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7 ABSTRACT

Aliquid crystal display (LCD) element with a defect repair-
ing function and a defect repairing method of the same. In
an embodiment of the invention, a pixel is associated with
a plurality of scan lines and a plurality of data lines. Along
with separate spare lines, melting connection can be
obtained to form a circuit path and to compensate for broken
wires. A single pixel can also have a plurality of subpixels
with spare conduction ports and meltable joints so that
defective electrodes can be separated. The spare conduction
ports can be melted and connected so that other subpixels
support and compensate for the defective subpixel to mini-
mize pixel signal loss.

11 Claims, 11 Drawing Sheets
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LIQUID CRYSTAL DISPLAY ELEMENT
WITH A DEFECT REPAIRING FUNCTION

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a liquid crystal display
(LCD) element and, in particular, to an LCD element with a
defect repairing function. The invention also discloses a
defect repairing method.

2. Related Art

With the merits of small volume and light weight, liquid
crystal display (LCD) holds the edge in the market of
portable display devices and smallspace application dis-
plays. Among all, the thin film transistor liquid crystal
display (TFT-LCD) is the most favorable device. The device
is using the field effect transistors to control the voltage
applied to the liquid crystal film layer so as to control the
orientation of liquid crystal molecules, thus adjusting the
penetration of light through the liquid crystal layer. With the
utilization of filters, a screen is able to display various colors
and brightness.

FIG. 1A shows a standard circuit layout of a thin film
transistor liquid crystal display (TFT-LCD) panel. A series
of parallel scan lines 10 and a series of parallel data lines 20
are orthogonal to each other and not connected. They
connect to a control electrode 12 and a control electrode 22,
respectively, and separate the display panel into an array
composed of pixels. Each pixel in the array has a field effect
transistor (FET) 30, a liquid crystal capacitor 40 and a
storage capacitor 50. Each FET has a gate, a drain and a
source, wherein the gate connects to the corresponding scan
line, and the drain connects to the corresponding data line.
The liquid crystal capacitor 40 and the storage capacitor 50
are connected in parallel between the drain of the FET 30
and the ground.

In the conventional LCD elements, a detailed standard
layout of each pixel is shown in FIG. 1B. The conduction
areas 32, 34, 36 are the gate, source, and drain of the FET
30, respectively. The area 38 is the semiconductor channel
of the transistor 30. The FET drain 36 connects to a
transparent electrode plate 45, which functions simulta-
neously as the electrodes for the liquid crystal capacitor 40
and the storage capacitor 50. The transparent electrode plate
45 is usually made of indium tin oxide (ITO). A storage
electrode plate 52 is installed underneath the transparent
electrode plate 45 with a dielectric layer inserted between
(not shown) so as to form a storage capacitor 50. The liquid
crystal capacitor 40 is formed above the transparent elec-
trode plate 45.

With the technology development of displays heading
toward high screen quality and large sizes, manufacturers
have to use narrower line width and smaller pixel sizes to
make longer signal transmission lines (including scan lines
and data lines) on the large-scale panels. Under this
situation, such problems as uneven line width distribution
and broken lines are likely to happen. It is also likely to have
short circuits because of holes between separated electrodes,
e.g., between the upper and lower electrode plates of the
storage capacitor 50 (the transparent electrode plate 45 and
the storage electrode plate 52), between the FET gate 32 and
the source and drain 34, 36, or between channels 38. Broken
signal lines will result in line defects since an entire row of
pixels cannot receive control signals. Short circuits of elec-
trode plates will cause point defects as the pixels cannot
react to the voltage. Both of them have bad influence on the
quality and the production yield of the display panels.
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FIG. 2A shows a pixel array circuit for repairing line
defects in the prior art. The basic circuit layout is the same
as in FIG. 1A, except that the array border is surrounded
with a spare line 80 over three sides. The spare line 80 is
floating and striding over the data lines and scan lines, with
a dielectric layer between. Its cross-sectional view is shown
in FIG. 2B. The conduction layer 210 on the substrate 200
representing the signal lines 10 on the lower layer, and the
conduction layer 230 representing the spare line 80 on the
upper layer are segregated by a dielectric layer 220 inserted
between. When no defect is detected in the display panel, the
spare line is maintained in the default configuration.
However, when one of the data lines is detected to have a
line defect, i.c., the data line is broken because of
discontinuity, then the spare line overlapping on the defec-
tive data line is melted (usually using a high energy laser) so
that the conductive material can pass through the dielectric
isolation layer to form a contact window 240 with the
conductive wire on the lower layer. When both ends of the
defective data line are connected to the conduction layer 210
by melting, the spare line 80 can replace the broken data line
and transmit control signals to transistors.

Nevertheless, this line defect repairing design still has its
drawbacks. The spare line is so long and strides over so
many data lines and scan lines that parasitic capacitance
effect occurs during the control signal transmission. The
signal received by the transistors will be decreased and
seriously distorted, resulting in bad screen images. In
addition, this surrounding spare line design cannot repair
multiple defects, such as line defects indicated above. To
further increase the product quality and manufacturing yield
and to control production costs, it is crucial to develop a
better defect repairing method.

SUMMARY OF THE INVENTION

In view of the foregoing bad defect repairing ability in
conventional liquid crystal display (LCD) panel, it is an
object of the invention to provide an LCD element with good
defect repairing ability and the corresponding defect repair-
ing method capable of repairing line defects and point
defects due to broken circuits and short circuits, respec-
tively.

To repair the line defects, the invention provides a circuit
design of a single pixel having multiple scan lines and
multiple data lines, with separate spare lines installed
between. When a broken circuit occurs to any data line or
scan line, the spare line is electrically welded to connect to
the broken circuit, thereby forming the shortest connection
path. This can minimize the signal attenuation due to long
wiring and is suitable for multiple line defect repairs.

To repair point defects, the invention provides a circuit
design of a single pixel having multiple subpixel electrodes,
with spare conduction ports installed between. With the
application of welding and connecting joints, the defective
electrode can be readily separated once any subpixel has a
defect. The spare conduction port for connection is melted
for connection, and the resource of other subpixels will be
used to support and compensate for the defective subpixel in
an attempt to decrease the loss in screen image signals.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will make a specific demonstration
in virtue of the detailed description along with the figures
given below:

FIG. 1A shows the array circuit layout of a conventional
LCD element;
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FIG. 1B shows the pixel layout of a conventional LCD
element;

FIG. 2A shows the array circuit layout of a conventional
LCD element that has spare data lines;

FIGS. 2B and 2C shows a schematic cross-sectional view
of the spare data line configuration and welding in a con-
ventional LCD element;

FIG. 3 is an array circuit layout of an LCD element with
multiple data lines according to a first embodiment of the
invention;

FIG. 4 is a flowchart showing the signal line defect test
and repairing according to the first embodiment LCD ele-
ment circuit;

FIG. § is an array circuit layout of an LCD element with
multiple data lines and multiple scan lines according to a
second embodiment of the invention;

FIG. 6Ais an array circuit layout of an LCD element with
two subpixels according to a third embodiment of the
invention;

FIG. 6B is a pixel layout of the LCD element with two
subpixels according to the third embodiment of the inven-
tion;

FIG. 7 is a flowchart showing the signal line defect test
and repairing according to the third embodiment LCD
element circuit;

FIG. 8A is an array circuit layout of an LCD element with
four subpixels according to a third embodiment of the
invention; and

FIG. 8B is a pixel layout of the LCD element with four
subpixels according to the third embodiment of the inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides a liquid crystal display
(LCD) element with a defect repairing function. The inven-
tion also proposes a repairing method for line defects and
point defects. As this invention adopts the design of multiple
data lines and multiple scan lines assisted with the installa-
tion of spare lines, line defects due to broken circuits can be
easily repaired. Furthermore, as each display pixel forms
multiple subpixels by using multiple electrode plates and
with the connection of multiple signal lines and the instal-
lation of spare conduction ports, point defects due to short
circuits in pixel electrodes or control transistors can be
repaired. So the present invention can greatly increase the
quality and yield of the LCD elements. The invention
utilizes many widely known circuit elements and manufac-
turing techniques in the prior art, such as field effect tran-
sistor (FET) manufacturing processes and wire melting and
connecting technologies which will not be further described
hereinafter.

With reference to FIG. 3, the circuit adopts a multiple data
line configuration that uses more than one data line to
provide display control signals to the same pixel. In this
embodiment, the LCD element is composed of a plurality of
parallel optical display rows 310 and a plurality of scan lines
320 orthogonal to each optical display row 310. One termi-
nal of each scan line connects to a source pad 3224, 322b for
signal input.

Each optical display row 310 has at least two correlation
data lines 330a, 3305 with one terminal connecting to source
pads 332a, 332b for signal input, respectively. They are also
orthogonal to the scan lines 320. A spare line 340 is provided
between the two correlation data lines 330a, 3300. The spare
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lines for different display rows are allocated separately
without connection to each other. In a preferred
embodiment, the spare line 340 is installed between the
terminals of the correlation data lines 330a, 3305 near the
border of the display element. The spare line 340 of each
optical display row 310 is floating above the two correlation
data lines 3304, 3306 so that it can be melted for connection.
In this embodiment, the configuration can be achieved by
overlapping and isolation, as shown in FIG. 2B.

Each optical display row 310 is separated into a series of
pixels 350 by orthogonal scan lines 320. Each pixel 350
corresponds to a scan line 320 and two correlation data lines
330a, 330b. In the first embodiment, each pixel 350 com-
prises a field effect transistor (FET) 360, a liquid crystal
capacitor 370, and a storage capacitor 380. Each FET 360
has a gate, a drain, and a source, wherein the gate connects
to the corresponding scan line 320 and the drain connects to
either data line 330a or 3305 in the same optical display row
310. The liquid crystal capacitor 370 and the storage capaci-
tor 380 are connected in parallel between the drain and
ground of the FET 360.

Using a circuit composed of the LCD element according
to the first embodiment, the defects in the LCD element
caused by broken data lines can be easily repaired. With
reference to FIG. 4, the display element mentioned in the
first embodiment is provided in step 401. The display
element is provided with multiple correlation data lines 330a
and 3300 with spare lines 340 installed between. When the
elementary manufacturing process for the display element is
finished, all spare lines 340 and correlation data lines 330a,
3305 are isolated from each other before defect tests and
repairs.

Afterwards, each gate pad 322 and source pad 3324, 332b
sends control signals to perform tests (step 402) and (step
403). If any line defect caused by broken data lines is found
in the test process, repairing can be carried out immediately
(step 404). The repairing focuses on the broken data line.
The intervening areas between the separated spare line 340
and the corresponding two correlation data lines 330a, 330
are welded so that the broken data line and the correlation
data lines 330a, 330b are electrically connected through the
spare line 340. Therefore, the data line that has an open
circuit with the source pads 332a, 332b due to broken lines
will connect to the corresponding source pads 332a, 332b
via the correlation data lines 330a, 3305 and the spare line
340. Once the defect is repaired, the source pads 332a, 332b
of each set of correlation data lines in the display element are
coupled to the same signal input terminal. Thus, the original
broken data line will receive the same control signals of data
line through the correlation data lines achieving predeter-
mined display effects and the goals of repairing defects as
well as increasing element quality and the manufacturing
yield.

Referring to FIG. 5, the configuration of multiple data
lines and multiple scan lines is adopted in the second
embodiment. More than one data line and more than one
scan line provide display control signals to the same pixel.
In the current embodiment, the LCD element is composed of
a plurality of parallel optical display rows 510 and a plurality
of pairs of correlation scan lines 520a, 5205, orthogonal to
each optical display row 510. One terminal of each scan line
connects to a gate pad 522a or 522b as signal input terminal.

Each optical display row 510 contains at least two cor-
relation data lines 530a and 5305, with the source pads 5324
and 532b installed at the terminals thereof as signal input
terminals. A data spare line 540 is disposed between two
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correlation data lines 530, and 530b. In a preferred
embodiment, the data spare line 540 is installed at the
terminals of the two correlation data lines 530a 5305 near
the display element border. The data spare line 540 of each
optical display row 510 is electrically floating over the
terminals thereof so that it can be melted. This configuration
can be achieved by the aforesaid overlapping and separating
method. Furthermore, a scan spare line 545 is floating
between each pair of correlation scan lines 520a, 5205 near
the terminals thereof. The data spare lines 540 between
different optical display rows 510 and the scan spare lines
545 between different sets of correlation scan lines 520a,
5200 are installed separately without connection to each
other.

Each optical display row 510 is divided into a series of
pixels 550 by orthogonal correlation scan lines 520z and
520b. Each pixel corresponds to a pair of correlation scan
lines 520a, 5206 and two correlation data lines 5304, 5305.
In the second embodiment, each pixel 550 includes an FET
560, a liquid crystal capacitor 570 and a storage capacitor
580, similar to the first embodiment. Each FET 560 has a
gate, a drain, and a source, wherein the gate connects to any
of the corresponding scan lines 520a, 5200, the source
connects to any of the data lines 530a, 5305 in the same
optical display row 510. The liquid crystal capacitor 570 and
the storage capacitor 580 are connected in parallel between
the drain and the ground of the FET 560.

Using a circuit composed of the LCD element in the
second embodiment, defects caused by broken data lines or
scan lines in the LCD element can be simultaneously
repaired. All test and repairing procedures are the same as in
FIG. 4 as long as the display elements mentioned in the
second embodiment is provided and the repairing procedure
for data lines is utilized identically to the broken scan lines.
Before performing defect tests and repairing, all data spare
lines 540 and correlation data lines 530a, 5305, as well as
the scan spare lines 545 and correlation scan lines 520q,
5200, are isolated from one another. After the repairing is
complete, the originally broken data line or scan line will
connect to the associated data line or scan line through the
spare line, respectively. The source pads of each set of the
correlation data lines and the gate pads of each set of the
correlation scan lines are then coupled to the same signal
input terminal, respectively, to receive the same control
signals, thus achieving expected display effects.

The repairing circuit and technologies for point defects is
further described in the following embodiments. With ref-
erence to FIG. 6A for the third embodiment of the disclosed
LCD ¢lement, a two-subpixel configuration is adopted in
addition to the multiple data lines and multiple scan lines.
Two subpixel electrodes receive the same control signals
and generate the same display signals to form a complete
LCD pixel. In this embodiment, the LCD element is com-
posed of a plurality of parallel optical display rows 610 and
a plurality of pairs of correlation scan lines 620a, 6205 that
are orthogonal to each optical display row 610. One terminal
of each scan line 620a, 620b connects to gate pad 622a or
622b as signal input terminal.

Each optical display row 610 contains at least two cor-
relation data lines 630a, 630b, with the source pads 632«,
632b installed at the terminals thereof as signal input ter-
minals. The two correlation data lines 630a, 6305 are also
orthogonal to the scan lines 620a, 620b. A data spare line
640 is situated between the two correlation data lines 6304,
630b, preferably at the terminals thereof near the display
element border. A scan spare line 645 between each pair of
correlation scan lines 620a, 6200 is also provided. The scan
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spare line 645 is also preferably installed at the terminals of
the correlation scan lines 620z, 620b near the display
element border. The data spare line 640 and the scan spare
line 645 are electrically floating and can be welded. The data
spare lines 640 between different optical display rows 610,
as well as the scan spare lines 645 between different sets of
correlation scan lines 620a, 6205, arc installed separately
without connection to each other.

Each optical display row 610 is divided into a series of
pixels 650 by orthogonal correlation scan lines 620a, 6205.
Each pixel corresponds to a pair of correlation scan lines
6204, 62056 and two correlation data lines 630z, 630b. In the
third embodiment, each pixel 650 includes two FETs 660q,
660D, two liquid crystal capacitors 670a, 670b, and two
storage capacitors 680a, 680b. The FET 660a, the liquid
crystal capacitor 670a, and the storage capacitor 680« form
one subpixel; the FET 660b, the liquid crystal capacitor
670b, and the storage capacitor 6805 form another subpixel.
Each FET 660a, 6605 has a gate, a drain, and a source,
wherein the two gates connect to any of the corresponding
scan lines 620z, 620b respectively or together, the two
sources connect to any of the correlation data lines 630q,
6300 of the same optical display row 610 respectively or
together. In the embodiment as shown in FIG. 6A, the two
gates connect to the same scan line 620z, the two sources
connect to the different data lines 630a and 630b. The liquid
crystal capacitor 670z and the storage capacitor 680a are
connected in parallel between the drain and the ground of the
FET 660¢; the liquid crystal capacitor 670b and the storage
capacitor 680b are connected in parallel between the drain
and the ground of the FET 660b.

In other embodiments related to two-subpixel, each pixel
can be associated with a single scan line and two correlation
data lines or, alternatively, each pixel is associated with a
single data line and two correlation scan lines. Each subpixel
in the former case corresponds to a distinct data line and the
same scan line. Each subpixel in the later case corresponds
to a distinct scan line and the same data line.

Please refer to FIG. 6B for a pixel layout of the disclosed
LCD element in the third embodiment. Since the layout of
the FETs 660a, 660b are not the feature of the invention,
they are referred to as element symbols. The disclosed
design of multiple data line and/or multiple scan line con-
figuration or the multiple subpixel configuration described
hereinafter, regardless of the deployment of FETs 660q,
660D, are within the scope of the present invention.

As shown in FIG. 6B, the third embodiment of the pixel
layout contains two transparent electrode plates 675a, 675b,
respectively connecting to the drains of FETs 660a, 660b.
The transparent electrode plate 675a serves as the electrode
of the liquid crystal capacitor 670« and the storage capacitor
6804, and the transparent electrode plate 675b is used as the
other electrode of the liquid crystal capacitor 6705 and the
storage capacitor 680b. A spare conduction port 690 is
electrically floating over the two transparent electrode plates
675a, 675b with the overlapping areas 695a, 695b. In
addition, the spare conduction ports 690 of different pixels
are not connected to each other.

The liquid crystal pixel has an electrode plate 685a, 685b
isolating from the transparent electrode plates 675a, 675b by
a dielectric layer (not shown) to form storage capacitors
6804, 680b. Since each storage electrode plate 6854, 685b in
all pixels need to ground, all the storage electrode plates are
connected to each other through a conductive wire. In the
same pixel, the storage electrode plates 685a, 685b are
electrically connected to each other through a connection
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port 688. Both ends of the storage electrode plates 685a,
685b are connected via a spare connection wire 699 to form
an auxiliary pathway. The spare connection wire 699 and the
storage electrode plates 685a, 685b are coupled through the
connection ports 688a, 688b, respectively. In the above
layout, the connection ports 688, 6884, 688b, the joint 6654
between the transparent electrode plate 675« and the drain of
the FET 660, and the joint 665b between the transparent
electrode plate 675b and the drain of the FET 6605 can all
be welded.

Using a circuit composed of the LCD elements in the third
embodiment, line defects of the LCD elements and points
defects caused by FET failures or short circuits in the
transparent electrode plates can be readily repaired. The
repairing procedure for line defects is as shown in FIG. 4 and
the related description. The procedure for the point defect
tests and repairing of the transparent electrode plates is
shown in FIG. 7. In the course of repairing, the display
elements mentioned in the third embodiment are provided
(step 701) at first. The display element has to include
multiple subpixels, subpixel electrodes 6754, 675b, and
spare conduction ports 690 provided in between. The spare
conduction port 690 and the two electrode plates 675a, 675b
are disconnected before the defect tests and repairing.

Afterwards, each gate pad 6224, 622b and source pad
6324, 632b inputs control signals to perform tests (step 702)
such that any failure in the electrode plate 675a or 675b (step
703) can be diagnosed. If any point defect caused by
electrode plate failure is found in the display element during
the test process, repairs can be performed right away (step
704). The repairing is performed on the pixel with failed
electrode plate, and the failed portion needs to be isolated.
When the FET fails, the joint 6652 or 665b between the
electrode plate 6754, 675b and the FET drain is cut. When
a short circuit between the electrode plate 675a, 675b and
the corresponding storage electrode plate 6854, 685b occurs,
the corresponding connection port 688 and 688 or 688b is
cut. If the problem is unable to locate, the failed electrode
plate and the FET, and the storage electrode plate 6854, 685b
and the ground terminal are disconnected simultaneously.

Once the failed portion of the pixel is isolated, the
overlapping area between the spare conduction port 690 and
the two electrode plates 6754, 675b is welded so that the two
electrode plates 675 and 675b of the failed pixel are
connected through the conduction port 690, forming a new
coupled circuit. Therefore, the originally failed electrode
plate connects to another FET drain through the spare
conduction port 690 and another electrode plate. After the
defect is repaired, the source pads 6324, 632b of each set of
correlation data lines in the display element are coupled to
the same signal input terminal, the gate pads 622a, 622b of
each set of correlation scan lines also are coupled to the
same signal input terminal. In a regular pixel, two FETs are
used to drive two liquid crystal capacitors and two storage
capacitors. In the defect-repairing pixel, however, one FET
is used to drive two liquid crystal capacitors and one storage
capacitor. The originally failed electrode plate will be
charged and driven by the corresponding FET of another
electrode plate to a predetermined voltage through the
connection of the spare conduction port 690. By this
method, it can attain the expected display effect and the goal
of repairing defects and enhancing element quality and
yield.

FIG. 8A shows circuit configuration of the LCD element
in the fourth embodiment. In addition to the above-
mentioned multiple data lines and multiple scan lines, a four
subpixel configuration is further adopted such that the four
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8

subpixel electrodes receive the same control signals and
generate the same display signals, forming a complete LCD
pixel. In this embodiment, the LCD element is composed of
a plurality of parallel optical display row 810 and a plurality
of correlation scan line pairs 820a, 8205 disposed orthogo-
nal to each optical display row 810, respectively. The gate
pads 8224, 822b are installed at the terminals of each scan
line pair 820z, 8205 as signal input terminals.

Each optical display row 810 contains at least two cor-
relation data lines 830z, 8305 with the source pads 8324,
832b installed at the terminals thereof as signal input ter-
minals. The correlation data lines 830z, 8306 are also
orthogonal to the scan lines 820a, 820b. A data spare line
840 is provided between the two correlation data lines 830a,
830) whose location is preferably at the terminals of the two
correlation data lines 830z, 8305 near the display element
border. A scan spare line 845 is also provided between each
pair of the correlation scan lines 820a, 8205, which is also
preferably installed at the terminals of the two correlation
scan lines 820a, 8200 near the display element border. Each
data spare line 840 and the scan spare lines 845 are allocated
separately without connection to each other.

Each optical display row 810 is separated into a series of
pixels 850 by orthogonal correlation scan line pairs §20a
and 820b. Each pixel corresponds to a pair of correlation
scan lines 8204, 8206 and two correlation data lines 830a,
8300. In the fourth embodiment, each pixel 830 has four
FETs 8604, 860b, 8624, 862b, four liquid crystal capacitors
870a, 870b, 872a, 872b, and four storage capacitors 880qa,
880D, 8824, 882, totally forming four subpixels. Each FET
has a gate, a drain, and a source, wherein the gates of the
FETs 860a, 8605 connect to the same scan lines 820z, and
the gates of the FETs 8624, 862b connect to the same scan
lines 820b. The sources of the FETs 8604, 8624 connect to
the same data line 8304 of the optical display row 810. The
sources of the FETs 8605, 862b connect to the same data line
8300 of the optical display row 810. The liquid crystal
capacitor 870z and the storage capacitor 880g are connected
in parallel between the drain and the ground of the FET
860q; the liquid crystal capacitor 870b and the storage
capacitor 880b in parallel between the drain and the ground
of the FET 860b; the liquid crystal capacitor 872b and the
storage capacitor 882b in parallel between the drain and the
ground of the FET 862b; and the liquid crystal capacitor
872b and the storage capacitor 882b in parallel between the
drain and the ground of the FET 862b.

With reference to FIG. 8B, the FETs 860a, 8605, 8624,
862 are referred to by element symbols since they are not
the features of the invention. The previously disclosed
design of multiple data lines and/or multiple scan lines with
multiple subpixels, despite of the deposition of the FETs
860a, 860b, 8624, 862D, are within the scope of the inven-
tion.

As shown in FIG. 8B, the pixel layout has four transparent
electrode plates 875a, 875b, 876a, 876b connecting to the
drains of the FETs 860a, 860b, 8624, 862b, respectively. The
transparent electrode plate 875a serves as the electrode of
the liquid crystal capacitor 870« and the storage capacitor
880¢; the transparent electrode plate 875b is used as the
electrode of the liquid crystal capacitor 870b and the storage
capacitor 880b; the transparent electrode plate 876a serves
as the electrode of the liquid crystal capacitor 872a and the
storage capacitor 882g; and the transparent electrode plate
876b is used as a clectrode of the liquid crystal capacitor
872b and the storage capacitor 882b.

A spare conduction port 890 is partially overlapping and
floating over the four transparent electrode plates 8754,
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875b, 876a, 876b. The overlapping areas include 895q,
895b, 8964 and 896b. Spare conduction ports 890 of differ-
ent pixels are not connected.

The liquid crystal pixel has the storage electrode plates
885a, 885b, 886a, 8860 overlapping-but isolated from the
transparent electrode plates 8754, 875b, 8764, 876b by a
dielectric layer (not shown), forming the storage capacitors
880q, 8800, 8824, 882b. Each storage electrode plate in all
pixels is connected by a conductive wire and coupled to the
ground. In the above layout, all connection ports among the
storage electrode plates and the joints between the transpar-
ent electrode plates and the FET drains are meltable.

Using a circuit composed of the LCD elements in the
fourth embodiment, repair line defects or point defects
because of electrode plate short circuits or FET failure can
be easily repaired. The line defect repairing procedure is
shown in FIG. 4 and the related description, the point defect
test and repairing procedure is shown in FIG. 7. Before
performing defect tests and repairing, the spare conduction
port 890 and all electrode plates 875a, 875b, 876a, 876D are
separated and not connected. When any electrode plate of
the pixel is found to be defective, the electrode plate and the
corresponding storage capacitor are separated from the
corresponding transistor and ground, and the spare conduc-
tion port 890 and all the electrode plates 875a, 875b, 8764,
876b are melted and electrically connected. After repairing,
the good pixel uses four FETs to drive four liquid crystal
capacitors and four storage capacitors, whereas the repaired
defective pixel uses three FETS to drive four liquid crystal
capacitors and three storage capacitors. Through the spare
conduction port 890, the originally defective electrode plate
is charged by the transistors of the other three electrode
plates a predetermined voltage. This can then achieve
expected display results, repair defects and increase the
element quality and yield.

In summary, the invention uses a circuit design of a single
pixel associated with multiple scan lines and multiple data
lines for repairing line defects. Between the multiple scan
lines and multiple data lines of the same pixel, a separated
spare line is provided to melt and connect the data lines or
scan lines of the broken circuit, forming the shortest con-
nection path. This can minimize the transmission distance,
stray capacitance, and signal attenuation. This method is
also applicable to multiple line defect repairs. Furthermore,
the invention provides a circuit design of a single pixel
associated with a plurality of subpixels for repairing point
defects. A spare conduction port is provided between the
subpixel electrodes of the same pixel. Through the utiliza-
tion of meltable joints and the connection with multiple
signal lines, the defective electrode at any pixel can be
isolated and the spare conduction port can be melted for
connection. By exercising the resource of other subpixels to
support and compensate the defective subpixel, the screen
quality of the entire pixel can be maintained, thereby mini-
mizing the loss in screen signals.

The scope of this invention is not limited to the above
description with reference to specific embodiments. Various
modifications of the disclosed embodiments, as well as
alternative embodiments, will be apparent to persons skilled
in the art. For example, one can use more than two corre-
lation scan lines and/or data lines on the same pixel. One can
also use a spare line to selectively connect all correlation
scan lines or data lines. Alternatively, one can use dividable
spare lines so that the correlation scan lines or data lines can
be selectively connected to each other. The spare conduction
port can have a similar design. A plurality of spare conduc-
tion ports can be selectively connected between the subpixel
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electrode plates. At this moment, each pixel electrode plate
corresponds to at least one spare conduction port and each
spare conduction port corresponds to at least two subpixel
electrode plates. The correspondence of the spare lines can
use the similar pattern. It is, therefore, contemplated that the
appended claims will cover all modifications that fall within
the true scope of the invention.

What is claimed is:

1. A method of repairing line defects in liquid crystal
display (LCD) elements, said method comprising the steps
of:

providing an LCD element, wherein the LCD element

comprises a plurality of scan lines and a plurality of
optical display rows orthogonal to said scan lines, each
of the optical display rows comprising at least two data
lines, at least one spare line and a plurality of display
pixels, the spare line being adapted to selectively
connect any of the data lines in the respective optical
display row with another data line in the same optical
display row, and the spare lines of the different optical
display rows being disconnected from each other;
testing the data lines of the LCD element; and
when a line defect is detected on one of the data lines,
connecting the defective data line to another data line
in the same optical display row through the associated
spare line;

wherein, in the providing step, the spare line is formed to

overlap and be electrically isolated from the data lines
of the associated optical display row.

2. The method of claim 1, wherein the step of connecting
the defective data line to said another data line in the same
optical display row through the associated spare line is
implemented by melting.

3. The method of claim 1, wherein said two data lines of
each of said optical display rows are electrically connected,
in said connecting step, through the associated spare line
only if one of said two data lines is found defective in said
testing step.

4. A liquid crystal display (LCD) element with a defect
repairing function, said LCD element comprising:

a plurality of parallel scan lines; and

a plurality of optical display rows disposed orthogonal to

the plurality of scan lines;

wherein each of the optical display rows at least includes:

two data lines, orthogonal to the plurality of scan lines;

a spare line, installed between the two data lines of the
optical display row for selectively connecting the
two data lines, wherein the spare line is electrically
isolated from and overlaps said two data lines; and

a plurality of display pixels, each display pixel corre-
sponding to at least one of the scan lines and each of
the scan lines corresponding to one of the display
pixels;

wherein each of the display pixels includes:

at least one field effect transistor (FET) having a gate,
a drain, and a source, said FET corresponding to one
of the scan lines and one of the data lines, wherein
the gate is connected to the corresponding scan line
and the source is connected to the corresponding data
line; and

at least one transparent electrode corresponding to the
FET, and being connected to the drain of the corre-
sponding FET, and

wherein the spare lines of different said optical display

rows are disconnected from each other.

5. The LCD element of claim 4, wherein the spare line is
electrically connectable to the two data lines by welding said
spare line to said two data lines.
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6. A liquid crystal display (LCD) element, comprising:

12

wherein the spare lines of different said optical display
a plurality of parallel scan lines; and rows are disconnected from each other.

a plurality of optical display rows disposed orthogonal to 7. The LCD element of claim 6, wherein one of said two

the plurality of scan lines, wherein each of the optical

display rows at least includes:

two data lines, orthogonal to the plurality of scan lines;

a spare line, installed between the two data lines of the
optical display row for selectively connecting the
two data lines, wherein the spare line is electrically
isolated from and overlaps said two data lines; and

a plurality of display pixels, each display pixel corre-
sponding to at least one of the scan lines, wherein
each of the display pixels includes at least one field
effect transistor (FET) and each said FET having a
gate, a drain, and a source, said FET corresponding
to one of the scan lines and one of the data lines,
wherein the gate is connected to the corresponding
scan line and the source is connected to the corre-
sponding data line;

10

15

data lines is defective and the spare line is electrically
connected to the two data lines.

8. The LCD element of claim 6, wherein the drain is
connected to a liquid crystal capacitor.

9. The LCD element of claim 6, wherein each display
pixel corresponds to one of the scan lines, and each of the
display pixels includes one said field effect transistor (FET).

10. The LCD element of claim 9, wherein one of said two
data lines is defective and the spare line is electrically
connected to the two data lines.

11. The LCD element of claim 9, wherein the drain is
connected to a liquid crystal capacitor.
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