or
weakly bright) or dark (or lightly dark) line is transformed
into a bright (or weakly bright) or dark (or lightly dark) spot.
Thus, quality of the defective LCD device is improved. The
method for repairing broken lines according to the present
embodiment can efficiently reduce the cost.

[0030] It should be noted that the invention may also be
applied during the array process before the cell process, espe-
cially at the end of the array process, so as to repair broken
gate lines and broken storage electrode lines.

[0031] An embodiment of the invention further provides a
LCD device comprising an array substrate and a color filter
substrate facing each other with a liquid crystal layer inter-
posed therebetween. The array substrate includes gate lines,
data lines, pixel electrodes and TFTs formed thereon. The
gate lines intersect the data lines to define pixel regions in
which the pixel electrodes are formed. Each of the TFTs is
disposed near a intersection between one of the gate lines and
one of the data lines and includes at least a gate electrode
connected to the gate line, a source electrode connected to the
data line, and a drain electrode connected to the pixel elec-
trode through a via hole in a passivation layer. Among the
plurality of pixel regions of the array substrate, at least one
pixel region is a repair region where a signal line breaking
failure (e.g., a gate line breaking failure or a storage electrode
line breaking failure) is repaired such that it becomes a pixel
failure. Specifically, the repair region includes a pixel elec-
trode used as a conductive layer to connect two parts of the
broken signal line at both sides of the breaking point, and a
disabled TFT. At least two welding points are formed on the
pixel electrode. Atleast one welding point is positioned at one
side of the breaking point and welds a part of the broken
signal line at said side of the breaking point to the pixel
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electrode, and at least another welding point is positioned at
the other side of the breaking point and welds the other part of
the broken signal line at the other side of the breaking point to
the pixel electrode, such that two parts of the broken signal
line at both side of the breaking point are connected with each
other through the welding points and the pixel electrode.
[0032] The disabled TFT includes at least a gate electrode,
a source electrode and a drain electrode. The gate electrode
may have a cutout formed thereon to cut off the connection
between the gate electrode and the gate line; the source elec-
trode may have a cutout formed thereon to cut off the con-
nection between the source electrode and the data line; and
the drain electrode may have a cutout formed thereon to cut
off the connection between the drain electrode and the pixel
electrode. The LCD device according to the embodiment of
the invention has been described in the first and second exem-
plary embodiments, and the detailed description thereof is not
repeated here.

[0033] The invention being thus described. it will be obvi-
ous that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would be
obvious to those skilled in the art are intended to be included
within the scope of the following claims.

What is claimed is:

1. A method for repairing a broken signal line of a liquid
crystal display device, comprising:

determining a position of a breaking point on the broken

signal line and a pixel where the breaking point is
located on an array substrate; and

welding two parts of the broken signal line at both sides of

the breaking point to a pixel electrode of the pixel by
laser welding and disabling a thin film transistor as a
switching device of the pixel by laser cutting.

2. The method according to claim 1, wherein the step of
disabling a thin film transistor of the pixel by laser cutting
comprises:

using laser irradiated from the array substrate side to form

acutout in a gate electrode of the thin film transistor such
thatthe gate electrode is disconnected from a gate line to
which the gate electrode is originally connected.

3. The method according to claim 1, wherein the step of
disabling a thin film transistor of the pixel by laser cutting
comprises:

using laser irradiated from the array substrate side to form

a cutout in a source electrode of the thin film transistor
such that the source electrode is disconnected from a
data line to which the source electrode is originally
connected.

4. The method according to claim 1, wherein the step of
disabling a thin film transistor of the pixel by laser cutting
comprises:

using laser irradiated from the array substrate side to form

a cutout in a drain electrode of the thin film transistor
such that the drain electrode is disconnected from the
pixel electrode.

5. The method according to claim 1, wherein the broken
signal line is a gate line or a storage electrode line.

6. The method according to claim 5, wherein the step of
disabling a thin film transistor of the pixel by laser cutting
comprises:

using laser irradiated from the array substrate side to form

acutout in a gate electrode of the thin film transistor such
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that the gate electrode is disconnected from a gate line to
which the gate electrode is originally connected.

7. The method according to claim 5, wherein the step of
disabling a thin film transistor of the pixel by laser cutting
comprises:

using laser irradiated from the array substrate side to form

a cutout in a source electrode of the thin film transistor
such that the source electrode is disconnected from a
data line to which the source electrode is originally
connected.

8. The method according to claim 5, wherein the step of
disabling a thin film transistor of the pixel by laser cutting
comprises:

using laser irradiated from the array substrate side to form

a cutout in a drain electrode of the thin film transistor
such that the drain electrode is disconnected from the
pixel electrode.

9. The method according to claim 1, wherein the step of
welding two parts of the broken signalline at both sides of the
breaking point to the pixel electrode of the pixel by laser
welding comprises:

using laser irradiated from the array substrate side to weld

one part of the broken signal line at one side of the
breaking point to the pixel electrode to form a welding
point, and weld the other part of the broken signal line at
the other side of the breaking point to the pixel electrode
to form another welding point, such that said two parts of
the broken signal line at both sides of the breaking point
are connected with each other through the two welding
points and the pixel electrode.

10. The method according to claim 9, wherein the broken
signal line is a gate line or a storage electrode line.

11. The method according to claim 9, wherein the step of
disabling a thin film transistor of the pixel by laser cutting
comprises:

using laser irradiated from the array substrate side to form

acutoutin a gate electrode of the thin film transistor such
that the gate electrode is disconnected from a gate line to
which the gate electrode is originally connected.

12. The method according to claim 9, wherein the step of
disabling a thin film transistor of the pixel by laser cutting
comprises:

using laser irradiated from the array substrate side to form

a cutout in a source electrode of the thin film transistor
such that the source electrode is disconnected from a
data line to which the source electrode is originally
connected.

13. The method according to claim 9, wherein the step of
disabling a thin film transistor of the pixel by laser cutting
comprises:
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using laser irradiated from the array substrate side to form
a cutout in a drain electrode of the thin film transistor
such that the drain electrode is disconnected from the
pixel electrode.

14. A liquid crystal display device comprising an array
substrate and a color filter substrate facing each other with a
liquid crystal layer therebetween, the array substrate includ-
ing a plurality of pixel regions defined by gate lines and data
lines intersecting with each other, each pixel region including
a pixel electrode and a thin film transistor as a switching
device,

wherein at least one pixel region is a repair region where a
signal line breaking failure is repaired to become a pixel
failure.

15. The liquid crystal display device according to claim 14,
wherein the pixel electrode in the pixel region as the repair
region serves as a conductive layer to connect parts of a
broken signal line causing the signal line breaking failure, and
the thin film transistor in the pixel region as the repair region
is disabled.

16. The liquid crystal display device according to claim 15,
wherein the pixel electrode in the pixel region as the repair
region has at least two welding points formed thereon, at least
one of which is positioned at one side of the breaking point
and welds a part of the broken signal line at said side of the
breaking point to the pixel electrode, and at least another one
of which is positioned at the other side of the breaking point
and welds the other part of the broken signal line at the other
side of the breaking point to the pixel electrode, thereby two
parts of the broken signal line at both side of the breaking
point are connected with each other through the at least two
welding points and the pixel electrode.

17. The liquid crystal display device according to claim 15,
wherein the disabled thin film transistor includes at least a
gate electrode, a source electrode and a drain electrode, and
the thin film transistor is disabled by at least one of a cutout
formed on the gate electrode to cut off the connection
between the gate electrode and the gate line to which the gate
electrode is originally connected, a cutout formed on the gate
electrode to cut off the connection between the source elec-
trode and the data line, and a cutout formed on the gate
electrode to cut off the connection between the drain elec-
trode and the pixel electrode.

18. The liquid crystal display device according to claim 14,
wherein the broken signal line is a gate line or a storage
electrode line.



THMBW(EF)

[R50 i (% RIAR) A (i)
o (S RIA) A (i2)

S 3T H (B FIR) A (F)
HRIK A A

KA

IPCHE&

CPCH¥%k=

5648

Shapet i

BEG®)

REBERREREBEELNSGE

US20090284680A1 L

US12/427068

w
¢
&

&
G
&

o
et
&

PENG ZHILONG

PENG, ZHILONG

GO02F1/1343 GO2F1/13
G02F1/136286 G02F1/1309
200810111881.9 2008-05-16 CN

Espacenet USPTO

FEAXBHIRE-—FMEERRETEENMAESENTE , TFH 13
EMLES & LRIV BN R TRESIER LGSR B RE
FTR QAN T ESENMID FEIGENRREN , FBELH
KB ZEAEEREEENERNTREF WA BHRT -—HREE

TRE,

patsnap

NS 2009-11-19

RiFH 2009-04-21

o 5
\\§¥ \ 1‘7%// X\\ 2



https://share-analytics.zhihuiya.com/view/533169ee-6b90-4393-b570-be7ed19e334c
https://worldwide.espacenet.com/patent/search/family/041315814/publication/US2009284680A1?q=US2009284680A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090284680%22.PGNR.&OS=DN/20090284680&RS=DN/20090284680

