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1
DISPLAY DEVICE, LIQUID CRYSTAL
DISPLAY DEVICE, AND METHOD FOR
MANUFACTURING DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to spare lines for recovery
from disconnection and a common line for the prevention of
excess current, both of which are provided in a display device.

2. Description of the Related Art

Active-matrix liquid crystal display devices, for instance,
have a plurality of data signal lines and scanning signal lines
arranged in a matrix pattern, together with thin-film transis-
tors and pixel electrodes connected to the transistors in the
vicinity of intersection points of the data signal lines and the
scanning signal lines. Display screen images are displayed by
changing the status of orientation of liquid crystal upon feed-
ing signal potential to the pixel electrodes through the data
signal lines under on/off control of the thin-film transistors
through the scanning signal lines.

Recently, in response to aneed for better quality of display
images, the width of the data signal lines has become
extremely narrow, namely, less than 10 um, and in actual
instance, 6 um. As a result, breaks tend to occur in a manu-
facturing process. For instance, dust getting in during film
formation and only a pinhole appearing on a resist mask
during etching result in breaks. Such breaks in the data signal
lines cause black lines in normally black mode or bright lines
in normally white mode on a screen because proper signal
potential cannot be fed to the pixel electrodes located behind
the breaks. Thus, a critical defect in the quality of display
images arises.

As a solution for recovery from such disconnection, the
following method has been suggested. That is to say, spare
lines are provided so as to extend from the vicinity of the
signal input-side ends of data signal lines toward the vicinity
of the opposite ends (i.e., below a display area), passing
through an external substrate of a panel. The end of a line part
behind a break in the data signal line is connected to the spare
line by laser melting, so that signals can be supplied to the line
part behind the break. According to the method above, the
spare lines are formed in advance in a pattern as illustrated in
FIG. 7 below the display area (i.e. in a lower area of the panel),
so that the broken data signal line is connected to one of the
spare lines for recovery from defects.

With regard especially to large-size display devices such as
televisions and monitors, a spare line is wide, and a line part
behind a connection point (an unnecessary line part) is long.
This increases a load on the unnecessary line part. Therefore,
as illustrated in FIG. 8, the unnecessary line parts (shaded
portions in the figure) have to be removed.

However, a wide spare line is not easy to cut by laser
cutting, for instance. This gives rise to the problem that cut-
ting is laborious or proper cutting is impossible.

SUMMARY OF INVENTION

In order to solve the problems above, preferred embodi-
ments of the present invention provide a display device which
enables a signal line recover from disconnection easily and
properly.

In order to solve the problems above, a display device
according to a preferred embodiment of the present invention
which displays images with a plurality of signal lines,
includes: spare lines each being arranged to be connectable to
the signal lines directly or via a line or the like so as to be used
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for recovery of the signal lines from disconnection, wherein
each of the spare lines has constricted sections for cutting.
The signal lines may be any lines as long as they are commu-
nication paths of a display device, such as data signal lines.

According to the arrangement described above, when a
signal line has a break, for instance, a signal input-side end
and the other end (end point) of the signal line, which other
end is behind the break in relation to the signal input side, can
be connected (by melting, for instance) to the spare line. This
enables signals to be supplied to a line part behind the break
in the signal line via the spare line. In the arrangement above,
the spare line has the constricted sections for cutting. That is
to say, by cutting the spare line at its constricted section, it is
possible to easily remove a portion (a portion of the signal line
and a portion behind a connection point of the signal line and
a relay line) which is irrelevant to signal transfer through the
spare line. Thus, it is possible to recover an unusable line
portion behind the break in relation to the side of signal input,
accordingly solve display defects due to the break, and save a
lot of trouble during the recovery. The constricted sections are
preferably formed in the vicinity of the end opposite to the
signal input-side end of the signal lines.

The display device according to a preferred embodiment of
the present invention may further include relay lines each
intersecting a predetermined number of the signal lines and
intersecting any of the spare lines. According to the arrange-
ment above, the relay lines are provided between the spare
lines and the signal lines. This makes it possible to reduce
intersection points of the spare lines and the signal lines, thus
reduce adverse effect such as parasitic capacitance.

According to the arrangement above, in case there is a
broken signal line, a predetermined relay line is connected to
the signal line and a spare line. The spare line is cut at its
constricted section which is located behind a connection
point of the spare line and the relay line. By providing the
constricted section in the vicinity of (or preferably right
behind) the connection point, more unnecessary line portions
(portions irrelevant to signal transfer through the spare line)
can be removed. Thus, an unusable line portion behind a
break in relation to the side of signal input is recovered.

The display device according to a preferred embodiment of
the present invention may be arranged such that the con-
stricted sections are located between groups of one relay line
or a predetermined number of relay lines.

This makes it possible to make the intersecting (directly
connectable) point of the spare line and the relay line close to
the constricted section. Thus, it is possible to accurately
recover a line portion behind a break (an unusable line por-
tion) from disconnection by cutting more unnecessary line
portion (a portion irrelevant to signal transfer through the
spare line) off.

In order to solve the problems above, the display device
according to a preferred embodiment of the present invention
which displays images with a plurality of signal lines,
includes a common line to which an excess current flowing in
the signal lines is let out, the common line having constricted
sections for cutting.

According to the structure above, in case of a short-circuit
in a signal line and a common line for some reason, it is
possible to easily cut the common line at its constricted sec-
tion. Thus, it is possible to reduce the load of the common line
on the short-circuited signal line and also save trouble during
the cutting.

The display device according to a preferred embodiment of
the present invention is a display device having a display
section in which a plurality of data signal lines is provided,
includes a plurality of spare lines, provided around the dis-



US 8,284,141 B2

3

play section, being used for recovery of the data signal line
from disconnection, wherein a plurality of constricted sec-
tions is formed at an interval on each of the spare lines along
an edge opposite to a data input side edge of the display
section.

According to the arrangement above, when disconnection
occurs in a data signal line, an end of the data signal line is
connected to a spare line directly or via a line, and the spare
line is cut at its constricted section behind the connection
point in relation to the side of signal input. Thus, it is possible
to recover the data signal line from disconnection, to reduce a
load resulting from a portion that is irrelevant to signal trans-
fer, and to save trouble during the recovery.

The display device is preferably such that a relay line is
arranged so as to extend between two adjacent constricted
sections toward an end of the data signal line.

The display device may be arranged such that: at least one
of'the spare lines is connected to the relay line by melting; the
spare line is cut at its constricted section that is immediately
behind a connection point by melting in relation to a signal
input side; and the relay line is connected to a broken data
signal line by melting.

A liquid crystal display device according to another pre-
ferred embodiment of the present invention includes the
above display device.

In order to solve the problems above, a method for manu-
facturing a display device according to yet another preferred
embodiment of the present invention includes the steps of:
forming a spare line that is arranged to be connectable to the
signal line directly or via a relay line so as to be used for
recovery of the signal line from disconnection, and forming a
constricted section on the spare line at a position behind a
connectable point with the signal line or the relay line; check-
ing whether there is a broken signal line or not; and in a case
where there is a broken signal line, connecting the broken
signal line to the spare line, and cutting the spare line at the
constricted section.

As described above, according to the display device, when
a signal line has a break, for instance, a signal input-side end
and the other end (end point) of the signal line, which other
end is behind the break in relation to the signal input side, are
connected to the spare line. This enables signals (signal
potential) to be supplied to a line portion behind the break in
the signal line via the spare line. In the arrangement above, the
spare line has the constricted sections for cutting. That is to
say, by cutting the spare line at its constricted section, it is
possible to significantly easily remove a portion which is
irrelevant (an unnecessary line part) to signal transfer through
the spare line. Thus, it is possible to easily and properly
recover the signal lines from disconnection.

Other features, elements, processes, steps, characteristics
and advantages of the present invention will become more
apparent from the following detailed description of preferred
embodiments of the present invention with reference to the
attached drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a plan view of the arrangement of the substantial
portion (after recovery from defects) of a display device
according to a preferred embodiment of the present invention.

FIG. 2 is a plan view of the arrangement (before recovery
from defects) of a display device according to a preferred
embodiment of the present invention.

FIG. 3 is a plan view of the arrangement (after recovery
from defects) of a display device according to a preferred
embodiment of the present invention.
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4

FIG. 4 is a plan view of the arrangement of the substantial
portion (before recovery from defects) of a display device
according to a preferred embodiment of the present invention.

FIG. 5 is a plan view of the arrangement of the substantial
portion (under recovery from defects) of a display device
according to a preferred embodiment of the present invention.

FIG. 6 is a plan view of the substantial portion of another
display device according to a preferred embodiment of the
present invention.

FIG. 7 is a plan view of the arrangement of the substantial
portion (before recovery from defects) of a conventional dis-
play device.

FIG. 8 is a plan view of the arrangement of the substantial
portion (after recovery from defects) of the conventional dis-
play device.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The following will describe preferred embodiments of the
present invention with reference to FIGS. 1 to 6.

FIG. 2 illustrates the display device of the present preferred
embodiment before the recovery of lines from disconnection.
FIG. 3 illustrates the display device after the recovery of lines
from disconnection. As illustrated in FIG. 2, the display
device 1 includes a connection section 3, a panel 7, spare lines
SPL1 to SPL14, input-side relay lines RL, and non-input-side
relay lines rL. In the panel 7, a display area 10 is provided. In
the display area 10, a plurality of data signal lines is arranged
vertically in the figure; a plurality of scanning signal lines is
arranged horizontally in the figure. In the vicinity of intersec-
tion points of the data signal lines and the scanning signal
lines, thin-film transistors and pixel electrodes are provided.
However, these components are omitted in FIGS. 2 and 3. In
FIG. 3, only data signal lines S1 to S7 with breaks are illus-
trated (In FIG. 3, a symbol x represents a break). Data signals
are sent through normal data signal lines without breaks
downwards (i.e., from a data signal input side to a non-data-
signal-input side) in the figure. Scanning signals are sent
through the scanning signal lines from left to right or from
right to left in the figure. The display area 10 is divided into 14
display blocks A through N. Each of the display blocks has a
predetermined number (300 to 400) of data signal lines.

The connection section 3 is provided above the display area
10 (above the upper edge of the display area 10) and com-
posed of connection blocks a through n respectively corre-
sponding to the display blocks A through N. Each of the
connection blocks is connected to data signal lines residing in
a corresponding display block, and includes two adjacent
circuits, each of which includes one terminal and one buffer
connected to the terminal on the input side.

Each of the spare lines SPL1 through SPL.14 has an end
which is connected to the output of the buffer in the connec-
tion block. The spare lines SPL1 through SPI.14 extend along
the outer edges of the panel 7 (along the left outer edge of the
panel 7 for SPL1 through SPL7 and along the right outer edge
of'the panel 7 for SPL 7 through 14) toward an area below the
display area 10 in the panel 7 (i.e., an area outside the lower
edge of the display area 10 and a lower area of the panel). In
the area below the display area 10, the spare lines SPL1
through 14 extend in the direction along the scanning lines.
For instance, a spare line SPL2 has an end which is connected
to the outputs of buffers in a connection block b. The spare
line SPL2 extends along the left outer edge of the panel 7
toward the area below the display area 10 in the panel 7. In the
area below the display area 10, the spare line SPL2 extends in
the direction along the scanning lines. Similarly, a spare line
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SPL13 has an end which is connected to the outputs of buffers
in a connection block m. The spare line SPL13 extends along
the right outer edge of the panel 7 toward the area below the
display area 10 in the panel 7. In the area below the display
area 10, the spare line SPL13 extends in the direction along
the scanning lines. Before recovery from disconnection (FIG.
2), two spare lines (pair of SPL1 and SP1.14, pair of SPL.2 and
SPL13 .. .) coming from the both sides of the panel 7 are
connected to each other inside the area below the display area
10.

What is notable here is that each of the spare lines (SPL1
through SP1.14) has constricted sections (narrow sections) to
be cut for repairing disconnections in the area below the
display area 10 (i.e., the vicinity of the opposite side of signal
input of the data signal lines).

Input-side relay lines RL are provided between the display
area 10 and the connection section 3. That is to say, two
input-side relay lines RL extending in the direction along
scanning lines are arranged in parallel between adjacent two
display blocks and two connection blocks corresponding to
the display blocks. One input-side relay line is connected to
terminals in one connection block; the other input-side relay
line is connected to terminals in the other connection block.
With this arrangement, it is possible to recover two data signal
lines of the data signal lines residing in two display blocks
from the disconnection. That is to say, it is possible to recover
a maximum of 14 data signal lines in total from disconnec-
tion. Note that it is possible to recover two data signal lines in
one display block from disconnection. For instance, two
input-side relay lines RL1 and RL2 extending in the direction
along scanning lines are provided in parallel between adja-
cent two display blocks E and F and two connection blocks e
and f. The input-side relay line RL1 is connected to terminals
in the connection block e; the input-side relay line RL2 is
connected to terminals in the connection block f.

As illustrated in FIG. 2, non-input-side relay lines are
provided below the display blocks A through N (i.e., below
the lower edges of the display blocks). Each of the non-input-
siderelay lines preferably has the shape of a reverse ‘L..” More
specifically, one line portion of the non-input-side relay line
extends in the direction along the data signal lines, and the
other line portion faces the display blocks. The line portion
extending along the data signal lines is shorter than the other
line portion facing the display blocks although the non-input-
side relay lines are deformed in FIGS. 2, 1, 4, and other
drawings. In FIG. 2, two large non-input-side relay lines and
two small non-input-side relay lines are arranged in the direc-
tion in which scanning lines extend, such that the large one
and the small one are arranged alternately. However, the
present preferred embodiment is not limited to this arrange-
ment. Alternatively, four large non-input-side relay lines and
four small non-input-side relay lines may be arranged in the
direction in which the scanning lines extend, such that the
large one and the small one are arranged alternately.

FIG. 4 is an enlarged view of an area X illustrated in FIG.
2. As illustrated in the figure, non-input-side relay lines r[.1
through rl.4 each of which preferably has the shape of a
reverse ‘I are arranged below a display block E. The non-
input-side relay lines r[1 through r 4 are arranged in order of
the large non-input-side relay line rl.1, the small non-input-
siderelay liner[L2, the large non-input-side relay liner[.3, and
the small non-input-side relay line r[.4 in the direction in
which the scanning lines extend. As illustrated in FIG. 4, each
of the data signal lines in the display block E intersects with
a (longer) line portion of any of the non-input-side relay lines
rL1 through r[.4. The other (shorter) line portion of the non-
input-side relay line (r[.1, rL.2, rL3, and r.4) intersects with
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the seven spare lines SPL1 through SPL7 (partially illustrated
in FIG. 4) extending in the direction along the scanning lines,
as illustrated in FIGS. 2 and 4. The constricted sections w of
the spare lines SPL1 through SPL7 is formed between a
non-input-side relay line rL.4 corresponding to the block D
and the non-input-side relay line rL.1 corresponding to the
block E, between the non-input-side relay line r[.2 corre-
sponding to the block E and the non-input-side relay line r[.3
corresponding to the block E, and between the non-input-side
relay line rl.4 corresponding to the block E and a non-input-
side relay line r[.1 corresponding to the block F.

More specifically, in FIG. 2, the data signal lines in any of
display blocks A through N intersect with any of four non-
input-side relay lines corresponding to the display block.
Each of the spare lines SPL1 through SPL7 intersects with
four non-input-side relay lines corresponding to each of the
display blocks A through G. Each of the spare lines SPL8
through SPI.14 intersects with four non-input-side relay lines
corresponding to each of the display blocks H through N. At
a regular interval, the constricted sections of the spare lines
SPL1 through SPL7 are formed between a second non-input-
side relay line from the left corresponding to a display block
and a third non-input-side relay line from the left correspond-
ing to the display block, and between a fourth non-input-side
relay line from the left corresponding to the display block and
a first non-input-side relay line from the left corresponding to
its adjacent display block (on the right). This arrangement
makes the connection point of a spare line and a non-input-
side relay line close to a constricted section. Thus, more
unnecessary line portions (portions of a spare line irrelevant
to signal transfer) can be removed.

Recovery of signal lines in a wiring pattern illustrated in
FIG. 2 from disconnection is made as illustrated in FIGS. 3, 5,
and 1. The following describes how to recover broken data
signal lines S3 and S4, which is the same for other data signal
lines. The line portion of the non-input-side relay line rL.
along the data signal lines is shorter than the other line portion
although the line portions of the non-input-side relay line are
deformed in FIGS. 1, 3, and 5.

First, a broken data signal line (data signal input-side end)
and a spare line are connected through an input-side relay line
RL in an area above the display area 10 (in an area above the
upper edge of the display area 10). As for the broken data
signal line S3, for instance, the signal line S3 and an input-
side relay line RL1 are connected by laser melting. Similarly,
as for the broken data signal line S4, the signal line S4 and an
input-side relay line RL.2 are connected by laser melting.

Second, a data signal non-input-side end (endpoint) of the
broken data signal line and the spare line are connected
through a non-input-side relay line rLL in an area below the
display area 10 (in an area below the lower edge of the display
area 10). As for the broken data signal line S3, for instance, an
end point of the data signal line S3 and the longer line portion
of'a non-input-side relay line rl.2 are connected to each other
by laser melting. The shorter line portion of the non-input-
siderelay liner[.2 and a spare line SPL6 are also connected by
laser melting. As for the broken data signal line S4, an end
point of the data signal line S4 and the longer line portion of
a non-input-side relay line r[.3 are connected by laser melt-
ing. The shorter line portion of the non-input-side relay line
rL.3 and a spare line SPL5 are also connected by laser melting.

Third, the spare line connected to the broken signal line is
cut at its constricted section via a laser. For instance, the spare
line SP6 connected to the broken data signal line S3 (through
the non-input-side relay line r[.2) is cut at its constricted
section w which is located between the non-input-side relay
line r[.2 and the non-input-side relay line rL.3. The spare line
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SPL5 connected to the broken data signal line S4 (through the
non-input-side relay line r[.3) is cut at its constricted section
w which is located between a non-input-side relay line r[.4
and a non-input-side relay line r[.1 corresponding to a display
block F.

The above-described processes enable a signal potential to
be fed to a line portion behind the break in the data signal line
S3 via the input-side relay line RL1 that is one of the input-
side relay lines corresponding to the display blocks E and F,
terminals and buffers of the connection block F, the spare line
SPL6, and the non-input-side relay line r[.2. Thus, display
defects due to disconnection are solved. A signal potential is
fed to a line portion behind the break in the data signal line S4
via the input-side relay line RL2 that is one of the input-side
relay lines corresponding to the display blocks E and F, ter-
minals and buffers in the connection block e, the spare line
SPL5, and the non-input-side relay line r[.3. Thus, display
defects due to disconnection are solved.

Thus, according to various preferred embodiments of the
present invention, it is possible to easily remove a portion of
the spare line SPL which is irrelevant to signal transfer (a
portion behind the connection point of a spare line and a relay
line rL) by cutting the spare line SPL at its constricted section
w. As a result, it is possible to accurately recover portions
behind breaks in the data signal lines S1 through S7 from
disconnection and save a lot of trouble during the recovery.

The present preferred embodiment has been described with
reference to an arrangement in which the constricted sections
are formed on the spare lines which are provided for recovery
of signal lines from disconnection. However, the present pre-
ferred embodiment is not limited to this arrangement. Alter-
natively, the present preferred embodiment may include, for
example, the arrangement as illustrated in FIG. 6, i.e., the
arrangement in which constricted sections w for cutting are
provided in a common line to which an excess current fed
from the data signal lines through switching elements such as
MOS transistors (Tr) is let out.

In the event of a short circuit (leakage) in a data signal line
and a common line due to a foreign object and others, the
quality of display images degrades because the load for the
common line is applied to the data signal lines. In order to
avoid this problem, the common line is cut. However, cutting
a wide common line of a large display device or the like takes
a lot of trouble.

In view of this, it is possible to accurately repair display
defects due to the short circuit without a lot of trouble by
cutting the common line at its constricted section w illustrated
in FIG. 6.

The present invention is not limited to the description of the
preferred embodiments above, but may be altered by a skilled
person within the scope of the claims. A preferred embodi-
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ment based on a proper combination of technical means dis-
closed in different preferred embodiments described herein is
encompassed in the technical scope of the present invention.

The display device according to various preferred embodi-
ments of the present invention is suitably applicable to, for
instance, large liquid crystal display televisions and a moni-
tor.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing the scope and spirit of the present inven-
tion. The scope of the present invention, therefore, is to be
determined solely by the following claims.

What is claimed is:

1. A display device which displays images with a plurality
of signal lines, comprising:

a display area;

a plurality of signal lines; and

a common line including a plurality of narrower sections

that are narrower than another portion of the common
line, each of the plurality of narrower sections being
arranged between two of the plurality of signal lines;
wherein

at least one of the plurality of narrower sections is arranged

between two of the plurality of signal lines that are
adjacent to each other among the plurality of signal lines
outside of the display area.

2. The display device of claim 1, wherein each of the
plurality of narrower sections includes a constricted section
of the common line.

3. The display device of claim 1, wherein a sum of lengths
of'the plurality of narrower sections defines a minor portion of
a length of the common line.

4. The display device of claim 1, wherein each of the
plurality of narrower sections is arranged to be cut to recover
from a short circuit between the common line and at least one
of the plurality of signal lines.

5. The display device of claim 1, wherein the common line
intersects with but not connects to at least one of the plurality
of signal lines.

6. The display device of claim 1, further comprising:

a first switching element located between at least one of the

plurality of signal lines and the common line.

7. The display device of claim 6, wherein the first switching
element is diode-connected transistor.

8. The display device of claim 6, further comprising: a
second switching element located between at least one of the
plurality of signal lines and the common line.

9. The display device of claim 8, wherein the second
switching element is diode-connected transistor.
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