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7) ABSTRACT

The liquid crystal display device comprises: a plurality of
pixels arranged in a matrix, adjacent to each other row-wise
and column-wise; a plurality of first bus lines extended
row-wise and connected to the pixels arranged row-wise; a
plurality of second bus lines extended column-wise and
connected to the pixels arranged column-wise; and a plu-
rality of third bus lines extended row-wise, connected to the
pixels arranged row-wise, and being capable of applying a
voltage which independently changes with time. Said plu-
rality of the pixels each includes: a pixel electrode; a first
switching element connected to the pixel electrode and the
second bus line, for controlling the connection between the
pixel electrode and the second bus line by the first bus line;
and a second swilching element having one electrode con-
nected to the second bus line and the other electrode
arranged, overlapping the pixel electrode with an insulating

(30) Foreign Application Priority Data film formed therebetween, for controlling the connection
between said one electrode and said the other electrode by
Jul. 20, 2004 (JP) oo 2004-211701 the third bus line.
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LIQUID CRYSTAL DISPLAY DEVICE, METHOD
FOR REPAIRING LIQUID CRYSTAL DISPLAY
DEVICE, AND METHOD FOR DRIVING LIQUID
CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2004-211701, filed on Jul. 20, 2004, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display device, more specifically, a liquid crystal display
device which allows a defective pixel to be repaired to be
normal, a method for repairing the liquid crystal display
device, and a method for driving the display device.

[0003] A liquid crystal display device makes image dis-
plays by applying electric fields partially a liquid crystal
layer sandwiched between glass substrates to change an
alignment direction of the liquid crystal to thereby change
optical property of the liquid crystal. Recently, TFT liquid
crystal display devices, which control the voltage to be
applied to the pixel electrodes arranged in a matrix by thin
film transistors (TFTs), are dominant.

[0004] The TFT liquid crystal display device often has
point defects due to operational defects of the thin film
transistors which are the driving element. Causes for the
operational defects of the thin film transistors are various,
e.g., formation defects of the channel unit, the inter-layer
short, the intra-layer short between the source and the drain,
etc. and are problems which have not yet been solved.

[0005] The TFT liquid crystal display device has a large
number of pixels arranged in a matrix, and it is very difficult
to perfectly prevent the generation of such defects. Allowing
defects of a part of the pixels to make the device as a whole
effective lowers the product yield and resultantly increases
the fabrication costs.

[0006] Various methods for repairing such point defects of
the liquid crystal display have been proposed.

[0007] A first method 1s for making a point defect not a
bright point but a dark point to thereby make the point defect
inconspicuous.

[0008] The display mode of the liquid crystal is largely
classified in normally white (NW) mode, in which the white
color display is made with no voltage applied and normally
black (NB) mode, in which black color display is made with
no voltage applied. The typical mode of the NW mode is TN
mode, and the typical modes of the NB mode are MVA and
IPS.

[0009] In the NW mode, the black color state is made
possible with a voltage being applied to the liquid crystal.
This state can be realized by connecting, ¢.g., the source
electrode to the gate bus line by laser repair. A minus
potential for tuning off the TFTs is almost always applied to
the gate bus line, which allows the liquid crystal to turn on.

[0010] Reversely, in the NB mode, the black color state is
always made possible with no voltage being applied. This
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state can be realized by connecting, e.g., the pixel electrode
and the auxiliary capacitor bus line by laser repair. The
auxiliary capacitor bus line must have a stationary potential
so as to stabilize the pixel potential and generally is con-
nected to the common electrode to thereby have the same
potential. Accordingly, the pixel electrode and the auxiliary
capacitor bus line interconnected, whereby the above-state
can be realized.

[0011] The first method described above is disclosed in,
e.g., Reference 1 (Japanese published unexamined patent
application No. Hei 05-027262), Reference 2 (Japanese
published unexamined patent application No. Hei
07-020829), Reference 3 (Japanese published unexamined
patent application No. 2001-305500), etc.

[0012] In a second method, the luminance of a pixel
having the point defect is interlocked with a luminance of
pixels around said pixel to thereby make the point defect
inconspicuous.

[0013] Specifically, patterns have parts overlapping each
other between the drain bus line and the pixel electrode, and
when a defect takes place, the drain bus line and the pixel
electrode are interconnected by laser repair. The voltage of
the drain bus line is always applied to the pixel electrode,
whereby the point defect is substantially invisible when all
the screen has the same gradation (all black color, all white
color, all gray color or others) and considerably inconspicu-
ous in a picture display.

[0014] Methods in which the picture electrode is con-
nected to an adjacent picture electrode in place of the bus
line are also proposed.

[0015] The second method described above is disclosed
in, e.g., Reference 4 (Japanese published unexamined patent
application No. Hei 09-127549), Reference 5 (Japanese
published unexamined patent application No. Hei
11-282007), Reference 6 (Japanese published unexamined
patent application No. Hei 11-305260), etc.

[0016] In athird method, a plurality of thin film transistors
are provided, and when a point defect takes place, the thin
film transistor is disconnected to thereby repair the point to
be normal. For example, 2 thin film transistors are provided
for the usual use, and when a point defect takes place, the
defective thin film transistor alone is disconnected. Other-
wise, 2 thin film transistors are provided, and one of them is
actually connected to a pixel, and when a point defect takes
place, the pixel is disconnected from the thin film transistor
which has been used to be connected to the spare thin film
transistor.

[0017] The third method described above is disclosed in,
e.g., Reference 1, Reference 7 (Japanese published unex-
amined patent application No. Hei 06-003694), etc.

[0018] The other related arts are disclosed in, e.g., Refer-
ence 8 (Japanese published unexamined patent application
No. 2001-056652), etc.

[0019] However, in the above-described first method for
repairing the liquid crystal display device, although a dark
point is less conspicuous than a luminous point, it cannot be
said that such state is normal. Although a dark point is less
conspicuous than a luminous point in black color display,
actually, a dark point in white color display is conspicuous
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in green pixels, etc. and is a considerably conspicuous defect
also in RGB monochromatic display, etc.

[0020] In the above-described second method for repair-
ing the liquid crystal display device, in the display in which
characters, etc. are displayed side by side, the display in
which the screen is bisected vertically in white color and
black color, a point defect can be a dark point or a luminous
point, and the point defect is rather conspicuous.

[0021] Furthermore, when pixel electrodes adjacent to
each other along the extension of the gate bus line are
interconnected, these pixels are for displaying different
colors. When an image mostly in one color is displayed, the
pixel can be recognized as a pint defect. When pixel elec-
trodes adjacent to each other along the extension of the drain
bus line are interconnected, the pixels are for the same color,
which makes the point defect inconspicuous. However, in
images, as of stripe patterns of every but one line, zigzag
patterns, etc., the pixel appears as a point defect.

[0022] In either of the cases, in which adjacent pixel
electrodes are interconnected, 2 pixels are driven by one thin
film transistor. In terms of the writing capacitor and the
parasitic capacitor, the displays of the pixels including the
adjacent pixel tend to be abnormal. There is a risk that the
defect of one pixel may be extended to the defect of the two
interconnected pixels and worsened.

[0023] In the above-described third method for repairing
the liquid crystal display, after paneled, the repair is made
while watching at the underside, which has made it very
difficult to judge which thin film transistor is defective.
Which thin film transistor to be disconnected has had
recourse to knack, and the success rate has been low.
Furthermore, a normal point has 2 thin film transistors, but
an abnormal has 1 thin film transistor. Depending on a
display state, the defect is often visible.

[0024] In many cases, causes for the point defect take
place in a small region. Even when 2 thin film transistors are
provided for 1 pixel, it is very possible that the 2 thin film
transistors may become simultancously defective. As a
countermeasure to this, it is an idea to space the 2 thin film
transistors from each other. In such case, the area except that
area of the display unit is increased, and the aperture ratio is
much decreased.

SUMMARY OF THE INVENTION

[0025] An object of the present invention is to provide a
liquid crystal display device which allows a point defect to
be a perfectly normal point with a little aperture ratio
decrease, a method for repairing the liquid crystal display
device, and a method for driving the liquid crystal display
device.

[0026] According to one aspect of the present invention,
there is provided a liquid crystal display device comprising:
a plurality of pixels arranged in a matrix, adjacent to each
other row-wise and column-wise; a plurality of first bus lines
extended row-wise and connected to the pixels arranged
row-wise; a plurality of second bus lines extended column-
wise and connected to the pixels arranged column-wise; and
a plurality of third bus lines extended row-wise, connected
to the pixels arranged row-wise, and being capable of
applying a voltage which independently changes with time,
said plurality of the pixels each including: a pixel electrode;

Jan. 26, 2006

a first switching element connected to the pixel electrode
and the second bus line, for controlling the connection
between the pixel electrode and the second bus line by the
first bus line; and a second switching element having one
electrode connected to the second bus line and the other
electrode arranged, overlapping the pixel electrode with an
insulating film formed therebetween, for controlling the
connection between said one electrode and said the other
electrode by the third bus line.

[0027] According to another aspect of the present inven-
tion, there is provided a liquid crystal display device com-
prising: a plurality of pixels arranged in a matrix, adjacent
to each other row-wise and column-wise; a plurality of first
bus lines extended row-wise and connected to the pixels
arranged row-wise; a plurality of second bus lines extended
column-wise and connected to the pixels arranged column-
wise; and a plurality of third bus lines extended row-wise,
connected to the pixels arranged row-wise, and being
capable of applying a voltage which independently changes
with time, said plurality of the pixels each including: a pixel
electrode arranged, overlapping the third bus line with an
insulating film formed therebetween; and a first switching
element connected to the pixel electrode and the second bus
line, for controlling the connection between the pixel elec-
trode and the second bus line by the first bus line.

[0028] According to further another aspect of the present
invention, there is provided a method for repairing a liquid
crystal display device comprising: a plurality of pixels
arranged in a matrix, adjacent to each other row-wise and
column-wise; a plurality of first bus lines extended row-wise
and connected to the pixels arranged row-wise; a plurality of
second bus lines extended column-wise and connected to the
pixels arranged column-wise; and a plurality of third bus
lines extended row-wise, connected to the pixels arranged
row-wise, and being capable of applying a voltage which
independently changes with time, said plurality of the pixels
each including: a pixel electrode; a first switching element
connected to the pixel electrode and the second bus line, for
controlling the connection between the pixel electrode and
the second bus line by the first bus line; and a second
switching element having one electrode connected to the
second bus line and the other electrode arranged, overlap-
ping the pixel electrode with an insulating film formed
therebetween, for controlling the connection between said
one electrode and said the other electrode by the third bus
line, when one of said pixels is inoperative, laser beam is
irradiated to a region where the pixel electrode of the
inoperative pixel and said the other electrode of the second
switching element overlapping with each other to thereby
connect said pixel electrode and the second switching ele-
ment with each other.

[0029] According to further another aspect of the present
invention, there is provided a method for repairing a liquid
crystal display device comprising: a plurality of pixels
arranged in a matrix, adjacent to each other row-wise and
column-wise; a plurality of first bus lines extended row-wise
and connected to the pixels arranged row-wise; a plurality of
second bus lines extended column-wise and connected to the
pixels arranged column-wise; and a plurality of third bus
lines extended row-wise, connected to the pixels arranged
row-wise, and being capable of applying a voltage which
independently changes with time, said plurality of the pixels
each including: a pixel electrode arranged, overlapping the
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third bus line with an insulating film formed therebetween;
and a first switching element connected to the pixel elec-
trode and the second bus line, for controlling the connection
between the pixel electrode and the second bus line by the
first bus line, when one of said pixels is inoperative, laser
beam is irradiated to a region where the pixel electrode of
the inoperative pixel and the third bus line overlapping with
each other to thereby connect said pixel electrode and the
third bus line with each other.

[0030] According to further another aspect of the present
invention, there is provided a method for driving a liquid
crystal display device comprising: a plurality of pixels
arranged in a matrix, adjacent to each other row-wise and
column-wise; a plurality of first bus lines extended row-wise
and connected to the pixels arranged row-wise; a plurality of
second bus lines extended column-wise and connected to the
pixels arranged column-wise; and a plurality of third bus
lines extended row-wise, connected to the pixels arranged
row-wise, and being capable of applying a voltage which
independently changes with time, said plurality of the pixels
each including: a pixel electrode; a first switching element
connected to the pixel electrode and the second bus line, for
controlling the connection between the pixel electrode and
the second bus line by the first bus line; and a second
switching element having one electrode connected to the
second bus line and the other electrode arranged, overlap-
ping the pixel electrode with an insulating film formed
therebetween, for controlling the connection between said
one electrode and said the other electrode by the third bus
line, in the pixels which are normally operative, the first
switching element being controlled by the first bus line to
thereby write prescribed image information, and in the pixel
which is not normally operative, the prescribed image infor-
mation being written by controlling by the third bus line the
second switching element having said the other electrode
connected to the pixel electrode by laser repair.

[0031] According to further another aspect of the present
invention, there is provided a method for driving a liquid
crystal display device comprising: a plurality of pixels
arranged in a matrix, adjacent to each other row-wise and
column-wise; a plurality of first bus lines extended row-wise
and connected to the pixels arranged row-wise; a plurality of
second bus lines extended column-wise and connected to the
pixels arranged column-wise; and a plurality of third bus
lines extended row-wise, connected to the pixels arranged
row-wise, and being capable of applying a voltage which
independently changes with time, said plurality of the pixels
each including: a pixel electrode arranged, overlapping the
third bus line with an insulating film formed therebetween;
and a first switching element connected to the pixel elec-
trode and the second bus line, for controlling the connection
between the pixel electrode and the second bus line by the
first bus line, in the pixels which are normally operative, the
first switching element is controlled by the first bus line to
thereby write prescribed image information, and in the pixel
which is not normally operative, the prescribed image infor-
mation is written by the third bus line connected to the pixel
electrode by laser repair.

[0032] According to the present invention, a defective
pixel caused by an operational defect of a thin film transistor
can be repaired to be a perfectly normal point with the
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aperture ratio decreased suppressed. The fabrication yield
can be accordingly higher, and the fabrication cost can be
accordingly decreased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a plan view of the liquid crystal display
device according to a first embodiment of the present
invention, which shows a structure thereof.

[0034] FIG. 2 is a diagrammatic sectional view of the
liquid crystal display device according to the first embodi-
ment of the present invention, which shows the structure
thereof.

[0035] FIG. 3 is a circuit diagram of the liquid crystal
display device before repaired according to the first embodi-
ment of the present invention.

[0036] FIG. 4 is a plan view of the liquid crystal display
device after repaired according to the first embodiment of
the present invention, which shows the structure thereof.

[0037] FIG. 5 is a circuit diagram of the liquid crystal
display device after repaired according to the first embodi-
ment of the present invention.

[0038] FIG. 6 is a plan view of the liquid crystal display
device according to the first embodiment of the present
invention, which shows the general constitution.

[0039] FIG. 7 is a time chart of the method for driving the
liquid crystal display device according to the first embodi-
ment of the present invention.

[0040] FIG. 8 is a block diagram of the data driver of the
liquid crystal display device according to the first embodi-
ment of the present invention.

[0041] FIGS. 9-12 are views showing the methods of
connecting the auxiliary capacitor bus lines in the liquid
crystal display device according to the first embodiment of
the present invention.

[0042] FIG. 13 is a plan view of the liquid crystal display
device according to a second embodiment of the present
invention, which shows a structure thereof.

[0043] FIG. 14 is a circuit diagram of the liquid crystal
display device before repaired according to the second
embodiment of the present invention.

[0044] FIG. 15 is a plan view of the liquid crystal display
device after repaired according to the second embodiment of
the present invention, which shows a structure thereof.

[0045] FIG. 16 is a circuit diagram of the liquid crystal
display device after repaired according to the second
embodiment of the present invention.

[0046] FIG. 17 is a time chart of the method for driving
the liquid crystal display device according to the second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

A First Embodiment

[0047] The liquid crystal display device, the method for
repairing the liquid crystal display device, and a method for
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driving the liquid crystal display device according to a first
embodiment of the present invention, will be explained with
reference to FIGS. 1 to 12.

[0048] FIG. 1 is a plan view of the liquid crystal display
device according to the present embodiment, which shows a
structure thereof. FIG. 2 is a diagrammatic sectional view of
the liquid crystal display device according to the present
embodiment, which shows the structure thereof. FIG. 3 is a
circuit diagram of the liquid crystal display device before
repaired according to the present embodiment. FIG. 4 is a
plan view of the liquid crystal display device after repaired
according to the present embodiment, which shows the
structure thereof. FIG. 5 is a circuit diagram of the liquid
crystal display device after repaired according to the present
embodiment. FIG. 6 is a plan view of the liquid crystal
display device according to the present embodiment, which
shows the general constitution. FIG. 7 is a time chart of the
method for driving the liquid crystal display device accord-
ing to the present embodiment. FIG. 8 is a block diagram of
the data driver of the liquid crystal display device according
to the present embodiment. FIGS. 9-12 are views showing
the methods of connecting the auxiliary capacitor bus lines.

[0049] First, the structure of the liquid crystal display
device according to the present embodiment will be
explained with reference to FIGS. 1 to 3.

[0050] On a glass substrate 10, a gate bus line 12, and an
auxiliary capacitor bus line 14 are formed, extended row-
wise. As shown in FIG. 1, the gate bus line 12 and the
auxiliary capacitor bus line 14 are formed, extended in the
same direction. A part of the auxiliary capacitor bus line
form a gate electrode 16 of a thin film transistor (TFT2 in
FIG. 1) which is different from a thin film transistor (TFT1
in FIG. 1) having a gate electrode formed of the gate bus
line 12. A gate insulating film 16 is formed on the glass
substrate 10 with the gate bus line 12 and the auxiliary
capacitor bus line 14 formed on.

[0051] On the gate insulating film 16, an amorphous
silicon layer 18 which is to be the channel of the thin film
transistor TFT1 and an amorphous silicon layer 20 which is
to be the channel of the thin film transistor TFT2 are formed.
Channel protection layers 22 are formed on the amorphous
silicon layers 18, 20.

[0052] On the gate insulating film 16 with the amorphous
silicon layers 18, 20 and the channel protection layers 22
formed on, there are formed a source electrode 24 of the thin
film transistor TFT1, a source electrode 26 of the thin film
transistor TFT2, a drain electrode 28 of the thin film
transistor TFT1, a drain electrode 30 of the thin film
transistor TFT2, a drain bus line 32 continuous to the drain
electrodes 28, 30, and the auxiliary capacitor electrode 34
formed over the auxiliary capacitor bus line 14. The drain
bus line 32 is formed, extended in the direction in which the
drain bus line 32 crosses the gate bus line 12 and the
auxiliary capacitor bus line 14 (e.g., column-wise).

[0053] On the gate insulating film 16 with the source
electrodes 24, 26, the drain electrodes 28, 30, the drain bus
line 32, and the auxiliary capacitor electrode 34, etc. formed
on, an insulating film 40 with a contact hole 36 formed down
to the source electrode 24 and a contact hole 38 formed
down to the auxiliary capacitor electrode 34 is formed.

[0054] On the insulating film 40, a pixel electrode 42 is
formed. The pixel electrode 42 is connected to the source
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electrode 24 via the contact hole 36 and to the auxiliary
capacitor electrode 34 via the contact hole 38.

[0055] An alignment film 44 is formed on the insulating
film 40 with the pixel electrode 42 formed on.

[0056] On a glass substrate 50 opposed to the glass
substrate 10, a color filter 52, a common electrode 54 and an
alignment film 56 are formed.

[0057] The glass substrate 10 and the glass substrate 50
are arranged with the alignment film 44 and the alignment
film 56 opposed to each other, and a liquid crystal 60 is
sealed between the alignment films 44, 56.

[0058] As described above, the liquid crystal display
device according to the present embodiment includes two
thin film transistors TFT1, TFT2 for each pixel. The thin film
transistor TFT1 is usually used, and the thin film transistor
TFT2 is used when the thin film transistor TFT1 is defective.

[0059] As shown in FIG. 1, the gate electrode of the thin
film transistor TFT1 is formed of the gate bus line 12, and
the gate electrode 16 of the thin film transistor TFT2 is
connected to the auxiliary capacitor bus line 14. Usually, the
gate bus line 12 and the auxiliary bus line 14 are arranged
at positions spaced from each other, whereby the thin film
transistor TFT1 and the thin film transistor TFT2 can be
spaced from each other without sacrificing the aperture ratio.
Accordingly, the probability that both thin film transistors
TFT1, TFT2 will become concurrently defective can be
much decreased.

[0060] In the original state in which the liquid crystal
display device has not been repaired, as shown in FIG. 3, the
thin film transistor TFT2 has the drain electrode 30 con-
nected to the drain bus line 32 and has the gate electrode 16
connected to the auxiliary capacitor bus line. The source
electrode 26, however, is connected to nothing. That is,
unless repair is made, the thin film transistor TFT2 is unable
to function.

[0061] However, as shown in FIG. 1, the pattern of the
source electrode 26 of the thin film transistor TFT2 and the
pattern of the pixel electrode 42 are arranged, partially
overlap each other. This is for connecting the source elec-
trode 26 and the pixel electrode 42 with each other by laser
repair. That is, in the liquid crystal display according to the
present embodiment, the source electrode 26 of the thin film
transistor TFT2 and the pixel electrode 42 can be connected
with each other by laser repair.

[0062] Asshown in FIG. 1, between the part of the source
electrode 24 of the thin film transistor TFT1, which is
connected to the amorphous silicon layer 18 and the part of
the source electrode 24, which is connected to the pixel
region 42, there is a region where the source electrode 24
does not overlap with the other electrode layers. This is for
disconnecting the thin film transistor TFT1 and the pixel
electrode 42 from each other by laser repair. That is, in the
liquid crystal display device according to the present
embodiment, the thin film transistor TFT1 and the pixel
electrode 42 can be disconnected from each other by laser
repair.

[0063] As shown in FIG. 1, between the part of the
auxiliary capacitor electrode 34, which is connected to the
pixel electrode 42, and the part of the auxiliary capacitor
electrode 34, which overlaps the auxiliary capacitor bus line
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14, there is provided a region where the auxiliary capacitor
electrode 34 and the other electrode layers do not overlap
each other. This is for disconnecting the auxiliary capacitor
Cs and the pixel electrode 42 from each other. That is, in the
liquid crystal display device according to the present
embodiment, the auxiliary capacitor Cs and the pixel elec-
trode 42 can be disconnected from each other by laser repair.

[0064] Next, the method for repairing the liquid crystal
display device according to the present embodiment will be
explained with reference to FIGS. 4 and 5.

[0065] In the liquid crystal display device according to the
present embodiment, as shown in FIG. 4, the pattern of the
source electrode 26 of the thin film transistor TFT2 and the
pattern of the pixel electrode 42 are arranged, partially
overlapping each other. This pattern overlapping portion 70
is a region for the laser beam irradiation for the laser repair.

[0066] TLaser beam is irradiated to the pattern overlapping
portion 70 at the underside of the glass substrate 10 to
thereby electrically connect the source electrode 26 and the
pixel electrode 42 with each other at the laser beam irradi-
ated portion. Thus, the thin film transistor TFT2 having the
gate clectrode 16 connected to the auxiliary capacitor bus
line 14, the drain electrode 30 connected to the drain bus line
32, and the source electrode connected to the pixel electrode
42 can drive the pixel electrode 42.

[0067] Accordingly, even when the thin film transistor
TFT1 becomes defective, and the pixel electrode 42 cannot
be driven, this repair makes it possible to drive the pixel
electrode 42 by using the thin film transistor TFT2.

[0068] When the thin film transistor TFT2 is used after
repaired, the thin film transistor TFT2 must be driven by the
auxiliary capacitor bus line 14. Accordingly, the auxiliary
capacitor bus line 14 must be connected to a drive circuit
(not shown) 1o apply a voltage sufficient to turn on the thin
film transistor TFT2.

[0069] When the thin film transistor TFT1 has, ¢.g., a short
circuit defect between the source and the drain, i.e., a voltage
applied to the drain bus line 32 is interlockingly applied to
the pixel electrode 42, the stable drive cannot be made by the
thin film transistor TFT2 alone. Then, in such case, the
electric connection between the thin film transistor TFT1
and the pixel electrode 42 is disconnected by laser repair.

[0070] In the liquid crystal display device according to the
present embodiment, as shown in FIG. 4, between the part
of the source electrode 24, which is connected to the
amorphous silicon layer 18, and the part of the source
electrode 24, which is connected to the pixel electrode 42,
there is provided a region 72 where the source electrode 24
and the other electrode layers do not overlap each other (the
dotted line portion in the drawing). Accordingly, laser beam
are irradiated to the region 72 of the source electrode 24 to
thereby disconnect the portion of the source electrode 24
connected to the amorphous silicon layer 18 and the portion
of the source electrode 24 connected to the pixel electrode
42.

[0071] One problem of driving the thin film transistor
TFT2 by using the auxiliary capacitor bus line 14 is that the
thin film transistor TFT2 is turned off after data has been
written in the defective pixel, and when a voltage of the
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auxiliary capacitor Cs is changed from Vg to Vg, the
auxiliary capacitor Cs becomes a parasitic capacitance, and
a voltage change AV:

AVECSH(CIC+CS)X(Vox-Vor)

takes place.

[0072] The auxiliary capacitor Cs is comparable to the
liquid crystal capacitor Clc, and an approximately 10 V
changes takes place. Thus, when the repair is made, it is
preferable to make the auxiliary capacitor Cs as small as
possible.

[0073] In the liquid crystal display device according to the
present embodiment, as shown in FIG. 4, between the part
of the auxiliary capacitor electrode 34, which is connected
to the pixel electrode 42, and the part of the auxiliary
capacitor electrode 34, which overlaps the auxiliary capaci-
tor bus line 14, there is provided a region 74 where the
auxiliary capacitor electrode 34 and the other electrode layer
do not overlap each other (the dotted line part in the
drawing). Accordingly, laser beam is irradiated to the region
74 of the auxiliary capacitor electrode 34 from the underside
of the glass substrate 10, whereby the portion of the auxil-
iary capacitor electrode, which is connected to the pixel
electrode 42, and the portion of the auxiliary capacitor
electrode 34, which overlaps the auxiliary capacitor bus line
14, can be disconnected.

[0074] The auxiliary capacitor electrode 34 is thus discon-
nected, whereby the auxiliary capacitor Cs has only the area
of the portion where the pixel electrode 42 and the auxiliary
capacitor bus line 14 overlap each other, and the area
becomes about Y1o. The film thickness of the inter-layer film
of the auxiliary capacitor Cs is increased by about twice.
Resultantly, the auxiliary capacitor Cs becomes about Y2o.
From this viewpoint, it is preferable that the area where the
pixel electrode 42 and the auxiliary capacitor bus line 14
overlap each other is smaller than the area where the
auxiliary capacitor electrode 34 and the auxiliary capacitor
bus line 14 overlap each other.

[0075] The circuit diagram of the liquid crystal display
device having the defective pixel thus repaired is as shown
in FIG. 5. In FIG. 5, the x marks indicate parts disconnected
by the repair. As shown in FIG. 5, the liquid crystal
capacitor Clc and the auxiliary capacitor Cs are discon-
nected from the thin film transistor TFT1. Then, the liquid
crystal capacitor Clc is connected to the thin film transistor
TFT2, and the thin film transistor TFT2 becomes operative.

[0076] Next, the method for driving the liquid crystal
display device according to the present embodiment will be
explained with reference to FIGS. 6 and 8.

[0077] The present embodiment will be explained by
means of the case that a prescribed image is displayed in the
liquid crystal display device wherein, as shown in FIG. 6,
gate bus lines G;~G,, connected to a gate driver 80, and
drain bus lines D,~D_ connected to a data driver 82 are
arranged in a matrix, and a pixel connected to the n™ gate
bus line G, and the b™ drain bus line D,, is a repaired pixel.

[0078] First, the coordinates of the repaired pixel are
stored in a memory. As shown in FIG. 8, the information of
the repaired pixel is in advance stored in a memory (ROM)
92. A signal processing circuit 90 obtains this information
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from the memory 92 upon the input of the source power and
registers this information in the internal memory 90b.

[0079] Next, as shown in FIG. 7, a gate pulse is applied
from the gate driver 80 sequentially to the gate bus lines G,
G,, ... G,,. Concurrently therewith, a voltage corresponding
to information (image gradation data) to be written in the
pixels connected to the gate bus lines Gy, G,, . . . G, is
sequentially outputted in synchronism with the gate pulses.
Thus, the thin film transistors TFT1 connected to the gate
bus lines Gy, G,, . . . G, are sequentially turned on, and
image information corresponding to a voltage of the drain

bus line D, at this time is written in the associated pixels.

[0080] At this time, the signal processing circuit 90, in the
processing of outputting image information from a signal
source 94 to a liquid crystal panel 96, compares in a
correction processing circuit 90a the coordinates of an
image to be written with the coordinates of the repaired pixel
stored beforehand in the internal memory 90b. When the
coordinate of the pixel for a voltage to be written in agree
with the coordinate of the repaired pixel stored beforehand
in the internal memory 90b, image information (image
gradation data) corresponding to the data outputted form the
drain bus line D, is obtained and stored in the internal
memory 90b.

[0081] Thus, the prescribed image information is written
in other pixels except the repaired pixel.

[0082] Generally, the drive of a liquid crystal display
device has a period called a blanking interval for each frame.
The blanking interval is a time from the time when a screen
has been scanned from one end to the opposite other end to
a time when the screen starts to be again scanned from said
one end. The blanking interval corresponds to some percents
of a total frame time and is far longer than the usual one line
writing time.

[0083] Here, in the liquid crystal display device according
to the present embodiment, a repaired pixel is driven by a
thin film transistor TFT2 connected to the auxiliary capaci-
tor bus line. The writing with the auxiliary capacitor bus line
turned on must be performed in a time when none of the gate
bus lines are not being scanned, preferably in a blanking
interval. Thus, in the method for driving the liquid crystal
display device according to the present embodiment, the
blanking interval is utilized to write image information in a
repaired pixel.

[0084] In the blanking interval, a voltage is applied to the
auxiliary capacitor bus line until the thin film transistor
TFT2 is turned on. In this state, the signal processing circuit
90 outputs to the drain bus line Dy a voltage which is based
on information stored beforehand in the internal memory
90b as image information to be written in the repaired pixel.
Thus, the thin film transistors TFT2 connected to the aux-
iliary capacitor bus line are sequentially turned on, and
image information corresponding to a voltage of the drain
bus line Dy, at this time is written. In this state, after a certain
period time has passed, the voltage of the auxiliary capacitor
bus line is changed to a potential sufficient to turn off the thin
film transistors TFT2.

[0085] Thus, a prescribed display state is written in all the
pixels including the repaired pixel.
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[0086] Upon the writing in the repaired pixel, when a
voltage of the auxiliary capacitor bus line is changed, all the
pixels connected to the auxiliary capacitor bus line have a
voltage change AV:

AV=CSHCIC+CS)X(Von-Vors)-

However, the writing is completed, and when the potential
of the auxiliary capacitor bus line is returned to the initial
potential, the pixel potential is also returned to the initial
potential. Accordingly, when a select time for the writing by
the use of the auxiliary capacitor bus line is shorter than a
response of the liquid crystal, e.g., not more than 1 ms, the
display state is never affected.

[0087] The blanking interval is so long in comparison with
the usual line writing time that even small-sized thin film
transistors can write sufficient charges.

[0088] How many defective pixels can be repaired
changes, depending on how many auxiliary bus lines can be
separately driven. In the case that all the auxiliary capacitor
bus lines are concurrently turned on and off, one defective
pixel per 1 drain bus line can be repaired.

[0089] In the circuit constitution shown in FIG. 6, all the
auxiliary capacitor bus lines are bundled and are turned on
at once on the entire screen. In this case, the control circuit
for the auxiliary capacitor bus lines can be made simple, but
the number of point defects which can be repaired is only 1
per 1 drain bus line. However, usually the number of the
defects of a liquid crystal display device is about 10 at most,
which is sufficient in terms of the probability.

[0090] As shown in FIG. 9, the respective auxiliary
capacitor bus lines 14 are connected to a drive circuit 84 for
driving the auxiliary capacitor bus lines 14 to thereby be
respectively driven, whereby a plurality of pixels connected
to each drain bus line can be repaired.

[0091] Otherwise, as shown in FIG. 10, the auxiliary
capacitor bus lines 14 are collected in bundles of plural ones
of them. The respective bundles 14a are connected to the
drive circuit 84 for the auxiliary capacitor bus lines to
thereby drive the respective bundles 14a, whereby the
number of repairable defects can be increased by times a
division number. In this case, the drive circuit 84 can be
simpler than in FIG. 9.

[0092] Otherwise, as shown in FIG. 11, the auxiliary bus
lines 14 adjacent to each other may be collected in bundles
144 different from each other. Thus, even when adjacent
pixels become inoperable due to the same defect, both pixels
can be repaired.

[0093] Otherwise, as shown in FIG. 12, an arbitrary
auxiliary capacitor bus line 14 is made capable of being
disconnected from other auxiliary capacitor bus lines 14 or
is made capable of being connected to the drive circuit 84,
whereby the auxiliary capacitor bus line 14 of the row
including a defective pixel is disconnected from the bundle
of auxiliary capacitor bus lines 14, and the disconnected
auxiliary capacitor bus line 14 is connected to the drive
circuit 84, so as to make only the auxiliary capacitor bus line
14 connected to the repaired pixel operative.

[0094] As described above, according to the present
embodiment, when a thin film transistor becomes defective,
the thin film transistor can be replaced by a spare thin film
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transistor connected to the auxiliary capacitor bus line,
whereby the defective pixel can be used as a perfectly
normal point. The spare thin film transistor, which is con-
nected to the auxiliary capacitor bus line, is spaced from the
thin film transistor connected to the gate bus line, which
prevents both thin film transistors from becoming defective
due to same cause. The aperture ratio decrease can be
prevented.

[0095] In the liquid crystal display device according to the
present embodiment, the auxiliary capacitor and the pixel
electrode are capable of being disconnected from each other
by laser repair, whereby the auxiliary capacitor and the pixel
electrode are disconnected from each other to thereby much
decrease the voltage change in the repaired pixel. Accord-
ingly, the display state can be stable.

A Second Embodiment

[0096] The liquid crystal display device, the method for
repairing the liquid crystal display device, and the method
for driving the liquid crystal display device according to a
second embodiment of the present invention will be
explained with reference to FIGS. 13 to 17. The same
members of the present embodiment as those of the liquid
crystal display device according to the first embodiment
shown in FIGS. 1 to 12 are represented by the same
reference numbers not to repeat or to simplify their expla-
nation.

[0097] FIG. 13 is a plan view of the liquid crystal display
device according o the present embodiment, which shows a
structure thereof. FIG. 14 is a circuit diagram of the liquid
crystal display device before repaired according to the
present embodiment. FIG. 15 is a plan view of the liquid
crystal display device after repaired according to the present
embodiment, which shows a structure thereof. FIG. 16 is a
circuit diagram of the liquid crystal display device after
repaired according to the present embodiment. FIG. 17 is a
time chart of the method for driving the liquid crystal display
device according to the present embodiment.

[0098] First, the structure of the liquid crystal display
device according to the present embodiment will be
explained with reference to FIGS. 13 and 14. The sectional
structure of the liquid crystal display device according to the
present embodiment is basically the same as that of the
liquid crystal display device according to the first embodi-
ment shown in FIG. 2, and sece FIG. 2.

[0099] On a glass substrate 10, gate bus line 12 and
auxiliary capacitor bus line 14 are formed. As shown in FIG.
13, the gate bus line 12 and the auxiliary capacitor bus line
14 are formed, extended in the same direction. A gate
insulating film 16 is formed on the glass substrate 10 with
the gate bus line 12 and the auxiliary capacitor bus line 14
formed on.

[0100] On the gate insulating film 16, an amorphous
silicon layer 18 which is to be the channel of the thin film
transistor TFT is formed. A channel protection layer 22 is
formed on the amorphous silicon layer 18.

[0101] On the gate insulating film 16 with the amorphous
silicon layer 18 and the channel protection layer 22 formed
on, the source electrode 24 of the thin film transistor TFT,
the drain electrode 28 of the thin film transistor TFT, the
drain bus line 32 continuous to the drain ¢lectrode 28, and
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auxiliary capacitor electrodes 34 formed over the auxiliary
capacitor bus line 14 are formed. The drain bus line 32 is
formed, crossing the gate bus line 12 and the auxiliary
capacitor bus line 14.

[0102] On the gate insulating film 16 with the source
electrode 24, the drain electrode 28, the drain bus line 32, the
auxiliary capacitor electrode 34, etc. formed on, an insulat-
ing film 40 with contact holes 36 and contact holes 38
formed respectively down to the source electrode 24 and the
auxiliary capacitor electrode 34 is formed.

[0103] A pixel electrode 42 is formed on the insulating
film 40. The pixel electrode 42 is connected to the source
electrodes 24 via the contact hole 36 and to the auxiliary
capacitor electrode 34 via the contact holes 38.

[0104] An alignment film 44 is formed on the insulating
film 40 with the pixel electrode 42 formed on.

[0105] A color filter 52, a common electrode 54 and an
alignment film 56 are formed on a glass substrate 50
opposed to the glass substrate 10.

[0106] The glass substrate 10 and the glass substrate 50
are arranged with the alignment film 44 and the alignment
film 56 opposed to each other, and a liquid crystal 60 is
sealed between the alignment films 44, 56.

[0107] As described above, in the liquid crystal display
device according to the present embodiment, which is dif-
ferent from the liquid crystal display device according to the
first embodiment, the thin film transistor for driving the pixel
is provided 1 for each pixel. As shown in FIG. 14, the liquid
crystal display device according to the present embodiment
before repaired is the same in the circuit constitution as the
usual liquid crystal device.

[0108] As shown in FIG. 13, in the liquid crystal display
device according to the present embodiment, between the
portion of the source electrode 24 of the thin film transistor
TFT, which is connected to the amorphous silicon layer 18,
and the portion of the source electrode 24 connected to the
pixel electrode 42, there is provided a region where the
source electrode 24 does not overlap with other electrode
layers. This is for disconnecting the thin film transistor TFT
and the pixel electrode 42 by laser repair. That is, in the
liquid crystal display device according to the present
embodiment, the thin film transistor TFT and the pixel
electrode 42 are capable of being disconnected by laser
repair.

[0109] As shown in FIG. 13, the pattern of the auxiliary
capacitor electrode 34 and the pattern of the auxiliary
capacitor bus line 14 are arranged, overlapping each other.
This is for interconnecting the auxiliary capacitor bus line 14
and the pixel electrode 42 with each other by laser repair.
That is, in the liquid crystal display device according to the
present embodiment, the auxiliary capacitor bus line 14 and
the pixel electrode 42 are capable of being interconnected
with each other by laser repair.

[0110] Next, the method for repairing the liquid crystal
display device according to the present embodiment will be
explained with reference to FIGS. 15 and 16.

[0111] As shown in FIG. 15, in the liquid crystal display
device according to the present embodiment, between the
part of the source electrode 24 connected to the amorphous
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silicon layer 18 and the part of the source electrode 24
connected to the pixel electrode 42, there is provided a
region 72 where the source electrode 24 does not overlap
with other electrode layers (the dotted line part in the
drawing).

[0112] Accordingly, by irradiating laser beam to the region
72 of the source electrode 24 from the underside of the glass
substrate 10, the region 72 between the part of the source
electrode 24 connected to the amorphous silicon layer 18
and the part of the source electrode 14 connected to the pixel
electrode 42 is disconnected. When the thin film transistor
TFT becomes defective, the thin film transistor TET and the
pixel electrode 42 can be disconnected from each other by
such repair.

[0113] However, the defective pixel cannot be repaired
only by disconnecting the thin film transistor TFT and the
pixel electrode 42 from each other. Then, in the method for
repairing the liquid crystal display device according to the
present embodiment, the pixel electrode 42 is connected to
the auxiliary bus line 14 to remedy the defective pixel.

[0114] Inthe liquid crystal display device according to the
present embodiment, as shown in FIG. 11, the pattern of the
auxiliary capacitor electrode 34 and the pattern of the
auxiliary capacitor bus line 14 overlap each other in a pattern
overlapping part 76. Laser beam is irradiated to the pattern
overlapping part 76 from the underside of the glass substrate
10 to thereby electrically connect the auxiliary capacitor bus
line 14 and the pixel electrode 42 with each other via the
laser beam irradiated part. Such repair electrically connects
the pixel electrode 42 to the auxiliary capacitor bus line 14,
whereby the defective pixel can be made operable by the
auxiliary capacitor bus line 14.

[0115] The circuit diagram of the liquid crystal display
device which has the defective pixel thus repaired is shown
in FIG. 16. In FIG. 16, the x mark indicates the discon-
nected part by the repair. As shown in FIG. 16, the repair
disconnects the liquid crystal capacitor Clc and the auxiliary
capacitor Cs from the thin film transistor TFT. The liquid
crystal capacitor Clc is connected to the auxiliary capacitor
bus line 14, and is made operable. When the liquid crystal
capacitor Clc and the auxiliary capacitor bus line are inter-
connected with each other, the auxiliary capacitor Cs is
shorted.

[0116] Next, the method for driving the liquid crystal
display device according to the present embodiment will be
explained with reference to FIG. 17.

[0117] As in the method for driving the liquid crystal
display device according to the first embodiment, the
method for driving the liquid crystal display device accord-
ing to the present embodiment will be explained by means
of the case that a prescribed image is displayed by the liquid
crystal display device in which gate bus lines G;~G,,
connected to a gate driver 80, and drain bus lines D,~D_
connected to a data driver 82 are arranged in a matrix, and
a pixel connected to the n'® gate bus line G, and the b drain
bus line Dy, is a repaired pixel (see FIG. 6).

[0118] First, in the same way as in the method for driving
the liquid crystal display device according to the first
embodiment, the coordinates of the repaired pixels are
registered in the internal memory 90b of a signal processing
circuit 90.
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[0119] Next, as shown in FIG. 17, a gate pulse is applied
from the gate driver 80 sequentially to the gate bus lines G,
G,, ... G,,. Concurrently therewith, a voltage corresponding
to information (image gradation data) to be written in the
pixels connected to the gate bus lines G;, G,, . . . G, is
sequentially outputted from the drain bus line D,. Thus, the
thin film transistors TFT connected to the gate bus lines G,
G,, . .. G, are sequentially turned on, and image informa-
tion corresponding to a voltage of the drain bus line D, at
this time is written in the associated pixels.

[0120] At this time, the signal processing circuit 90, in the
processing of outputting image information from a signal
source 94 to a liquid crystal panel 96, compares in a
correction processing circuit 90a the coordinate of an image
to be written with the coordinate of the repaired pixel stored
beforehand in the internal memory 90b. When the coordi-
nate of the pixel for a voltage to be written agree with the
coordinate of the repaired pixel stored beforehand in the
internal memory 90b, a voltage corresponding to informa-
tion to be written in the repaired pixel is applied to the
auxiliary capacitor bus line CS, immediately before a gate
pulse is applied to the line including the repaired pixel. A
voltage is applied to the auxiliary capacitor bus line CS, so
that the Iuminance of the pixel at the defect point has the
original luminance. The voltage applied to the auxiliary
capacitor bus line CS, is retained as it is until new image
information is written in the next frame (F2 frame).

[0121] Thus, a prescribed display state can be written in all
the pixels including the repaired pixel.

[0122] As described above, in the method for driving the
liquid crystal display device according to the present
embodiment, the voltage of the auxiliary capacitor bus line
is applied as it is to the pixel electrode of the repaired pixel.
Accordingly, it is necessary to apply to the auxiliary capaci-
tor bus line a voltage which makes the transmittance of the
pixel equal to the original value.

[0123] What is decisively different from the liquid crystal
display device according to the first embodiment is that a
voltage is kept on being applied to the auxiliary capacitor
bus line. In consideration of this, it is preferable to change
the voltage of the auxiliary capacitor bus line immediately
before the writing in the line. When the potential of the
auxiliary capacitor bus line is changed by AVcs, the pixels
other than the repaired pixel are subjected to a potential
change AV of

AV=Cs/(Cle+Cs)xAVes.

When this state is set on, the brightness of the liquid crystal
changes to be distributed unevenly. However, a writing
immediately follows, and the potential of the auxiliary bus
line at this time is fixed until the next writing, without
influencing the brightness of the liquid crystal.

[0124] The auxiliary capacitor bus lines and the drive
circuit for the auxiliary capacitor bus lines can have the same
constitution as those of the liquid crystal display device
according to the first embodiment shown in FIGS. 9 to 12.
In the liquid crystal display device according to the present
embodiment, the number of defective pixels which can be
remedied is 1 per 1 auxiliary capacitor bus line at most (for
the constitution shown in FIG. 9).

[0125] As described above, according to the present
embodiment, when a thin film transistor becomes operation-
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ally defective, the pixel electrode is connected directly to the
auxiliary capacitor bus line to be driven, whereby the
defective pixel can be used as a perfectly normal point.
Furthermore, it is not necessary to provide spare thin film
transistors and signal lines, which can prevent the aperture
ratio decrease.

Modified Embodiments

[0126] The present invention is not limited to the above-
described embodiments and can cover other various modi-
fications.

[0127] For example, in the first and the second embodi-
ments, the auxiliary capacitor bus line is used to drive the
repaired pixel. However, another signal line can be used as
long as the signal line can apply a voltage which changes
over time, independently of the common electrode.

[0128] For example, new bus lines are provided in addi-
tion to the gate bus lines and the auxiliary capacitor bus
lines, and the new bus lines may be used for driving the
repaired pixels. The new bus lines may be formed, extended
along the gate bus lines or along the drain bus lines.
However, in this case, the aperture ratio of the pixels is
decreased, corresponding to the new bus lines.

What is claimed is:
1. A liquid crystal display device comprising:

a plurality of pixels arranged in a matrix, adjacent to cach
other row-wise and column-wise;

a plurality of first bus lines extended row-wise and
connected to the pixels arranged row-wise;

a plurality of second bus lines extended column-wise and
connected to the pixels arranged column-wise; and

a plurality of third bus lines extended row-wise, con-
nected to the pixels arranged row-wise, and being
capable of applying a voltage which independently
changes with time,

said plurality of the pixels each including:
a pixel electrode;

a first switching element connected to the pixel elec-
trode and the second bus line, for controlling the
connection between the pixel electrode and the sec-
ond bus line by the first bus line; and

a second switching element having one electrode con-
nected to the second bus line and the other electrode
arranged, overlapping the pixel electrode with an
insulating film formed therebetween, for controlling
the connection between said one electrode and said
the other electrode by the third bus line.

2. A liquid crystal display device comprising:

a plurality of pixels arranged in a matrix, adjacent to each
other row-wise and column-wise;

a plurality of first bus lines extended row-wise and
connected to the pixels arranged row-wise;

a plurality of second bus lines extended column-wise and
connected to the pixels arranged column-wise; and
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a plurality of third bus lines extended row-wise, con-
nected to the pixels arranged row-wise, and being
capable of applying a voltage which independently
changes with time,

said plurality of the pixels each including:

a pixel electrode arranged, overlapping the third bus
line with an insulating film formed therebetween;
and

a first switching element connected to the pixel elec-
trode and the second bus line, for controlling the
connection between the pixel electrode and the sec-
ond bus line by the first bus line.

3. A liquid crystal display device according to claim 1,
wherein

the said plurality of the pixels each further includes an
auxiliary capacitor electrode connected to the pixel
electrode, and the third bus line and the auxiliary
capacitor electrode form an auxiliary capacitor.
4. A liquid crystal display device according to claim 3,
wherein

an area of a region where the pixel electrode and the third
bus line overlap each other is smaller than an area of a
region where the auxiliary capacitor electrode and the
third bus line overlap each other.
5. A liquid crystal display device according to claim 3,
wherein

a connection between the auxiliary capacitor electrode
and the pixel electrode is capable of being disconnected
by irradiation of laser beam.

6. A liquid crystal display device according to claim 1,

wherein

a connection between the first switching element and the
pixel electrode is capable of being disconnected by
irradiation of laser beam.

7. A liquid crystal display device according to claim 2,
wherein

a connection between the first switching element and the
pixel electrode is capable of being disconnected by
irradiation of laser beam.

8. A liquid crystal display device according to claim 1,
wherein

said plurality of the third bus lines are driven as a whole.
9. A liquid crystal display device according to claim 2,
wherein

said plurality of the third bus lines are driven as a whole.

10. A liquid crystal display device according to claim 1,
wherein

said plurality of the third bus lines are respectively driven.

11. A liquid crystal display device according to claim 2,
wherein

said plurality of the third bus lines are respectively driven.
12. A liquid crystal display device according to claim 1,
wherein

said plurality of the third bus lines are divided in a
plurality of groups and are driven in the respective
groups.
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13. A liquid crystal display device according to claim 2,
wherein

said plurality of the third bus lines are divided in a
plurality of groups and are driven in the respective
groups.

14. A liquid crystal display device according to claim 12,

the third bus lines contained in each group are not
adjacent to each other.
15. A liquid crystal display device according to claim 13,

the third bus lines contained in each group are not
adjacent to each other.
16. A liquid crystal display device according to claim 1,
wherein

said plurality of the third bus lines are capable of applying
a voltage which independently changes with time to an
arbitrary one of said third bus lines by irradiation of
laser beam.
17. A liquid crystal display device according to claim 2,
wherein

said plurality of the third bus lines are capable of applying
a voltage which independently changes with time to an
arbitrary one of said third bus lines by irradiation of
laser beam.

18. A method for repairing a liquid crystal display device
comprising: a plurality of pixels arranged in a matrix,
adjacent to each other row-wise and column-wise; a plural-
ity of first bus lines extended row-wise and connected to the
pixels arranged row-wise; a plurality of second bus lines
extended column-wise and connected to the pixels arranged
column-wise; and a plurality of third bus lines extended
row-wise, connected to the pixels arranged row-wise, and
being capable of applying a voltage which independently
changes with time,

said plurality of the pixels each including: a pixel elec-
trode; a first switching element connected to the pixel
electrode and the second bus line, for controlling the
connection between the pixel electrode and the second
bus line by the first bus line; and a second switching
element having one electrode connected to the second
bus line and the other electrode arranged, overlapping
the pixel electrode with an insulating film formed
therebetween, for controlling the connection between
said one electrode and said the other electrode by the
third bus line,

when one of said pixels is inoperative, laser beam is
irradiated to a region where the pixel electrode of the
inoperative pixel and said the other electrode of the
second switching element overlapping with each other
to thereby connect said pixel electrode and the second
switching element with each other.

19. A method for repairing a liquid crystal display device
comprising: a plurality of pixels arranged in a matrix,
adjacent to each other row-wise and column-wise; a plural-
ity of first bus lines extended row-wise and connected to the
pixels arranged row-wise; a plurality of second bus lines
extended column-wise and connected to the pixels arranged
column-wise; and a plurality of third bus lines extended
row-wise, connected to the pixels arranged row-wise, and
being capable of applying a voltage which independently
changes with time,
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said plurality of the pixels each including: a pixel elec-
trode arranged, overlapping the third bus line with an
insulating film formed therebetween; and a first switch-
ing element connected to the pixel electrode and the
second bus line, for controlling the connection between
the pixel electrode and the second bus line by the first
bus line,

when one of said pixels is inoperative, laser beam is
irradiated to a region where the pixel electrode of the
inoperative pixel and the third bus line overlapping
with each other to thereby connect said pixel electrode
and the third bus line with each other.
20. A method for repairing a liquid crystal display device
according to claim 18, wherein

the pixel further comprises an auxiliary capacitor elec-
trode connected to the pixel electrode, and the auxiliary
capacitor electrode and the third bus line form an
auxiliary capacitor,

the connection between the auxiliary capacitor electrode
and the pixel electrode is disconnected by irradiation of
laser beam.
21. A method for repairing a liquid crystal display device
according to claim 18, wherein

a connection between the first switching element and the
pixel electrode is disconnected by irradiation of laser
beam.

22. A method for repairing a liquid crystal display device

according to claim 19, wherein

a connection between the first switching element and the
pixel electrode is disconnected by irradiation of laser
beam.

23. A method for driving a liquid crystal display device
comprising: a plurality of pixels arranged in a matrix,
adjacent to each other row-wise and column-wise; a plural-
ity of first bus lines extended row-wise and connected to the
pixels arranged row-wise; a plurality of second bus lines
extended column-wise and connected to the pixels arranged
column-wise; and a plurality of third bus lines extended
row-wise, connected to the pixels arranged row-wise, and
being capable of applying a voltage which independently
changes with time,

said plurality of the pixels each including: a pixel elec-
trode; a first switching element connected to the pixel
electrode and the second bus line, for controlling the
connection between the pixel electrode and the second
bus line by the first bus line; and a second switching
element having one electrode connected to the second
bus line and the other electrode arranged, overlapping
the pixel electrode with an insulating film formed
therebetween, for controlling the connection between
said one electrode and said the other electrode by the
third bus line,

in the pixels which are normally operative, the first
switching element being controlled by the first bus line
to thereby write prescribed image information, and

in the pixel which is not normally operative, the pre-
scribed image information being written by controlling
by the third bus line the second switching element
having said the other electrode connected to the pixel
electrode by laser repair.
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24. A method for driving a liquid crystal display device
according to claim 23, wherein

a coordinate of a repaired pixel is stored,

data to be written in the repaired pixel is stored, based on
the stored coordinate, and

the data is written in the repaired pixel in a period when
any of said plurality of the first bus lines are not
selected.
25. A method for driving a liquid crystal display device
according to claim 24, wherein

the period is a blanking interval.

26. A method for driving a liquid crystal display device
comprising: a plurality of pixels arranged in a matrix,
adjacent to each other row-wise and column-wise; a plural-
ity of first bus lines extended row-wise and connected to the
pixels arranged row-wise; a plurality of second bus lines
extended column-wise and connected to the pixels arranged
column-wise; and a plurality of third bus lines extended
row-wise, connected to the pixels arranged row-wise, and
being capable of applying a voltage which independently
changes with time,

said plurality of the pixels each including: a pixel elec-
trode arranged, overlapping the third bus line with an
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insulating film formed therebetween; and a first switch-
ing element connected to the pixel electrode and the
second bus line, for controlling the connection between
the pixel electrode and the second bus line by the first
bus line,

in the pixels which are normally operative, the first
switching element is controlled by the first bus line to
thereby write prescribed image information, and

in the pixel which is not normally operative, the pre-
scribed image information is written by the third bus
line connected to the pixel electrode by laser repair.
27. A method for driving a liquid crystal display device
according to claim 26, wherein

a coordinate of a repaired pixel is stored,

data to be written in the repaired pixel is stored, based on
the stored coordinate, and

in the scan along the first bus lines, a voltage based on the
stored data is applied to the third bus line before the
first bus line is selected, and the voltage is retained until
the next frame period is selected.
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