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(57) ABSTRACT

In a liquid crystal display device, auxiliary lines are formed
under pixel electrodes so as to be parallel to signal or
scanning lines. The auxiliary lines are connected to the
signal or scanning lines at one point for each pixel. This
permits a voltage to be applied to a signal or scanning line
if a disconnection defect occurs in the signal or scanning
line. The auxiliary line is connected to the signal or scanning
line at opposite sides of the defect to form a circuit around
the defect. Moreover, if a leakage defect occurs at a crossing
point between the scanning line and the signal line, the
signal or scanning line may be cut off at both sides of the
scanning or signal line, and the auxiliary line forms a circuit
that avoids the line leak. Thus, a voltage may be applied to
the signal or scanning line by the auxiliary line.

6 Claims, 19 Drawing Sheets
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ACTIVE-MATRIX LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD FOR
COMPENSATING FOR DEFECTIVE
DISPLAY LINES

This application is a division of Ser. No. 08/700,172,
filed Aug. 20, 1996, now U.S. Pat. No. 6,175,393.

RELATED APPLICATIONS

This application is related to the following commonly
assigned co-pending applications: Ser. No. 08/695,632, filed
Aug. 12, 1996, now U.S. Pat. No. 5,052,162; Ser. No.
08/712,978, filed Sep. 12, 1996, now U.S. Pat. No. 5,877,
830; Ser. No. 08/697,277, filed Aug. 27, 1996; Ser. No.
08/705,759, filed Aug. 30, 1996, now U.S. Pat. No. 5,831,
708; and Ser. No. 08/725,663, filed Oct. 1, 1996, now U.S.
Pat. No. 5,771,083.

FIELD OF THE INVENTION

The present invention relates to a display device for
displaying by applying a drive signal to a display-use pixel
electrode through a switching element, more particularly
relates to a matrix-type liquid crystal display device, which
permits a high density display by disposing pixel electrodes
in a matrix form, and also relates to a method of compen-
sating for a defective pixel electrode in such display device.

BACKGROUND OF THE INVENTION

A conventional display device such as a liquid crystal
display device, a plasma display device, etc., includes a
plurality of pixel electrodes disposed in a matrix form,
counter electrodes facing these pixel electrodes, and a dis-
play medium (liquid crystal, plasma, etc.,) sealed between
the pixel electrodes and the counter electrodes. The
described display device selectively applies a voltage to the
pixel electrodes to form a display pattern on a screen.
Further, by applying a voltage between the selected pixel
electrode and the counter electrode, the brightness of the
display medium is optically modulated by the display data to
visualize the display pattern.

For the method of driving the pixel electrodes, a so-called
active-matrix driving system is known wherein switching
elements are connected to respective pixel electrodes dis-
posed in a matrix form and the pixel electrodes are respec-
tively driven by the switching elements. For the switching
element, a TFT (thin-film transistor), and an MIM (metal-
insulator-metal) element, etc., are generally known. On the
other hand, the pixel electrodes are typically formed on the
substrate in the same layer as signal lines, scanning lines
(bus lines) in such a manner that they do not contact the
signal lines or the scanning lines.

Additionally, the technique of forming pixel electrodes on
a different layer from the bus lines by disposing the pixel
electrodes on an insulting film is proposed (Japanese Laid-
Open Patent Application No. 156025/1986 (Tokukaisho
61-156025). In the described arrangement, as the pixel
electrodes and the bus lines are formed on different layers,
an increased area of the pixel electrodes (aperture ratio) can
be achieved.

The liquid crystal display device adopting the matrix-type
substrate always faces a problem of a disconnection of wire
due to a defect generated in the manufacturing process. In
order to suppress the generation of such disconnection
defect, the active-matrix type liquid crystal display device
which adopts double bus lines has been proposed (SID 95
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DIGEST of TECHNICAL PAPERS 4: AMLCDs 4.3; “High-
Aperture and Fault-Tolerant Pixel Structure for TFT-
LCDs”).

As shown in FIG. 14, the described active-matrix type
liquid crystal display device is arranged such that two
scanning lines 52 and 52' are formed for each pixel electrode
51, and the scanning lines 52 and 52' are short-circuited by
short-circuit lines 54 formed along signal lines 53 on both
sides of the pixel electrode 51. The short-circuit lines 54 are
superimposed on the pixel electrode 51 via an insulating film
(not shown), and an overlapped portion functions as an
auxiliary capacitance. In the described arrangement, as a
TFT S5 is driven by the two scanning lines 52 and 52', even
if a disconnection occurred in one of the scanning lines 52
and 52', an application of the gate voltage to the TFT 55 can
be ensured through the short-circuit lines 54.

In general, in order to prevent light from leaking through
a gap formed between the pixels, a light-shielding pattern is
formed on the side of the counter electrodes. In the described
arrangement, however, the pixel electrode 51 and the short-
circuit lines 54 are superimposed in a direction perpendicu-
lar to the substrate. Therefore, the short-circuit lines 54 form
a part of the light-shielding pattern.

The arrangement where the pixel electrode and the signal
line are superimposed via the insulating film will be
explained.

In the arrangement shown in FIG. 15, peripheral portions
on both sides of the pixel electrodes 51 are superimposed on
the scanning lines 52 and the signal lines 53. As shown also
in FIG. 16, at a central portion below the pixel electrode 51,
formed is an auxiliary capacitance electrode (hereinafter
referred to as Cs electrode) 56. The Cs electrode 56 is
formed on a gate-insulating film 57 used in common with the
TFT 55 (see FIG. 15). The Cs electrode 56 is in contact with
a contact portion Sla of the pixel electrode 51.

On a substrate 58 made of glass, formed is an auxiliary
capacitance line 59. The gate insulating film 57 is formed so
as to cover the auxiliary capacitance line 59. On both sides
of the Cs electrode 56 on the gate insulating substrate 57,
lower signal lines 60 are formed, and further, signal lines 53
are formed thereon. The lower signal lines 60 and the signal
lines 53 are covered with an insulating substrate 61.

In the described arrangement, as the insulating film 61 is
formed between the pixel electrode 51 and the signal lines
53, an increased area of the pixel electrode 51 can be
obtained irrespectively of the disposed positions of the
signal lines 53.

The arrangement shown in FIG. 17 includes the Cs
electrode 56 having the same structure as that of the afore-
mentioned arrangement of FIG. 15, except that the Cs
electrode 56 is connected to a drain electrode 62 through a
connection line 63. The arrangements shown in FIG. 15 and,
FIG. 17 both have the Cs-on-Common structure wherein an
auxiliary line capacitance is formed by disposing the Cs
electrode 56 on the common auxiliary capacitance line 59
which is used in common among all the pixels.

On the other hand, the arrangement shown in FIG. 18 has
the Cs-on-Gate structure wherein an auxiliary capacitance is
formed by disposing the Cs electrode 56 on the scanning line
52 of an adjacent pixel. In this arrangement, the Cs electrode
56 is connected to a contact portion 51b of the pixel
electrode 51.

In the arrangement shown in FIG. 19, the Cs electrode 56
is connected to the drain electrode 62 through the connection
line 63.

With a demand for higher definition and higher aperture
ratio, there is a tendency of reducing the width of the bus line
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while increasing the number of the bus-line crossing parts,
which increases a disconnection of a bus-line or a leakage at
a portion where the bus-lines are crossed. Furthermore, such
disconnection of bus-line, or the leakage at the crossing
point causes a problem that a voltage cannot be applied
properly to the pixel electrode connected to the disconnected
bus line. Therefore, the portion where the voltage is not
applied appears as a line-shaped defect on the display
screen. In the display element, such line-shaped defect is a
serious problem, and a display device having such line-
shaped defect is considered as an inferior good. Further, an
increase in such inferior goods would lower the yield of the
display device, thereby increasing a manufacturing cost.

Furthermore, when the described arrangement of adopting
the double bus line is applied to the general arrangement
where the pixel electrode and the bus line are formed in the
same layer, as the pixel electrode is formed in the same layer
as the bus line, an increased area of the pixel electrode
cannot be obtained, thereby hindering an improvement of
the aperture ratio. Although a small improvement in aperture
ratio can be achieved by reducing an interval between the
wires; this would causes the problem that a leakage between
the wires is likely to occur.

In the arrangements shown in FIG. 15 through FIG. 19, it
is permitted to arrange such that the pixel electrode 51 and
the data electrodes 53 are superimposed. However, the
capacitance between the pixel electrode 51 and the signal
line 53 cannot be made smaller due to the insulating film 61
formed therebetween. Therefore, the problem of generating
crosstalk due to the capacitance, which would lower the
display quality remains unsolved.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
active-matrix type liquid crystal display device whose struc-
ture permits a generation of a line-shaped defect to be
prevented and an improved aperture ratio to be attained with
ease.

In order to fulfill the above object, an active-matrix type
liquid crystal display device in accordance with the present
invention which includes a plurality of scanning lines
formed on a substrate; a plurality of signal lines formed so
as to cross the scanning lines at right angle; a pixel electrode
formed in a region surrounded by adjacent scanning lines
and adjacent signal lines; and a switching element for
switching ON/OFF an application of a signal voltage to the
pixel electrode through the signal line by a scanning voltage
to be applied to the scanning line is characterized by further
including the following means.

Namely, the first active-matrix type liquid crystal display
device includes auxiliary lines formed in the same layer as
the signal lines. Each auxiliary line short-circuits two por-
tions of the signal line for applying a signal voltage to
corresponding two pixel electrodes which are adjacent to
one another along the signal lines.

The second active-matrix type liquid crystal display
device is arranged so as to include auxiliary lines formed in
the same layer as the scanning lines. Each auxiliary line
short-circuits two portions of the scanning line for applying
a scanning voltage to corresponding two pixel electrodes
which are adjacent to one another along the scanning line.

According to the first active matrix-type liquid crystal
display device, two portions of the signal line are short-
circuited by the auxiliary line. Therefore, when a discon-
nection defect occurred in the signal line, a signal voltage
would be applied to the signal line through the auxiliary line
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4

so as to make a circuit around to avoid the disconnected
portion. This feature offers a particular effect that even if a
disconnection defect occurred between a certain pixel elec-
trode and a next pixel electrode, the signal voltage can be
kept applying to the pixel electrode.

Similarly, in the second active-matrix type liquid crystal
display device, when a disconnection defect occurred in the
scanning line, a scanning voltage is applied to the scanning
line so as to make a circuit around to avoid the disconnected
portion. Therefore, the scanning voltage can be kept apply-
ing to the pixel electrode.

As a result, a generation of a line-shaped defect is
prevented, and good products can be obtained at signifi-
cantly improved yield. Here, the following problem possibly
occurs: That is, a signal line which starts being disconnected
is finally disconnected after the active-matrix type liquid
crystal display device is delivered to the user. The described
active-matrix type liquid crystal displays of the present
invention provide the solution to the described problems and
permits a display quality to be ensured even in the described
situation. Therefore, an active-matrix type liquid crystal
display device permits a reduction in manufacturing cost
while improving a reliability.

As a preferred form of the first or second active matrix-
type liquid crystal display device, it may be arranged such
that each auxiliary line is connected to a single signal line or
a single scanning line at one portion at a predetermined
interval from the crossing point between the signal line and
the scanning line per each pixel region.

The conventional arrangement where the auxiliary line is
connected to the signal line or the scanning line at a plurality
of portions formed at different intervals from the crossing
point between the signal line and the scanning line per pixel
region has such a drawback that the signal line or the
scanning line between the connecting portions will not be
short-circuited to the signal line or the scanning line corre-
sponding to the adjacent pixel electrode. In contrast, the
described arrangement of the present invention eliminates
the described problem, i.e., the defective portion where the
signal line or the scanning line is not short-circuited by the
auxiliary lines by specifying the connecting portion between
the auxiliary line and the signal line or the scanning line.

The auxiliary line of the present invention is arranged so
as to have a minimum length required for applying a signal
voltage or the scanning voltage in replace of the signal line
or the scanning line at an occurrence of disconnection
defect. Therefore, even if a material of a large specific
resistance, such as [TO, etc., is adopted for the auxiliary line,
an overall increase in resistance of the wires can be
suppressed, thereby preventing the deterioration of the dis-
play characteristics. Therefore, the active-matrix type liquid
crystal display device can be achieved with an improved
yield at low cost with high reliability.

As another preferred form of the first or the second
active-matrix type liquid crystal display device, it may be
arranged such that each auxiliary line is formed in a width
narrower than that of the signal line or the scanning line to
be connected thereto.

The feature that the auxiliary line is formed narrower than
the signal line or the scanning line offers an effect that the
region where light is blocked by the auxiliary lines in the
pixel can be reduced, thereby suppressing a drop in aperture
ratio of the pixel. Moreover, an increase in parasitic capaci-
tance between the signal line or the scanning line and the
pixel electrode can be suppressed.

As a still another preferred form, the first or second
active-matrix type liquid crystal display device may be
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arranged such that each auxiliary lines are made of a
transparent electrically conductive material.

This feature offers an effect that the light that is transmit-
ted through the pixel will not be blocked by the auxiliary
lines, thereby preventing a drop in aperture ratio of the pixel.
As a result, the active-matrix type liquid crystal display
having the described arrangement offers an improved dis-
play quality.

As a still another preferred form of the first or second
active-matrix type liquid crystal display device, it may be
arranged such that the pixel electrodes is formed on an
organic insulating film which covers the signal electrode.

In general, as an organic insulating film has a low
dielectric constant, a capacitance between the pixel elec-
trode and the signal line can be reduced. Also, the capaci-
tance between the scanning line formed under the signal line
and the pixel electrode can be reduced. Therefore, a gen-
eration of crosstalk due to the capacitance formed between
the pixel electrode and the signal line can be suppressed, and
also the pixel voltage that is pulled-in due to the capacitance
formed between the scanning line and the pixel electrode
can be suppressed. Therefore, the active-matrix type liquid
crystal device permits an improved display quality by sup-
pressing the effect from each of the described capacitances.

As a still another preferred form of the first or second
active-matrix type liquid crystal display device, it may be
arranged such that an insulating film is formed between the
pixel electrodes and the signal lines or the scanning lines. On
the other hand, two auxiliary lines are respectively con-
nected to two adjacent signal lines or two adjacent scanning
lines which are disposed so as to surround the pixel elec-
trode. According to the described arrangement, capacitances
are respectively formed between the pixel electrode and one
auxiliary line and between the pixel electrode and the other
auxiliary line, and the auxiliary lines are formed in such a
manner that the described two capacitances are equal.
Further, a signal voltage whose polarity reverses per every
line is applied to the signal line.

For example, the auxiliary lines are disposed in such a
manner that portions connected to one signal line or scan-
ning line are alternately formed between both sides of the
signal line or the scanning line. In other words, the auxiliary
lines are disposed in such a manner that a plurality of the
auxiliary lines are connected to one signal line or scanning
line on its opposite sides every one auxiliary line.

In the arrangement where the signal lines are formed in
the described pattern, and a signal voltage whose polarity
reverses per line is applied to the signal lines, influences
from respective capacitances between the pixel electrode
and the auxiliary lines can be cancelled out, thereby reduc-
ing an influence of the capacitance. As a result, the active-
matrix type liquid crystal display having the described
arrangement permits a display quality to be improved by
reducing a generation of crosstalk due to the capacitance.

The first method of compensating for a defective pixel in
accordance with the present invention for the first active-
matrix type liquid crystal display device is characterized in
that the signal line is cut off on both sides of the scanning
line when a leakage defect occurred at a crossing point
between the scanning line and the signal line.

According to the described method, when a leakage defect
occurred in the crossing point between the scanning line and
the signal line, the signal line is disconnected on both sides
of the scanning line. After the signal line is disconnected, a
voltage is not applied to the signal line at the connecting
portion, thereby preventing a generation of leakage.
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Moreover, even after the signal line is disconnected, as a
voltage can be kept applying to the signal line by the
auxiliary lines, a generation of a defective pixel can be
prevented. As a result, the method of compensating for a
defective pixel electrode permits an improved signal quality
by eliminating the leakage defect.

The second method of compensating for a defective pixel
designed for the second active-matrix type liquid crystal
display device is characterized in that the scanning line is cut
of f on both sides of the signal line when a leakage defect
occurred at a crossing point between the signal line and the
scanning line.

The described method offers the same effect as achieved
by the first method of compensating for a defective pixel
electrode. That is, by cutting off the scanning line, a voltage
is not applied to the connecting portion of the scanning line,
thereby preventing a generation of leakage. Moreover, even
after the signal line is disconnected, as a voltage can be kept
applying to the scanning line by the auxiliary lines, a
generation of a defective pixel can be prevented. As a result,
the method of compensating for a defective pixel electrode
permits an improved signal quality by eliminating the leak-
age defect.

The novel features which are considered as characteristic
of the invention are set forth in particular in the appended
claims. The improved treatment method, as well as the
construction and mode of operation of the improved treat-
ment apparatus, will, however, be best understood upon
perusal of the following detailed description of certain
specific embodiments when read in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing a structure of a wiring
substrate for use in an active-matrix type liquid crystal
display device in accordance with the first embodiment of
the present invention.

FIG. 2 is a plan view which shows an enlarged view of the
arrangement of one pixel region in the wiring substrate of
FIG. 1.

FIG. 3 is a cross-sectional view of the wiring substrate of
FIG. 2 taken along lines A—A'.

FIG. 4 is a cross-sectional view showing the arrangement
of a portion of a TFT in the wiring substrate of FIG. 2.

FIG. § is a plan view showing another arrangement where
an auxiliary line is connected to the signal line in the wiring
substrate in accordance with the first embodiment of the
present invention.

FIG. 6 is a plan view showing a still another arrangement
where an auxiliary line is connected to the signal line in the
wiring substrate in accordance with the first embodiment of
the present invention.

FIG. 7 is a plan view showing an arrangement of one pixel
region of a wiring substrate for use in an active-matrix type
liquid ecrystal display device in accordance with the second
embodiment of the present invention.

FIG. 8 is a plan view showing another arrangement of one
pixel region of a wiring substrate for use in an active-matrix
type liquid crystal display device in accordance with the
second embodiment of the present invention.

FIG. 9 is a plan view showing an arrangement of one pixel
region of a wiring substrate for use in an active-matrix type
liquid crystal display device in accordance with the third
embodiment of the present invention.

FIG. 10(a) and FIG. 10() are waveform diagrams show-
ing waveforms of voltage respectively applied to signal lines



US 6,462,792 B1

7

and scanning lines when a source line inversion or a dot
inversion occurs in the wiring substrate shown in FIG. 9.

FIG. 11 is a plan view showing an arrangement of a wiring
substrate for use in an active-matrix type liquid crystal
display device in accordance with a fourth embodiment of
the present invention.

FIG. 12 is a plan view showing the state where a discon-
nection defect occurred in the wiring substrate of FIG. 11.

FIG. 13 is a plan view which explains a compensation for
a leakage defect generated in the wiring substrate of FIG. 11.

FIG. 14 is a plan view showing the arrangement of one
pixel region of a conventional active-matrix type liquid
crystal display device adopting a double scanning line.

FIG. 15 is a plan view showing an arrangement of one
pixel region of a wiring substrate for use in a conventional
active-matrix type liquid crystal display device having an
auxiliary capacitance of the Cs-on-Common structure.

FIG. 16 is a cross-sectional view of the wiring substrate-
of FIG. 15 taken along lines B-B'.

FIG. 17 is a plan view showing another arrangement of
one pixel region of the conventional active-matrix type
liquid crystal display device having an auxiliary capacitance
of the Cs-on-Common structure.

FIG. 18 is a plan view showing the arrangement of one
pixel region of the conventional active-matrix type liquid
crystal display device having an auxiliary capacitance of the
Cs-on-Gate structure.

FIG. 19 is a plan view showing another arrangement of
one pixel region of the wiring substrate of the conventional
active matrix-type liquid crystal display having an auxiliary
capacitance of the Cs-on-Gate structure.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

The following descriptions will discuss one embodiment

of the present invention in reference to FIG. 1 through FIG.
6.

As shown in FIG. 1, an active-matrix type liquid crystal
display device in accordance with the present embodiment
(hereinafter referred to as a liquid crystal display device) is
provided with a wiring substrate which includes a plurality
of scanning lines 1, a plurality of signal lines 2, a plurality
of auxiliary capacitance lines 3 (hereinafter referred to as Cs
lines), etc. The liquid crystal display device is provided with
a liquid crystal panel including the described wiring sub-
strate. The liquid crystal panel is arranged such that the
wiring substrate and a counter substrate whereon a common
electrode (not shown) is disposed are connected together
with a predetermined interval between them. In the space
formed between the substrates, a liquid crystal is sealed.

The scanning lines 1 formed in parallel at predetermined
intervals, the signal lines 2 formed in parallel at predeter-
mined intervals and the Cs lines 3 formed in parallel at
predetermined intervals are disposed on a substrate 8 (see
FIG. 3) to be described later. The signal lines 2 which serve
as signal lines are formed so as to cross the scanning lines
1 which serve as scanning lines at right angle. The Cs lines
3 are used in common among all the pixels, and are formed
parallel to the scanning lines 1. In a region surrounded by the
adjacent scanning lines 1 and the adjacent signal lines 2,
provided is a pixel electrode 4.

Under the pixel electrode 4, formed are auxiliary lines S.
The auxiliary lines 5 are formed at a central portion of the
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pixel electrode 4 so as to be parallel to the signal lines 2.
Each auxiliary line 5 forms a pair with corresponding signal
line 2 for each pixel electrode 4. The auxiliary line 5 is made
of a metallic material of the same kind as that of the signal
line 2 with a smaller width than that of the signal line 2.
Here, the auxiliary line § may be made of an electrically
conductive film such as indium tin oxide (ITO).

In a vicinity of a crossing point between the scanning line
1 and the signal line 2, provided is a TFT 6 which serves as
a switching element. The TFT 6 includes a semiconductor
layer 6a. The semiconductor layer 6a is formed on the
scanning line 1 via a gate insulating film 9 (FIG. 3), to be
described later. The ends of the semiconductor layer 6a are
respectively connected to the signal line 2 and a drain
electrode 7. Further, an intermediate portion of the semi-
conductor layer 6a is formed as a channel region. The drain
electrode 7 is pulled under the pixel electrode 4 so as to be
connected therewith. Such connection is made by a contact
portion 4a of the pixel electrode 4.

By applying an ON-voltage (scanning voltage) to the
scanning line 1, the TFT 6 is switched ON, and further, a
voltage that is to be applied to the signal lines 2 is applied
to the pixel electrode 4 so as to charge the pixel capacitance.

The Cs lines 3 are formed in such a manner that each Cs
line 3 is disposed between adjacent two scanning lines 1. As
shown in FIG. 2 and FIG. 3, the Cs line 3 is formed on the
substrate 8 made of an insulating and transparent material
such as glass, etc. As shown in FIG. 3 and FIG. 4, the
scanning line 1 is formed in the same layer as the Cs line 3.

As shown in FIG. 3, on the Cs line 3, two auxiliary
capacitance electrodes 10 (hereinafter referred to as Cs
electrodes) are formed for each pixel via the gate insulating
film 9. On the gate insulating film 9, auxiliary lines 5§ are
formed between the Cs electrodes 10, and lower layer signal
lines 11 are formed on both sides of the Cs electrodes 10. On
the lower layer signal lines 11, the signal lines 2 are formed.

Further, the described layers are covered with an insulat-
ing film 12 whereon a pixel electrode 4 is formed. The pixel
electrode 4 has concave contact portions 4b respectively in
contact with the Cs electrodes 10. The insulating film 12 is
made of an organic material of a low dielectric constant
represented by resin.

The Cs electrodes 10 are formed on the Cs lines 3 which
are used in common among all the pixels. The auxiliary
capacitance has the Cs-on-Common structure composed of
the Cs line 3, the Cs electrodes 10 and the gate insulating
film 9 sandwiched therebetween.

It should be noted here that the present embodiment is not
limited to the described arrangement, and other
arrangements, for example, below-explained arrangements
may be adopted.

In the arrangement shown in FIG. §, one of the Cs
electrodes 10 is connected to the drain electrode 7 through
the connection line 13. This arrangement has the Cs-on-
Common structure as in the arrangement of FIG. 2, but is
different from the arrangement of FIG. 2 in that the drain
electrode 7 is connected to the picture electrode 4 via the Cs
electrode 10.

On the other hand, in the arrangement shown in FIG. 6,
a part of the Cs electrodes 10 is formed on the scanning line
1 for the adjacent pixel electrode 4. This arrangement has the
Cs on gate structure wherein an auxiliary capacitance is
formed by the scanning line 1, the Cs electrode 10 and the
described gate insulating film 9 (see FIG. 3) sandwiched
therebetween.

The manufacturing process of the wiring substrate having
the described arrangement will be explained in reference to
FIG. 3 and FIG. 4.
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First, an electrically conductive thin film is formed on the
insulating and transparent substrate 8, and the scanning line
1 and the Cs line 3 are formed by performing a patterning of
the electrically conductive thin film. In this embodiment, a
glass substrate is used for the substrate 8; however, a
material for use in the substrate 8 is not limited to glass, and
any materials having an insulating property and a property
that light is transmissible therethrough may be used. For the
electrically conductive thin film, a Ta series metallic mate-
rial may be used; however, the material for the electrically
conductive thin film is not limited to the Ta series metallic
material, and other electrically conductive materials may be
used.

Next, an insulating thin film (gate insulating film 9), a
semiconductor thin film (semiconductor layer 6a) and a
semiconductor-electrode contact material thin film are
formed in this order so as to cover the scanning lines 1 and
the Cs lines 3 to form semiconductor contact layers 14.

Here, silicon nitride is used as the insulating thin film,
amorphous silicon is used as the semiconductor thin film,
and n* amorphous silicon is used as a contact material thin
film. It should be noted here that the insulating thin film may
be formed using other insulating materials than the silicon
nitride.

Thereafter, the transparent electrically conductive thin
film and the electrically conductive thin film are formed so
as to be superimposed, and a patterning of an electrically
conductive thin film is performed, thereby forming the
signal line 2, the drain electrode 7 and the source electrode
15. Subsequently, by performing a patterning of the trans-
parent electrically conductive thin film, the lower layer
signal line 11, the lower layer drain electrode 16, the lower
layer source electrode 17, the auxiliary lines 5, and the Cs
electrode 10 are formed. Namely, the TFT 6 is formed by the
described patterning. As to the TFT 6, as long as it serves as
a switching element, the material, the structure and the
manufacturing method thereof are not particularly limited.

Here, ITO is used as the transparent electrically conduc-
tive thin film, and the Ta series metallic material is used as
the electrically conductive thin film. However, other elec-
trically conductive materials may be used. Additionally, it is
permitted to form the signal lines 2, the auxiliary lines 5, the
drain electrodes 7 and the Cs electrodes 10 by a metallic
material of one kind, or by a transparent electrically con-
ductive material such as ITO. In this case, the need of the
lower signal lines 11 is eliminated.

No matter which materials are used respectively for the
transparent electrically conductive thin film and the electri-
cally conductive thin film, the auxiliary lines 5 are formed
together with the signal lines 2, the Cs electrodes 10, etc.,
which are needed in manufacturing the wiring substrate.
Therefore, the number of processes does not increase by
providing the auxiliary lines § compared with the conven-
tional manufacturing method of the display element in that
an increase in the number of processes required for forming
the auxiliary lines 5 can be prevented.

The width of the signal line 2 is set to around 8 um in
consideration of electric driving conditions. The width of the
auxiliary line 5 is set to around 4 um in consideration of a
processing precision of the ITO.

Further, the insulating layer which serves as the insulating
film 12 is formed, and a contact hall (see FIG. 4) for
connecting the pixel electrode 4 and the drain electrode 7
and another contact hall (see FIG. 3) for connecting the pixel
electrode 4 and the Cs electrode 10 are formed thereon.
Here, the insulating layer is made of a photoconductive
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acrylic resin with a thickness of around 3.0 yum. The dielec-
tric constant of the acrylic resin is set to 3.5. Here, for the
insulating layer, organic materials other than the acrylic
resin may be used as long as the materials show the
insulating property.

Then, by forming and subsequently patterning the I'TO,
the pixel electrode 4 is formed. Here, the contact portions 4a
and 4b are formed in the contact hall. For the pixel electrode
4, other electrically conductive materials than ITO may be
used.

The wiring substrate having the structure shown in FIG.
3 and FIG. 4 are formed in the described manner.

The matrix display element in accordance with the present
embodiment having the described arrangement offers the
following advantageous characteristics:

(1) Even when a disconnection of the signal line 2 occurs,
an application of a voltage to the pixel electrode 4 can be
ensured by the auxiliary lines 5, thereby preventing a
generation of a line-shaped defect due to the disconnection;

(2) When a leakage occurs in a portion where the scanning
line 1 and the signal line 2 are crossed, or a portion where
the scanning line 1 and the auxiliary line 5 are crossed, the
signal line 2 or the auxiliary line 5 is cut off on both sides
of the crossing point by projecting thereto a laser beam, etc.
As a result, a voltage will not be applied to the signal line
2 or the auxiliary line 5 at the defective crossing point,
thereby eliminating a generation of leakage;

(3) By arranging the auxiliary line 5 so as to have a
narrower width than that of the signal line 2, a reduction in
the aperture ratio of the pixel can be suppressed. Moreover,
by forming the auxiliary line § by the transparent electrically
conductive material such as ITO, the light transmitted
through the pixel will not be blocked by the auxiliary lines
5, thereby preventing a reduction in the aperture ratio of the
pixel; and

(4) By adopting resin for the insulating film 12, the
capacitance (parasitic capacitance) between the signal lines
2 and the pixel electrode 4, and the capacitance between the
auxiliary line 5 and the pixel electrode 4 can be made
smaller. Here, the smaller is the dielectric constant of the
resin and the thicker is the resin layer, the smaller is the
capacitance, and the crosstalk due to the capacitance can be
reduced.

Second Embodiment

The following descriptions will discuss the second
embodiment of the present invention in reference to FIG. 7
and FIG. 8. Here, members having the same functions as
those of the first embodiment will be designated by the same
reference numerals, and thus the descriptions thereof shall
be omitted here.

A liquid crystal display device in accordance with the
present invention includes a wiring substrate respectively
having a structure shown in FIG. 7 or FIG. 8. In both
arrangements shown in FIG. 7 and FIG. 8, scanning lines 1,
signal lines 2, Cs lines 3 and picture electrodes 4 are
disposed in the same manner as the wiring substrate adopted
in the first embodiment.

On the wiring substrate shown in FIG. 7, a Cs electrode
21 is deposited on the Cs lines 3 via a gate insulating film
(not shown), to form an auxiliary capacitance of the Cs on
Common structure. The Cs electrode 21 is in contact with
the pixel electrode 4 at a contact portion 4c. In the wiring
substrate of the present embodiment, auxiliary lines 22 are
formed in replace of the auxiliary lines § (see FIG. 1)
adopted in the first embodiment.
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The auxiliary lines 22 are formed between the scanning
line 1 formed at a lower portion of the pixel electrode 4 and
the Cs line 3 so as to be parallel to the scanning line 1.
Although not shown, the auxiliary lines 22 are connected to
the scanning line 1 for each pixel electrode 4. As a result, the
auxiliary lines 22 respectively make pair with the scanning
lines 1. The auxiliary lines 22 are made the same metallic
material as the scanning lines 1 with a constant width
narrower than that of the scanning lines 1. The auxiliary
lines 22 may be made of a transparent electrically conduc-
tive film such as indium tin oxide (ITO).

On the wiring substrate shown in FIG. 8, the Cs electrode
21 is formed on the scanning line 1 through the gate
insulating film. As a result, the auxiliary capacitance of the
Cs-on-Gate structure is formed. The Cs electrode 21 is in
contact with the pixel electrode 4 at a contact portion 4d.

Both of the described wiring substrates are manufactured
in the same manner as the wiring substrate adopted in the
first embodiment except that the process of forming the
auxiliary lines 5 in the first embodiment is replaced by the
process of forming the auxiliary lines 22 together with the
scanning lines 1 and the Cs lines 3.

In this process, an electrically conductive thin film made
of, for example, Ta series metallic material is formed on the
surface of the substrate. Then, by performing a patterning of
the electrically conductive thin film, the scanning lines 1, the
Cs lines 3 and the auxiliary lines 22 are formed. The
described process may be formed by superimposing the
transparent electrically conductive thin film such as ITO,
etc., and the electrically conductive thin film on the sub-
strate. Then, by performing a patterning of the electrically
conductive thin film, the scanning lines 1 and the Cs lines 3
are formed. Thereafter, a patterning of the transparent elec-
trically conductive thin film is performed to form the aux-
iliary lines 22.

The matrix display element in accordance with the present
embodiment having the described arrangement offers the
following advantageous characteristics:

(1) Even when a disconnection of the scanning line 1
occurs, an application of a voltage to the pixel electrode 4
can be ensured by the auxiliary lines 22, thereby preventing
a generation of a line-shaped defect due to the disconnec-
tion;

(2) When a leakage occurs in a portion where the scanning
line 1 and the signal line 2 are crossed, or a portion where
the signal line 2 and the auxiliary line 22 are crossed, the
scanning line 1 or the auxiliary line 5 is cut off on both sides
of the crossing point by projecting thereto a laser beam, etc.
As a result, a voltage will not be applied to the scanning line
1 or the auxiliary line 22 at the crossing point, thereby
eliminating a generation of leakage;

(3) By arranging the auxiliary line 22 so as to have a
narrower width than that of the scanning line 1, a reduction
in the aperture ratio of a pixel can be suppressed. Moreover,
by forming the auxiliary lines 22 by the transparent electri-
cally conductive material such as ITO, the light transmitted
through the pixel will hot be blocked by the auxiliary lines
22, thereby preventing a reduction in the aperture ratio of the
pixel; and

(4) By adopting resin for the insulating film 12, the
capacitance between the scanning lines 1 and the pixel
electrode 4 and the capacitance between the auxiliary lines
22 and the pixel electrode 4 can be made smaller. Here, the
smaller is the dielectric constant of the resin and the thicker
is the resin layer, the smaller is the capacitance, and an
amount of the pixel voltage that is pulled in by the capaci-
tance can be reduced.
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The pixel voltage is pulled in through the following
mechanism: When a capacitance (C,,) between the gate and
the drain (pixel) increases, and afterward the gate is set ON
so as to charge the pixel, and then the gate is set OFF. In this
state, the drain potential is pulled-in to the gate through the
capacitance (C,,), and as a result, the potential of the pixel
drops.

The electric potential thus pulled-in becomes a DC com-
ponent to be applied to the liquid crystal sealed between the
pixel electrode and the common electrode. As this DC
component adversely affects the liquid crystal, the DC
component is cancelled out by optimizing a voltage to be
applied to the common electrode. However, when the C,, is
large, variations in the capacitance C,, are likely to increase
due to the variations in processing each pixel, and the DC
component cannot be cancelled out completely in the liquid
crystal panel, thereby reducing a reliability of the liquid
crystal. In contrast, according to the wiring substrate of the
present embodiment, as the capacitance C,, can be made
smaller, a reliability of the liquid crystal can be improved.

Third Embodiment

The following descriptions will discuss the third embodi-
ment of the present invention in reference to FIG. 9, FIG.
10(a) and FIG. 10(b).

As shown in FIG. 9, a liquid crystal display device in
accordance with the present embodiment is provided with a
wiring substrate whereon two adjoining auxiliary lines 31
and 32 are formed between adjoining signal lines 2. The
auxiliary lines 31 and 32 are made of a transparent electri-
cally conductive material such as a metallic material or ITO
so as to have the same width, and are formed in parallel to
the signal lines 2 under the pixel electrode 4. For each pixel
electrode 4, the auxiliary line 31 is connected to a signal line
2 for applying a voltage to the pixel electrode 4 in a line. The
auxiliary line 32 is connected to the signal line 2 for
applying a voltage to the pixel electrode 4 of the adjacent
line.

By the described arrangement of the auxiliary lines 31 and
32, three Cs electrodes 33 are formed on the Cs line 3 so as
to avoid the auxiliary lines 31 and 32.

The manufacturing method of the described wiring sub-
strate of the present embodiment differs from that of the first
embodiment in its respective patterning processes for form-
ing the auxiliary lines and the Cs electrode and a patterning
process of the insulating layer for forming a contact hall.

Specifically, the wiring substrate of the present embodi-
ment is arranged such that the capacitance between the pixel
electrode 4 and the auxiliary line 31 is set equal to the
capacitance between the pixel electrode 4 and the auxiliary
line 32. When displaying in the liquid crystal display device
provided with the described wiring substrate, a polarity of
the voltage to be applied to the signal line 2 reverses at every
line. For example, when carrying out a source line inversion,
the waveform (sources 1 and 2) shown in FIG. 10(a) is
applied to the two signal lines 2 which are adjacent to each
other. On the other hand, when performing a dot inversion
in which the line inversion and 1H inversion are combined,
the waveform (sources 1 and 2) shown in FIG. 10(b) is
applied to the signal lines 2 which are adjacent to each other.

For certain pixel electrode 4, supposed the capacitance of
pixel, the capacitance between the pixel electrode 4 and the
signal line 2 (auxiliary line 5), and the capacitance between
the pixel electrode 4 and the next signal line 2 (auxiliary line
5) be respectively C,. (liquid crystal capacitance)+C.,,
(auxiliary capacity C..), C,,; and C,,, and respective
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changes in potential in the signal line 2 and the next signal
line 2 be V, and V. Then, the effect on the pixel potential
V, by the capacitance C,; can be approximated by the
following formula:

AV =V XCoont/(Cog1tCrotCog) + VirX Cogo (CogptCr Cog)

In the line inversion or the dot inversion, as the respective
potentials V_, and V_, have opposite polarities (line sources
1 and 2 in FIG. 10(&) and FIG. 10(b)), AV, a change in pixel
potential, can be made smaller. Namely, as C, is equal to
C, > the above-mentioned formula can be rewritten as
follows, and the AV, can be most efficiently reduced.

AV =(Voy #V ) C o (Cot Cy 4Cp),

wherein C,,, (=C,,,) is denoted by C,,.

The described features of the present embodiment permits
the effect from the capacitance to be reduced, thereby
providing a liquid crystal display of high display quality by
suppressing a generation of crosstalk. Here, the crosstalk
suggests a crosstalk generated in the direction of the signal
line 2.

Fourth Embodiment

The following descriptions will discuss the fourth
embodiment of the present invention in reference to FIG. 11
through FIG. 13.

As shown in FIG. 11, a liquid crystal display device in
accordance with the present embodiment has a wiring sub-
strate whereon a plurality of auxiliary lines 41 are formed
under pixel electrodes 4. For example, the auxiliary lines 41
are disposed in such a manner that portions connected to one
signal line 2 or scanning line 1 are alternately formed
between both sides of the signal line 2 or the scanning line
1. In other words, the auxiliary lines are disposed in such a
manner that a plurality of the auxiliary lines 41 are con-
nected to one signal line 2 or scanning line 1 on its opposite
sides every one auxiliary line 41. Between the pixel elec-
trodes 4 which are adjacent to each other along the scanning
lines 1, one end of the two auxiliary lines 41 is connected to
the signal line 2 at the closest position.

By the described arrangement of the auxiliary lines 41, for
each pixel electrode 4, two Cs electrodes 10 are formed on
the Cs line 3 so as to avoid the auxiliary lines 41.

As in the case of the third embodiment, the manufacturing
method of the wiring substrate in accordance with the
present embodiment differs from that of the first embodi-
ment in respective patterning processes for forming the
auxiliary lines and the Cs electrode and the patterning
process of the insulating layer for forming a contact hall.

The wiring substrate of the present embodiment is
arranged such the respective capacitances between the pixel
electrode 4 and two auxiliary lines 41 formed under the pixel
electrode 4 are equal. When displaying in the liquid crystal
display device having the described wiring substrate, the
polarity of the voltage to be applied to the signal line 2
reverses at every line as described earlier. As a result, the
effects from the capacitance can be reduced, thereby pro-
viding a high quality liquid crystal display which hardly
generates a crosstalk.

Furthermore, as the wiring substrate of the present
embodiment is arranged such that the auxiliary lines 41 are
dispersed along the signal line 2, a washing defect hardly
occurs in the processes using some liquid such as wet
etching, washing, etc., to be performed in the manufacturing
process of the wiring substrate. Therefore, compared with
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the wiring substrate where the auxiliary lines 31 and 32 are
formed successively along the signal line (see FIG. 9), the
wiring substrate of an improved quality can be achieved.

Furthermore, the arrangement of the present invention
offers advantageous characteristics over the arrangement of
the third embodiment in that the number of the portions
where the auxiliary lines 41 cross the scanning lines 1 and
the Cs lines 3 can be reduced, thereby suppressing a gen-
eration of a leakage defect at the crossing point.

When a disconnection defect occurred in the wiring
substrate, as shown in FIG. 12, a voltage is applied to the
signal line 2.

For example, when the signal line 2 (2A) is disconnected
at a disconnected portion P, the voltage is applied to the
adjacent signal line 2A by making a circuit around the
disconnected portion P through the auxiliary lines 41 (41A).

In the pixel electrode 4, when the signal line 2 (2B) and
the auxiliary lines 41 (41B) connected to the adjacent signal
line 2A are disconnected at a disconnected portion Q, the
voltage takes the disconnected portion Q around by the
auxiliary line 41 (41C) to be applied to the signal line 2B.

In the wiring substrate, when a leakage is generated, as
shown in FIG. 13, the line-shaped defect is purposely
disconnected using a laser beam to compensate for the
leakage. In the present embodiment, a YAG (Yttrium-
Aluminum-Garnet) laser with a laser power of from 10~ to
107° J/um? is used in the state where the wiring substrate
permits a lightening display.

Here, the lightening display permitting state indicates the
state where a liquid crystal panel is assembled by laminating
the wiring substrate and the counter substrate and sealing the
liquid crystal therebetween. A signal of a simple waveform
is applied to the scanning lines 1 and the signal line 2 of the
described liquid crystal panel to observe the leakage
between the scanning line 1 and the signal line 2.

For example, in the case where a leakage occurred in a
crossing point R between the scanning line 1 and the signal
line 2, the signal line 2 is cut off by projecting the laser beam
on both sides (cut portions R, and R,) of the scanning line
1.

Similarly, when a leakage defect occurred in a crossing
point S between the signal line 2 and the Cs line 3, the signal
line 2 is cut off by projecting a laser beam on both sides of
the Cs line 3 (cut portions S; and S,).

Furthermore, when a leakage occurs at the crossing point
T between the scanning line 1 and the auxiliary line 41, the
auxiliary line 41 is cut off by projecting a laser beam on both
sides of the scanning line 1 (cut portions T, and T,).

In the described preferred embodiment, explanations have
been given through the case where a wire is disconnected by
projecting thereto a laser beam. However, the present inven-
tion is not limited to the method adopted in this preferred
arrangement. For example, when a generation of a leakage
in the wiring substrate is observed before being laminated to
the counter substrate, the disconnection using the physical or
chemical means other than the laser beam may be adopted
to compensate for the leakage. The same can be said for
compensation in the manufacturing process of the wiring
substrate.

As described, by forming the auxiliary line 41, even if a
disconnection defect occurs, the voltage can be kept apply-
ing to the signal line 2. Furthermore, even if a leakage defect
occurs, it is permitted to purposely disconnect to eliminate
the leakage defect. As described, even if the disconnection
is made purposely, as the double-wire is provided, the
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voltage can be kept applying to the signal line 2 as in the
case of the disconnection defect.

The described technique of compensating for the discon-
nection defect and the leakage defect can be also adopted to
the respective wiring substrates adopted in the aforemen-
tioned preferred embodiments.

Furthermore, in the respective wiring substrates of the
described preferred embodiments and the present
embodiment, the TFT 6 of the reverse-stagger type is
adopted. However, the present invention is also applicable to
the case where the TFT of the stagger-type or MIM element
is adopted as the switching element.

In the case where the TFT of the stagger type is adopted,
the respective positions of gate and the semiconductor layer
would differ from the case where the reverse-stagger type
TFT is adopted.

In the case of adopting the MIM element, the scanning
line 1 is omitted from the described wiring substrate, and the
scanning line of the same width as that of the pixel electrode
is formed on the counter substrate (color filter substrate) in
replace of the described scanning line 1. Therefore, in this
case, the present invention can be applied to the signal line
formed together with the MIM element on the wiring
substrate.

In this case, however, the pixel electrode is required to be
formed on a different layer from the signal line via the
insulating film as described in each of the preferred embodi-
ments.

Without further analysis, the foregoing will so fully reveal
the gist of the present invention that others can, by applying
current knowledge, readily adapt it for various applications
without omitting features that, from the standpoint of prior
art, fairly constitute essential characteristics of the generic
and specific aspects of the instant contribution to the art and,
therefore, such adaptations should and are intended to be
comprehended within the meaning and range of equivalence
of the appended claims.

What is claimed is:

1. The active-matrix type liquid crystal display device
comprising:

a substrate;

pixel electrodes disposed in a matrix form on said sub-
strate;

a plurality of scanning lines in a layer of said substrate, for
applying a scanning line voltage to each pixel
electrode, said plurality of scanning lines being aligned
in parallel so as to pass between pixel electrodes;

a plurality of signal lines crossing said plurality of scan-
ning lines at a right angle, said signal lines applying a
signal voltage to each pixel electrode, and said plurality
of signal lines being aligned in parallel so as to pass
between pixel electrodes;

each pixel electrode is disposed in a region adjacent
scanning lines and adjacent signal lines;

a switching element for switching ON/OFF an application
of a signal voltage to each pixel electrode through each
signal line by a scanning voltage to be applied to each
scanning line, and

auxiliary lines formed in the same layer as said scanning
lines, each auxiliary line short-circuiting two regions of
one of said plurality of scanning lines and applying the
scanning voltage respectively to two pixel electrodes
which are adjacent to each other along the scanning
line.

2. An active-matrix type liquid crystal display device,

comprising;
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a substrate;

a plurality of scanning lines formed on said substrate;

a plurality of signal lines formed so as to cross said

plurality of scanning lines at right angles;

pixel electrodes each disposed in a region adjacent scan-

ning lines and adjacent signal lines; and

switching elements for switching ON/OFF application of

signal voltages to said pixel electrodes through said

plurality of signal lines by means of scanning voltages

to be applied to said plurality of scanning lines,

wherein:

said plurality of signal lines includes auxiliary lines
formed in a same layer as said plurality of signal
lines and electrically connected to said plurality of
signal lines;

said pixel electrodes are insulated from said plurality of
signal lines and said auxiliary lines to form a sepa-
rate layer, and

each of said pixel electrodes has a first overlapping
portion which overlaps at least one of a first signal
line and an auxiliary line which short-circuits the
first signal line,

each of said pixel electrodes has a second overlapping
portion which overlaps at least one of a second signal
line, and an auxiliary line which short-circuits the
second signal line; and

the two overlapping portions have equal capacitances.

3. The active-matrix type liquid crystal display device as
set forth in claim 2 wherein:

a signal voltage whose polarity reverses at every signal

line is applied to each signal line; and

a voltage applied to one of the two overlapping portions

has an opposite polarity from that applied to another of
the overlapping portions.

4. A method of compensating for a defective pixel
designed for an active-matrix type liquid crystal display
device including:

a substrate;

a plurality of scanning lines formed on said substrate;

a plurality of signal lines formed so as to cross said

plurality of scanning lines at right angles;

pixel electrodes each disposed in a region adjacent scan-

ning lines and adjacent signal lines; and

switching elements for switching ON/OFF application of

signal voltages to said pixel electrodes through said

plurality of signal lines by means of scanning voltages

to be applied to said plurality of scanning lines, wherein

said plurality of signal lines includes auxiliary lines
formed in a same layer as said plurality of signal
lines and electrically connected to said plurality of
signal lines;

said pixel electrodes are insulated from said plurality of
signal lines and said auxiliary lines to form a sepa-
rate layer, and

each of said pixel electrodes has a first overlapping
portion which overlaps at least one of a first signal
line and an auxiliary line, which short-circuits the
first signal line,

each of said pixel electrodes has a second overlapping
portion which overlaps at least one of a second signal
line, and an auxiliary line which short-circuits the
second signal line; and

the two overlapping portions have equal capacitances,
wherein:
said method is such that when a leakage defect

occurs at a crossing point between a scanning line
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and a signal line, the signal line is cut off on both
sides of the scanning line.
5. An active-matrix type liquid crystal display device,

comprising

a substrate;
a plurality of scanning lines formed on said substrate;

a plurality of signal lines formed so as to cross said
plurality of scanning lines at right angles;

pixel electrodes each disposed in a region adjacent scan-
ning lines and adjacent signal lines;

switching elements for switching ON/OFF application of

signal voltages to said pixel electrodes through said

plurality of signal lines by means of scanning voltages

to be applied to said plurality of scanning lines,

wherein:

said plurality of signal lines includes auxiliary lines
formed in a same layer as said plurality of signal
lines and electrically connected to said plurality of
signal lines;

said pixel electrodes are insulated from said plurality of
signal lines and said auxiliary lines to form a sepa-
rate layer, and

each of said pixel electrodes has a first overlapping
portion which overlaps at least one of a first signal
line and an auxiliary line which short-circuits the
first signal line,

each of said pixel electrodes has a second overlapping
portion which overlaps at least one of a second signal
line and an auxiliary line which short-circuits the
second signal line; and

a voltage applied to one of the two overlapping portions
has an opposite polarity from that applied to another
of the overlapping portion.

6. A method of compensating for a defective pixel

designed for an active-matrix type liquid crystal display
device including:
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a substrate;
a plurality of scanning lines formed on said substrate;
a plurality of signal lines formed so as to cross said
plurality of scanning lines at right angles;
pixel electrodes each disposed in a region adjacent scan-
ning lines and adjacent signal lines; and
switching elements for switching ON/OFF application of
signal voltages to said pixel electrodes through said
plurality of signal lines by means of scanning voltages
to be applied to said plurality of scanning lines,
wherein:
said plurality of signal lines includes auxiliary lines
formed in a same layer as said plurality of signal
lines and electrically connected to said plurality of
signal lines;
said pixel electrodes are insulated from said plurality of
signal lines and said auxiliary lines to form a sepa-
rate layer, and
each of said pixel electrodes has a first overlapping
portion which overlaps at least one of a first signal
line and an auxiliary line which short-circuits the
first signal line,
each of said pixel electrodes has a second overlapping
portion overlaps at least one of a second signal line
and an auxiliary line which short-circuits the second
signal line; and
a signal voltage whose polarity reverses at every signal
line when applied to each signal line, and
a voltage applied to one of the two overlapping portions
has an opposite polarity from that applied to another
of the overlapping portions, wherein:
said method is such that when a leakage defect
occurs at a crossing point between a scanning line
and a signal line, the signal line is cut off on both
sides of the scanning line.

% * * * *
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