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7) ABSTRACT

The present invention relates to a liquid crystal display
having repair lines and methods of repairing defect in the
same. The liquid crystal display comprises a plurality of gate
lines in horizontal direction, a plurality of data lines per-
pendicular thereto, and a plurality of repair lines repeatedly
formed corresponding to a fixed number of data lines. The
repair line comprises an upper portion crossing top of the
data lines, a lower portion crossing bottom of the data lines,
and a middle portion which is parallel to the data line
connecting the upper and the lower portions. A repair line is
formed repeatedly for each data-line block which consists of
data lines 1n any multiples of three. Under the above wiring
structure, a disconnected data line is repaired by shorting the
crossing points of the data line and the repair line corre-
sponding to the data-line block of the disconnected data line.

98]
o

o
~J
()
o)
-
0

612222 _ 360%

CoZzzz

GCatzzz

Ge A

Gs ZZ4——113550

Ge 2273

G722

.

Gn 22

300b




Patent Application Publication Jan. 22,2004 Sheet 1 of 17 US 2004/0012727 A1

FIG.1
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FIG.2
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LIQUID CRYSTAL DISPLAY HAVING REPAIR
LINES AND METHODS OF REPAIRING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a divisional of application Ser. No. 09/981,
892, filed Oct. 19, 2001; which is a divisional of application
Ser. No. 09/442,005, filed Nov. 17, 1999, and now U.S. Pat.
No. 6,317,176; which is a divisional of application Ser. No.
08/895,447, filed Jul. 16, 1997, and now U.S. Pat. No.
6,317,176.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display and, more particularly, a liquid crystal display hav-
ing repair lines and methods of repairing a defect thereof.

[0003] The liquid-crystal display (LCD) is a device com-
prising a thin film transistor substrate, a color filter substrate,
and liquid crystals inserted between the two, whereby the
electro-optical effects of the inserted liquid crystals are used
for display purposes.

[0004] The display method above may use simple matrix
method or active matrix method. For LCDs using the active
matrix method, thin film transistors (TFT) are generally used
as switching devices for controlling operation of each pixel,
and the TFT substrate of such LCDs comprises TFTs, pixel
electrodes, gate lines for applying signals to pixels aligned
in matrix formation, and data lines for applying picture
signals.

[0005] When a data line of the active matrix LCD is
disconnected or defective (hereinafter “disconnection” will
be used to refer to either a disconnection or defect in a data
line), the disconnection can be repaired by using lines within
the unit pixel or using repair lines placed outside of the
substrate of LCD. Under the former method, one must first
locate the disconnected data line and then find the point of
disconnection on the data line. However, it is difficult to find
the point of disconnection and the repair becomes impos-
sible when the disconnection occurs over two or more
pixels.

[0006] Under the latter method, it is only required to locate
the disconnected data line and there is no need to find the
point of disconnection. Then only the crossing points of the
disconnected data line and the repair line has to be shorted
by laser, allowing for a much simpler repairing method.

[0007] From this point, the wiring structure of TFT sub-
strate of conventional LCD and its disconnection repairing
method shall be explained in detail. FIG. 1 is a wiring
structure of conventional TFT substrate having two repair
lines in the shape of a closed loop. As shown, a plurality of
gate lines (G,~G,) are arranged in horizontal direction, and
a plurality of data lines (D;~D,,) are arranged in vertical
direction, and each of gate lines and data lines has an input
pad on one end. A pixel is defined by the gate line and the
data line. An active area consists of all the pixels.

[0008] On the outside of the active area 50 having (nxm)
number of pixels, two repair lines 100, 200 form two closed
loop, each overlapping all data lines and gate lines at two
points.
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[0009] FIG. 2 illustrates a repairing method of the TFT
substrate shown in FIG. 1. Suppose data line D, and data
line D, are disconnected at point a and point b, respectively.
The data line D, may be repaired by shorting its two crossing
points a,, a, with the repair line 100 and disconnecting two
points marked //, of the repair line 100 with laser so that
picture signals could flow through the shorter path. In this
way, a picture signal is sent to the disconnected point a of the
data line D, by path P, from the top, and the signal is sent
to the remaining portion of the data line D, by path P;".

[0010] Then the data line D, may be repaired by shorting
its two crossing points b,, b, with the repair line 200 and
disconnecting two points of the data line D, marked by //, of
the repair line 200 with laser. In this way picture signals as
with before are sent to the disconnected point b from top by
path P., and the signal is sent to the remaining portion of the
data line D, below the disconnection by path P,".

[0011] However, the TFT substrate having repair lines
outside of the active area in closed loops would experience
substantial electrical resistance when repairing a discon-
nected data line in the middle of active area since the signal
path for sending signals. to the data line below the discon-
nection becomes quite lengthy. In addition to large resis-
tance, there would be a substantial parasitic capacitance
increase since the repair line overlaps numerous data and
gate lines, resulting in increase of RC delay and signal
distortion.

[0012] Therefore, the conventional repair line structure
above is not suitable for a large LCD with many data lines
and gate lines. It is also inconvenient since it involves an
additional step of disconnecting the repair line to guide the
flow of signals through the shorter path around the repair
line, as well as a step of shorting the crossing points of the
repair line and the disconnected data line. Moreover, the
most data lines that could be repaired are limited to four.

SUMMARY OF THE INVENTION

[0013] An object of the present invention is to solve the
problems associated with the conventional repair wire line
structure by repeatedly forming a repair line for each of a
predetermined number of data lines, thereby minimizing the
increase of RC delay resulting from the repair and making
data line repair easy.

[0014] Accordingly, a liquid crystal display according to
the present invention comprises: a plurality of gate lines
arranged in horizontal direction; a plurality of data lines
arranged perpendicular thereto; a plurality of repair lines
formed repeatedly for each of a predetermined number of
data lines, the repair lines crossing the gate lines in the active
area.

[0015] According to a one preferred embodiment of the
present invention, the repair line comprises an upper portion
crossing top of the data lines, a lower portion crossing
bottom of the data lines, and a middle portion which is
parallel to the data line connects the upper and the lower
portions. A repair line is formed repeatedly for each data-line
block including data lines in any multiple of three. A
disconnected data line is repaired by shorting the crossing
points of the data line and the repair line corresponding to
the data-line block of the disconnected data line, making its
repair procedure simpler and resulting in shorter signal path
after the repair in comparison to the conventional repair
method.
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[0016] Another preferred embodiment of the present
invention is directed to eliminating a problem of noticeable
pixel brightness difference resulting after the repair with
respect to green data line. The middle portion of the repair
line is formed adjacent to the green data line and they are
connected at one or more points to minimize the generation
of RC delay due to the repair so that difference in green pixel
brightness would not be noticed.

[0017] In another preferred embodiment of the present
invention in connection with a liquid crystal display having
duplicate gate lines, a repair line includes only a middle
portion which is placed parallel to the data lines and sec-
ondary gate lines serve as the upper and lower portions of
the repair line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The forgoing and other objects, features and advan-
tages of the present invention will become more readily
apparent from the following detailed description of preferred
embodiments of the present invention which proceeds with
reference to the accompanying drawings, wherein:

[0019] FIG. 1 is a wiring structure of a conventional TFT
substrate having two repair lines formed in closed loops;

[0020] FIG. 2 illustrates repairing method of the TFT
substrate shown in FIG. 1,

[0021] FIGS. 3 to 8 show the wiring structure of TFT LCD
according to a first preferred embodiment of the present
invention;

[0022] FIG. 9 illustrates repairing method of a discon-
nected data line in the TFT substrate of FIG. 6;

[0023] FIG. 10 shows the wiring structure of TFT LCD
according to a second preferred embodiment of the present
invention;

[0024] FIGS. 11 and 12 illustrate repairing method of a
disconnected green and red data lines of FIG. 10,

[0025] FIGS. 13 and 14 show equivalent circuits which
represent electrical resistance and parasitic capacitance
resulting from the electrical lines of TFT LCD according to
the first and second preferred embodiment of the present
invention;

[0026] FIG. 15 illustrates a repairing method of a discon-
nected data line of TFT LCD having duplicate gate lines
according to a third preferred embodiment of the present
invention;

[0027] FIGS. 16 and 17 illustrate a repairing method of a
disconnected data line of TFT LCD having duplicate gate
lines and repair lines parallel with data lines according to a
fourth preferred embodiment of the present invention; and

[0028] FIG. 18 shows a wiring structure of an LCD
having duplicate gate lines and connections according to a
fifth preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] FIGS. 3 to 8 shows the wiring structure of TFT
LCD according to a first preferred embodiment of the
present invention. As shown, a plurality of gate lines
(G,~G,) are arranged in parallel to each other in horizontal
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direction, and a plurality of data lines (D;~D,,) are arranged
perpendicular thereto. Input pads 1, 2 which receives elec-
trical signals from external source are connected to one end
of the gate lines and data lines. A plurality of repair lines 300
for repairing disconnected data lines are formed wherein
each repair line 300 corresponds to each data-line block
(B;~B,). The data-line block comprises three data lines,
whereby all data lines within a data-line block overlap with
the corresponding repair line 300.

[0030] The repair line 300 comprises a first horizontal
portion 300z which transverses the upper end of the data
lines whereto the input pads 2 is connected, a second
horizontal portion 300b which transverses the other end of
the data lines, and a vertical portion 300c¢, formed in parallel
to the data lines, which connects the first horizontal portion
3004 and the second horizontal portion 300b. The vertical
portion 300c transverses the gate lines in the active area, and
is placed adjacent to the data line of the data-line block to
which it correspond.

[0031] In FIGS. 3 to 5, the first and second horizontal
portions 300a, 3005 transverse only the three data lines
within a data-line block.

[0032] In FIGS. 3 and 4, the vertical portion 300c¢ is
placed between two data-line blocks. In FIG. 3, the vertical
portion 300c connects the right ends of the first horizontal
portion. 300a and the second horizontal portion 3005. In
FIG. 4, on the other hand, the vertical portion 300c connects
the left ends of the first horizontal portion 300a and the
second horizontal portion 3005.

[0033] The vertical portion 300c may also be placed
within a data-line block, i.e., betveen the data lines of a
data-line block. As an example, the vertical portion 300c is
placed betveen the first and the second data lines in FIG. 5.

[0034] FIGS. 6 to 8 illustrate the TFT substrate wherein
the first horizontal portion 300a and the second horizontal
portion 3005 of the repair line 300 transverse the data lines
(six data lines) of two adjacent data-line blocks. Each data
line is crossed by two repair lines 300. The first and second
horizontal portions 300a, 3005 of one of the repair line 300
cross the data lines from inside, and the first and second
horizontal portions 300a, 3005 of the other repair line cross
the data line from outside.

[0035] In FIGS. 6 and 7, the vertical portion 300c¢ is
placed between two data-line blocks. In FIG. 6, the vertical
portion 300c is connected to one end of the first horizontal
portion 3004 and the second horizontal portion 3005. In
FIG. 7, the vertical portion 300c connects to the middle of
the first horizontal portion 300a and the second horizontal
portion 3005b.

[0036] On the other hand, a first embodiment of the
present invention illustrated in FIG. 8 shows that the vertical
portion 300c is placed within one of its two corresponding
data-line block.

[0037] In addition, the present invention may also be
worked by increasing the size of a data-line block from three
to six data lines. The wiring structure would remain the same
as shown in FIGS. 3 to 8, except the number of data lines in
a data-line block would be increased accordingly, whereby
the first and second horizontal portions 300a, 30056 each



US 2004/0012727 Al

cross six data lines or twelve data lines, depending on the
particular type of embodiment being worked.

[0038] Hereinafter, for FIGS. 3 to 5, a repair line which
crosses data lines will be referred as the repair line of the
data-line block to which the crossed data lines belong, and
for FIGS. 6 to 8, a repair line which crosses data lines from
inside will be referred as the repair line of the data-line block
to which the crossed data lines belong.

[0039] FIG. 9 illustrates a repairing method of the TFT
substrate of FIG. 6. As shown, suppose that the data lines
D,, D, of the first data-line block B, are disconnected. In
order to repair the data line D,, the crossing points c,, ¢, of
the data line D, and the repair line of the first data-line block
are shorted (A) with laser. As a result, picture signals are
sent from the input pad 2 to the disconnection ¢ by path P,
and sent to the remaining portion below the disconnection ¢
by path P1'.

[0040] Next in order to repair the data line D,, the crossing
points d;, d, of the data line D, and the repair line of the
second data-line block are shorted (A) with laser. As a result,
picture signals are sent from the input pad 2 to the discon-
nection d by path P, and sent to the remaining portion below
the disconnection d by path P,".

[0041] As illustrated, the repair signal path for sending
picture signals to a disconnected data line would be shorter
than that of the conventional repair line structure, irrespec-
tive of where the disconnection occurs if the above repair
line structure is used.

[0042] Moreover, in comparison to the conventional repair
line structure in the form of a closed loop which allows for
repairing of only four data lines, many more repairs may be
made under the present invention since a plurality of repair
lines are formed repeatedly on the TFT substrate. Further,
since the repair lines under the present invention has an
opening on one side in contrast to a closed loop, the only
necessary repairing step is to short the two crossing points
of the repair line and the disconnected data line. There is no
need for an additional step of disconnecting one side of the
repair line to direct the flow of signal to one path.

[0043] The above repairing method also applies to an
embodiment of the present invention wherein the horizontal
portions of a repair line cross six data lines.

[0044] With respect to the first preferred embodiment, the
signal path after the repair is substantially longer than the
signal path before the repair; consequently, RC delay result-
ing from the resistance and capacitance after the repair is
greater than that before the repair. Therefore, the pixel
brightness varies slightly after the repair. This slight differ-
ence in pixel brightness does not pose a problem in con-
nection with repairing of red and blue data lines, but this is
not the case when a green data line is repaired since human
eyes are much more sensitive to the wave length of the green
light (550 nm) than that of other lights.

[0045] That is, suppose red, blue, and green data lines each
are disconnected at the same location and repaired according
to the first preferred embodiment. The repaired data lines
each would have identical RC delay value resulting from
resistance and capacitance generated from the signal path
after the repair and would have identical difference in pixel
brightness. However, one would not notice the difference in
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pixel brightness of the repaired red data line and the repaired
blue data line, but would notice the difference in pixel
brightness of the repaired green data line.

[0046] The second first preferred embodiment of the
present invention concerns minimizing the difference in
pixel brightness of green data line. FIG. 10 illustrates the
wiring structure of the second first preferred embodiment. In
FIG. 10, data lines are arranged repeatedly in order of blue,
red, green data lines from the left, and the vertical portion
300c¢ of the repair line 300 is placed on the right side of the
green data line. The vertical portion 300c¢ is connected to the
mid-point of the green data line. The connection (m;~m;) as
should be explained hereinafter reduces resistance and para-
sitic capacitance resulting from the data line repair, thereby
difference in green light brightness is minimized after the
repair.

[0047] The modification of adding a connection between
the green data line and the vertical portion 300c may be
made on any of the embodiments illustrated in FIGS. 3 to 8.

[0048] FIGS. 11 and 12 illustrate a repairing method of
the TFT substrate having connections m;~m; between the
vertical portions 300¢ and the green data lines. More spe-
cifically, FIG. 11 illustrates repairing method when the
green data line D, is disconnected, and FIG. 12 illustrates
repairing method when the red data line D, is disconnected.

[0049] As shown in FIG. 11, when the green data line D,
is disconnected, the crossing points €, €,, of the green data
line D and its repair line 300 are shorted (A) with laser. As
a result, picture signals are sent directly to the disconnection
e from the input pad 2, and to the data line below the
disconnection ¢ by means of the repair line 300 and the
connection ml.

[0050] As shown in FIG. 12, when a red data line is
disconnected, the connection of its repair line is located and
disconnected with laser. Then the crossing points f;, f, of the
red data line and its repair lines are shorted (A) with laser.
As a result, picture signals are sent directly to the discon-
nection f of the red data line from the input pad 2, and to the
data line below the disconnection f by means of the repair
line 300. Although the above method concerns repairing of
a disconnected red data line, similar method may be used for
repairing of a disconnected blue data line.

[0051] The effectiveness of adding the connections m ,~m;
will be explained below by comparing resistance and capaci-
tance resulting from repairing a disconnected green data line
under two different embodiments, one including the con-
nections m,~m, and the other without it.

[0052] FIGS. 13 and 14 shows equivalent circuits of
resistance and capacitance appearing on a data line repaired
according to the first and second first preferred embodi-
ments, wherein the disconnection had occurred nearby the
input pad 2.

[0053] Suppose a disconnected green data line is being
repaired. The picture signal being sent to the portion of the
green data line below the disconnection would experience
resistance resulting from the paths of the data line and the
repair line and would experience parasitic capacitance
resulting from overlap of the repair and data lines with the
gate lines. The resulting resistance and parasitic capacitance
are illustrated in FIGS. 13 and 14. A node 1 on the first
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horizontal portion and a node n on the second horizontal
portion are the crossing points of the disconnected data line
and its repair line, and nodes i;, i, are mid-points of the
vertical portion 300c and the disconnected data line, respec-
tively, and a node o is the disconnection point.

[0054] Since the disconnection is assumed to have
occurred very close to the input pad, the length from the
input pad 2 to the mid-point of the repair line is almost the
same as the length from the disconnection to the mid-point
of the disconnected data line, as with the number of gate
lines overlapped by the respective path.

[0055] Assuming that the data line and the repair line are
both made of the same material and have the same cross
sectional dimensions, it may be assumed that the resistance
and the parasitic capacitance between the nodes 1 and 1, are
the same as those betveen the nodes o and i,, and the
resistance and the parasitic capacitance between the nodes il
and n are the same as those between the nodes i, and n.

[0056] However, this is not entirely true because there is
a TFT on the crossing point of the data line and the gate line
unlike in the overlap of the repair line and the gate line,
resulting in formation of parasitic capacitance in the former
overlap. Therefore, in reality total parasitic capacitance
generated between the nodes o and n is greater than that
generated between the nodes 1 and n.

[0057] With this in mind, the resistance and capacitance
values in the nodes may be denoted as follows. When the
resistance between the nodes o and 1, and between the nodes
1, to n are denoted as R, and R,, respectively, the resistance
between the nodes 1 and i; and between the nodes 1, and n
may be denoted as R, and R,, respectively. When the
parasitic capacitance between the nodes o and i, and
between the nodes i, and n are denoted as C; and C,,
respectively, the parasitic capacitance between the nodes 1
and i, and between the nodes i; and n may be denoted as kC,
and kC,, respectively, where k is a constant less than 1
inserted to offset the lower parasitic capacitance generated
by the repair line relative to the data line.

[0058] In the equivalent circuit of FIG. 13, the total RC
delay resulting from transmittal of signals from node G to
node O is accumulation of RC delay resulting from (R;x
kC,), (RyxkC,), (R,xC,), and (R;xC,).

[0059] In comparison, in the equivalent circuit of FIG. 14
wherein in the connection m, is inserted between the repair
line and the data line, the total RC delay resulting from
transmittal of signal from node G to node O is accumulation
of RC delay resulting from (R;xkC)) and (R,xC,). There-
fore, the total RC delay value according to the second first
preferred embodiment is much less than that of the first
preferred embodiment.

[0060] Morcover, if connections are added at the upper
and lower parts of the green data line and the repair line in
addition to the connection m; at the mid-point, there is no
need to repair a green data line when a disconnection results
thereon.

[0061] FIG. 15 illustrates a third first preferred embodi-
ment of the present invention on repairing method of a
disconnected data line in the TFT substrate having duplicate
gate lines. The duplicate gate line comprises a primary
branch which forms a plurality of the gate electrodes of TFT
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transistors, and a secondary branch which is connected to the
primary branch. With respect to such TFT substrates, the
technique of the second first preferred embodiment may be
worked without inserting a connection between the green
data line and the repair line. The structure of the repair line
illustrated in FIG. 15 is the same as that illustrated in FIG.
5. The first data line in each data-line block is a green data
line.

[0062] Assume a green data line is disconnected. In order
to repair the green data line, the crossing point g, of the first
horizontal line 300z and the green data line and the crossing
point g, of the second horizontal line 300b and the green
data line are shorted (A) with laser. The crossing point g, of
the secondary branch G, and the green data line, and the
crossing point g, of the secondary branch G, located at the
middle of the active region and the vertical portion 300c¢ of
the repair line 300 are shorted (A) with laser. Then points //
outside nodes g, and g, are disconnected with laser in order
prevent gate line signals from being applied to the green data
line. Nodes g, and g, performs the same function as the
connection m; of the second first preferred embodiment.
Although the third first preferred embodiment used a sec-
ondary branch G, located at the middle of the active region
in place of the connection m,, the repair according to the
third first preferred embodiment may be performed by using
a secondary branch G, located at places other than at the
middle of the active region.

[0063] On the other hand, instead of using repair lines
having two horizontal portions and a vertical portion, it is
possible to use repair lines having only a vertical portion,
i.e., a portion which is parallel to data lines, in a TFT
substrate having duplicate of gate lines. Note the vertical
portion itself comprises the entire repair line.

[0064] FIG. 16 shows the fourth first preferred embodi-
ment of the present invention having such a wiring structure.
A repair line 310 is placed parallel to data lines and adjacent
to a green data line.

[0065] Assume that the green data line is disconnected and
the exact location of the point of disconnection is not known.
The green data line may be repaired as follows. First, the
secondary branch G, of the uppermost gate line G, the
secondary branch G, of the central gate line G, the second-
ary branch G, of the lowermost gate line G, are shorted (A)
with laser on their crossing points with the disconnected
green data line and the repair line 310 adjacent thereto, i.c.,
the points hy, h,, h;, h, hs, and h,. The points h-, hg, hg, h,,,
hy;, hy, outside the shorted portions of the secondary
branches G, are disconnected. As a result, the shorted portion
h; and h, and the shorted portion h; and h, functions as the
horizontal portions 3004, 3005 of the repair line in FIG. 15,
and the shorted portion hs and h, functions as the connection
m, in FIG. 12.

[0066] The above method may be used to repair discon-
nected red and blue data lines as well. Although FIG. 16
illustrated use of the secondary branch G, of the central gate
line G,, it is possible to use secondary branch G, of other gate
lines to function as the connection between the disconnected
data line and the repair line.

[0067] If the point of disconnection is known, the increase
of RC delay resulting from repair may be reduced even more
by using the following method. As shown in FIG. 17,
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assume the point of disconnection j is betveen the gate line
G;_, and G;. The secondary branches G, of gate lines G;_,,
G, are shorted (A) at the crossing points with the discon-
nected green date line and the repair line 310 adjacent
thereto, i.e., the points j,,]., j5 and j,. The points outside js,
Js> ] ] Of the shorted portions of the secondary branches G,
are disconnected with laser. Also the points outside jg, j;o tO
the shorted portions j,, j, of the repair line 310 are discon-
nected with laser as well. As can be seen, the length of signal
path after the repair is minimized and thus RC delay also is
minimized.

[0068] On the other hand, by adding an additional con-
nection to the third and fourth first preferred embodiments,
a disconnected primary gate G, may be repaired by sending
gate signals through the additional connection and a sec-
ondary gate line G,. FIG. 18 illustrates such a means of
repair according to a fifth preferred first preferred embodi-
ment of the present invention.

[0069] In FIG. 18, which shows duplicate gate lines of
primary gate lines G_, and a secondary gate line G, the
upper part and the lower part of a first connection 320
overlaps a data line 10 and connects to a secondary gate line
G,, respectively, and a second connection 330 connects to a
primary gate line G_, and the upper part of the first connec-
tion 320. Each of the second connection 330 is formed for
a predetermined number of pixels. The primary gate line G_,,
the secondary gate line G,, the first connection 320, and the
second connection 330 are formed on the same layer.

[0070] The gate lines above are covered with a gate
insulator (not shown) which is in turn covered with a
semiconductor layer 20, which is comprised of an amor-
phous silicon layer and a highly-doped amorphous silicon
layer. A source electrode 11, a drain electrode 12, and a data
line 10 are formed on the same layer over the semiconductor
layer 20. A data repair line 310 is formed for a predetermined
number of pixels in parallel to the data line 10. A protective
layer (not shown) is placed over the layer above. A contact
hole 30 is formed on the protective layer on top of the drain
electrode 12. A pixel electrode overlaps on top of the first
connection 320 and the primary and secondary lines G, and
G, and connects to the drain electrode 12 through the contact
hole 30. Storage capacitance is generated at a point where
the pixel electrode 40 overlaps the first connection 320 and
the primary and secondary gate lines G, and. G,.

[0071] The data repair line 310 is for repairing a discon-
nected data line as shown in FIGS. 16 and 17. For example,
suppose a data line 10 is disconnected at point k. The
secondary gate lines G, on above and below point k are
shorted on the overlapping points k;, k5, ks, and k, with the
disconnected data line 10 and a data repair line in close
proximity to point k. Then parts outside of the shorted
secondary gate lines G, defined between the shorted points
are disconnected at points ks, k,, k, and kg. As a result, data
signals are sent below the disconnected point k; through the
data repair line 320.

[0072] The first and second connections 320 and 330 are
for repairing a disconnected primary gate line G,. When a
primary gate line G, is disconnected, gate signals are sent by
detour rout through the first connection 320, the second
connection 330, and the secondary gate line G,

[0073] Although the data repair line 310 and the second
connection 330 are formed for a plurality of pixels in FIG.
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18, they may be formed each for a single pixel. Where they
are formed each for a plurality of pixels, they should be each
formed for a unit. Preferably, pixels should be grouped in
units of three: red, green, and blue pixels. In particular, the
data repair line 310 should be placed adjacent to a green data
line as described in the third and fourth preferred embodi-
ments of the present invention.

[0074] Although FIG. 18 does not have the second con-
nection 330 overlapped with the pixel electrode 40, they
may be arranged to be overlapped with each other and
generate storage capacitance.

[0075] As described above, by repairing a disconnected
data line according to the preferred embodiments of the
present invention, the data repair lines may be shortened,
which reduces electrical resistance and parasitic capaci-
tance, thus minimizing picture signal distortion. Also, the
present invention allows for repairing almost all data lines.
Furthermore, the repairing process of a disconnected data
line is substantially simplified by merely shortening two
points on the data line without the disconnecting process if
a data repair line has one side open according to an embodi-
ment of the present invention.

What is claimed is:
1. A liquid crystal display panel having an active area,
comprising:

a plurality of gate lines formed on a substrate in one
direction;

a plurality of data lines crossing the gate lines; and

a plurality of repair lines crossing a predetermined num-
ber of the data lines twice and crossing the gate lines in
the active area.

2. The liquid crystal display panel as recited in claim 1,
the repair lines comprising a first portion which crosses one
end of the predetermined number of the data lines, a second
portion which crosses the other end of the predetermined
number of the data lines, and a third portion which connects
the first and second portions together and which crosses the
gate lines in the active area.

3. A liquid crystal display panel having an active area,
comprising:

a plurality of gate lines formed on the substrate in
horizontal direction;

a plurality of data-line blocks, each including at least one
of data lines which are formed on the substrate in
vertical direction crossing the gate lines; and

a plurality of repair lines crossing the data lines of a
data-line block twice and crossing the gate lines in the
active area, wherein a repair line is formed for each
data-line block.

4. The of liquid crystal display panel as recited in claim
3, wherein all the data lines of the data-line block cross twice
at least one of the repair lines.

5. The liquid crystal display panel as recited in claim 4,
the repair line comprising a first portion which crosses one
end of the data lines, a second portion which crosses the
other end of the data lines, and a third portion which
connects the first and second portions together and which
crosses the gate lines in the active area.

6. The liquid crystal display panel as recited in claim 5,
wherein the third portion of the repair line which crosses the
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data lines of a data-line block is placed in close proximity to
one of the data lines of the data-line block.

7. The liquid crystal display panel as recited in claim 6,
wherein the third portion of the repair line which crosses the
data lines of the data-line block is placed in between two of
the data lines of the data-line block.

8. The liquid crystal display panel as recited in claim 5,
wherein the first and second portions of the repair line which
cross the data lines of a data-line block cross twice the data
lines of an adjacent data-line block adjacent to the data-line
block.

9. The liquid crystal display panel as recited in claim 8,
wherein one of the two repair lines crossing the data lines of
a data-line block crosses the data lines from inside of the
other repair line, and the former repair line crosses the data
lines of an adjacent data-line block adjacent to the data-line
block from outside of another repair line crossing the data
lines of the adjacent data-line block.

10. The liquid crystal display panel as recited in claim 5,
wherein a data-line block has three data lines.

11. The liquid crystal display panel as recited in claim 10,
wherein the three data lines in a data-line block are red,
green, and blue data lines, respectively.

12. The liquid crystal display panel as recited in claim 11,
wherein the third portion of the repair line is placed adjacent
to the green data line of the data-line block.

13. The liquid crystal display panel as recited in claim 12,
further comprising a first connection connecting the green
data line and the third portion of the repair line.

14. The liquid crystal display panel as recited in claim 13,
wherein the first connection connects the mid-points of the
third portion of the repair line and the green data line.

15. The of liquid crystal display panel as recited in claim
14, further comprising a second connection connecting the
upper parts of the third portion of the repair line and the
green data line and a third connection connecting the lower
parts of the third portion of the repair line and the green data
line.

16. A method of repairing data lines of a liquid crystal
display having a plurality of gate lines in one direction and
a plurality of data lines crossing the gate lines in an active
area of the liquid crystal display, comprising the steps of:

forming a plurality of repair lines, each crossing both ends
of at least one of the data lines and crossing the gate
lines in the active area; and

shorting the crossing points of the repair line and a

first-disconnected data line.

17. The method as recited in claim 16, wherein the data
lines are grouped into the data-line blocks having at least one
data line, and all data lines of a first data-line block are
crossed by a first repair line and by a second repair line
which crosses all the data lines of a second data-line block
adjacent to the first data-line block.

18. The method as recited in claim 17, further comprising
the step of: shorting the crossing point of the second repair
line and a second-disconnected data line of the first data-line
block including the first disconnected data line shorted to the
first repair line.

19. The method as recited in claim 16, wherein the data
lines include red, green, and blue data lines; and further
comprising the step of forming a connection between the
green data line and the repair line.
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20. The method as recited in claim 19, further comprising
the step of disconnecting the connection when the first
disconnected data line is the red or blue data line for
transmitting red or blue picture signals.

21. A method of repairing data lines of liquid crystal
display having a plurality of duplicate gate lines including
primary and secondary gate lines, and data lines crossing the
duplicate gate lines, comprising the steps of:

forming a plurality of repair lines each of which cross
both ends of at least one of the data lines and cross the
duplicate gate lines in the active area;

shorting a first and a second crossing points of a discon-
nected data line and the repair line;

shorting a third crossing point of the secondary gate line
and the disconnected data line and a fourth crossing
point of the secondary gate line and the repair line
shorted to the disconnected data line; and

separating a portion of the secondary gate line betveen the
third crossing point and the fourth crossing point from
the rest of the secondary gate line.

22. The method as recited in claim 21, wherein the
disconnected data line is a line for transmitting green picture
signal.

23. The method of repairing of data line as recited in claim
21, wherein the primary gate lines are connected to switch-
ing devices.

24. A method of repairing a data line of liquid crystal
display having a plurality of duplicate gate lines including
primary and secondary gate lines, and a plurality of data
lines crossing the duplicate gate lines, comprising the steps
of:

forming a plurality of repair lines which are parallel to the
data lines and cross the duplicate gate lines,

shorting a first-upper, a first-middle, and a first-lower
crossing points between a disconnected data line and
three of the secondary gate lines;

shorting a second-upper, a second-middle, a second-lower
crossing points between the repair line and the second-
ary gate lines shorted to the disconnected data line; and

separating portions of the secondary gate lines defined by
the crossing points of the first-upper and the second-
upper points, the first-middle and the second-middle
points, and the first-lower and the second-lower points,
from other portions of the secondary gate lines.

25. The method as recited in claim 24, wherein each repair
line is formed adjacent to a data line transmitting green
picture signals.

26. The method as recited in claim 25, wherein the
first-upper and the second-upper crossing points are on the
uppermost secondary gate line, and the first-lower and the
second-lower crossing points are on the lowermost second-
ary gate line.

27. The method as recited in claim 26, wherein the
first-middle and the second-middle crossing points are on
the secondary gate line in the middle.

28. A method of repairing a data line of liquid crystal
display having a plurality of duplicate gate lines including a
primary gate line and a secondary gate line, and a plurality
of data lines crossing the duplicate gate lines, comprising the
steps of:
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forming a plurality of repair lines which are parallel to the
data lines and cross the duplicate gate lines;

shorting a first-above crossing point between a discon-
nected data line and a secondary gate line above the
point of disconnection and a first-below crossing point
between the disconnected data line and a secondary
gate below the point of disconnection;

shorting a second-above crossing point between the repair
line and the secondary gate line above the point of
disconnection and a second-below crossing point
between the repair line and the secondary gate line
below the point of disconnection;

separating portions of the secondary gate lines defined by
the crossing points of the first-above and the second-
above points and the first-below and the second-below
points, from other portions of the secondary gate lines;
and

separating a portion of the repair line defined by the
crossing points of the second-above points and the
second-below points from other portions of the repair
line.

29. The method of repairing a data line as recited in claim

28, wherein each repair line is placed adjacent to a green
data line.

30. A liquid crystal display, comprising:

a plurality of duplicate gate lines, each having a primary
gate line and a secondary gate line;

aplurality of data lines that are insulated from the primary
and the secondary gate lines and cross the primary and
secondary gate lines;

a plurality of connections connecting the primary gate
lines and the secondary gate lines; and

a plurality of repair data lines that are arranged in parallel
to the data line and that cross the duplicate gate lines.
31. Aliquid crystal display, as recited in claim 30, wherein

a predetermined number of pixels are grouped in a pixel unit
and the connection is formed each for the pixel unit.

32. Aliquid crystal display as recited in claim 31, wherein

the pixel unit includes a red pixel, a blue pixel, and a green
pixel.
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33. Aliquid crystal display as recited in claim 30, wherein
the connection overlaps with the pixel electrode and gener-
ates storage capacitance.

34. Aliquid crystal display as recited in claim 30, wherein
a predetermined number of pixels are grouped into a pixel
unit and the data repair line is formed each for a pixel unit.

35. Aliquid crystal display as recited in claim 34, wherein
the data repair line is placed adjacent to a green data line.

36. (new): A thin film transistor substrate comprising:

an insulating substrate;

a first signal line including a gate electrode and formed on
the insulating substrate;

a second signal line formed on the insulating substrate;

a gate insulating layer covering the first and the second
signal lines;

a semiconductor layer formed on the gate insulating layer;

a third signal line interposing the first and the second
signal lines;

a drain electrode and a source electrode formed on the
semiconductor layer, wherein the third signal line is
connected to the drain electrode;

a protective layer having a contact hole exposing the drain
electrode, wherein the contact hole is located over the
second signal line; and

a pixel electrode connected to the drain electrode through
the contact hole.

37. (new): The thin film resistor of claim 36, wherein the
pixel electrode overlaps the first and the second signal lines.

38. (new): The thin film resistor of claim 36, wherein the
drain electrode is extended over the second signal line.

39. (new): The thin film resistor of claim 36, further
comprising a connection portion connected to the second
signal line.

40. (new): The thin film resistor of claim 39, wherein the
pixel electrode overlaps the connection portion.

41. (new): The thin film resistor of claim 40, wherein the
connection portion overlaps the third signal line.

* * * * *



patsnap

TREMOF) BERELNERETRSEBREBES L
[F(2E)F US20040012727A1 [ (r&)B 2004-01-22
RiES US10/619584 B H 2003-07-16

FRIEE(EFRAGR) £FRGYU
PARK WOON YONG
#JONG WOONG

BB (E R AGR) £RGYU
PARKI:YONG
#H=RWOONG

LETEHIE(ERR)A(E) ZEDISPLAY CO. , LTD.

[FRIREAA KIM DONG GYU
PARK WOON YONG
CHANG JONG WOONG

LN KIM, DONG-GYU
PARK, WOON-YONG
CHANG, JONG-WOONG

IPCH 3= G02F1/1362 G02F1/1333
CPCH %5 G02F1/136204 G02F2001/136272 G02F2001/136263
£ £ 1019960028688 1996-07-16 KR

1019970027110 1997-06-25 KR
1019970024140 1997-06-11 KR

H A 40 FF 32 US7535521

SAEBEE Espacenet USPTO

() 2o 2 (P
HREFEERTAERAS R —HEEBELN RS TEREBE S R h Rl Db
RIS % RRERBEAEATHE LS RMTL  SREENS “?? % %"'?@
KBRS URNET EEBROURLEIVANSREEL, 62 | 0
SARESHRENMBRRN LS SHRENESIRNTS , MR ooz 3000
5 BN THORRLTTHTASNS . NFEINMBEAEEY G2z '
RBEL  BBEXRGESSMBERER. ELATEENT , 2D
BIREMELN XX AASWTFORRLNRELAN MOBELR  Csezz

BEWT RS, cszzz— P
(Y1777 - - =

PX:

(N7,

300b


https://share-analytics.zhihuiya.com/view/08e58db6-7e75-4d6a-8a97-b8b572823748
https://worldwide.espacenet.com/patent/search/family/027349370/publication/US2004012727A1?q=US2004012727A1
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=%2220040012727%22.PGNR.&OS=DN/20040012727&RS=DN/20040012727

