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7) ABSTRACT

A liquid crystal display device includes: scanning wires, pro-
vided so as to correspond to a plurality of pixels disposed in
a matrix manner, to which scanning signals are applied; and
signal wires to which data signals are applied, wherein the
scanning wires and the signal wires cross each other. TFTs,
electrically connected to the scanning wires and the signal
wires, each of which is provided in the vicinity of an inter-
section of the scanning wire and the signal wire, and the TFTs
are connected to pixel electrodes. A dummy pixel driven by a
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1
LIQUID CRYSTAL DISPLAY DEVICE

FIELD OF THE INVENTION

The present invention relates to an active matrix type liquid
crystal display device constituted by disposing switching ele-
ments such as thin film transistors in a matrix manner.

BACKGROUND OF THE INVENTION

A liquid crystal display device is recently applied to vari-
ous kinds of electric appliances as a thin and light flat panel
display which can be driven at a low voltage and a low power,
and the electric appliances are widely sold. As such liquid
crystal display device, a matrix type liquid crystal display
device is known.

The matrix type liquid crystal display device is such that an
optical characteristic of liquid crystal is varied by applying
driving voltages respectively applied to picture elements dis-
posed in a matrix manner so as to display images and letters.
Particularly, an active matrix driving mode enables high qual-
ity display such as high contrast and high speed response
since it has a switching element such as a TFT (Thin Film
Transistor) and a MIM (Metal Insulator Metal) in each picture
element.

Here, description is given on an arrangement of the active
matrix type liquid crystal display device using the TFT ele-
ment.

The active matrix type display device includes a pair of
upper and lower glass substrates, and liquid crystal is sealed
therebetween. The one substrate is provided with the TFT
element and a circuit wire connected to the TFT element.

That 1s, as shown in FIG. 9, on the substrate, there are
provided scanning wires 81 (G1, G2, . . . ) from a scanning
wire driving circuit 83 and signal wires 82 (S1, S2, .. . ) from
a signal wire driving circuit 84 so that they are orthogonal to
each other. In the vicinity of each of intersections of the
scanning wires 81 (G1, G2, . . . ) and the signal wires 82 (S1,
S2,...),aTFT 85 is provided, and the TFT 85 is connected
to a transparent pixel electrode 90.

Further, as shown in FIG. 10, a common electrode 92 is
provided opposite to the pixel electrode 90, and the common
electrode 92 is connected to a common wire (not shown). The
pixel electrode 90 and the common electrode 92 constitute a
capacitor for securing a crystal liquid capacitance Clc 91.

While, a gate electrode 87 of the TFT 85 is connected to
each of the scanning wires 81 (G1, G2, . . . ), and a source
electrode 88 of the TFT 85 is connected to each of the signal
wires 82 (S1,S2, ... ), and a drain electrode 89 of the TET 85
is connected to the pixel electrode 90. Further, there is pro-
vided an auxiliary capacitance wire 86 below the pixel elec-
trode 90. In order to realize the high image quality by improv-
ing retention of the liquid crystal, the pixel electrode 90 and
the auxiliary capacitance wire 86 constitute a capacitor for
securing auxiliary capacitance Cs 93.

In the arrangement, when the scanning wire driving circuit
83 inputs scanning signals to the scanning wires 81 (G1,
G2, . ..) sequentially, the input of the scanning signals allows
gates of the TFTs 85 in one row to be ON simultaneously, and
the signal wire driving circuit 84 inputs display data signals
from the signal wires 82 (S1, S2, ... ) to the respective pixels.

Thus, each of the data signals is applied to the pixel elec-
trode 90, and a potential difference between the pixel elec-
trode 90 and the common electrode 92 varies transmittance of
the liquid crystal, so that letters and images are displayed on
aliquid crystal panel. However, in this case, when a dc voltage
is applied to the liquid crystal for a long time, a retaining
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property of the liquid crystal deteriorates. Thus, the polarity
of the data signals inputted to the signal wires 82 (51,
S2,...)isinverted at each horizontal period, for example, so
as to perform so-called ac driving so that a positive voltage
and a negative voltage are alternately applied to the pixel
electrode 90.

Incidentally, in a case where conductive films are disposed
in parallel or the conductive films are disposed up and down
with an insulating film therebetween, it is general that there
occurs parasitic capacitance therebetween. That is, an ideal
condition of each pixel is such that, as shown in FIG. 10, there
exist merely (a) the liquid crystal capacitance Clc 91 between
the pixel electrode 90 and the common electrode 92 and (b)
the auxiliary capacitance Cs 93 between the pixel electrode
90 and the auxiliary capacitance wire 86.

Here, description is given by focusing on one pixel in the
second row and in the second column shown in FIG. 9 for
example, that is, a pixel in which the gate of the TFT 85 is
connected to the scanning wire G2 positioned at the second
stage from the top and the source of the TF'T 85 is connected
to the signal wire S2 positioned at the second stage from the
left in FIG. 9.

As shownin FIG. 9, the pixel is such that the pixel electrode
90 is surrounded by the upper and lower scanning wires G2
and G3 and the left and right signal wires S2 and S3. Thus, as
shown in FIG. 11, there occur the parasitic capacitance Cgd
94,Cgd 97, Csd 95, and Csd 96 between the pixel electrode 90
and the wires G2, G3, S2, and S3.

Further, in a case where the pixel electrode 90 is made to
overlap the scanning wire 81 and/or the signal wire 82 with
the insulating layer therebetween so as to increase an aperture
ratio of the picture element, there occurs parasitic capacitance
98 between the pixel electrodes 90 adjacent to each other.
Thus, a potential of the drain electrode 89 is influenced by the
coupling of other capacitance and the parasitic capacitance
brought about between the drain electrode 89 and the all the
peripheral wires.

However, the conventional liquid crystal display device
brings about the following problems.

That is, the foregoing description on the case where the
parasitic capacitance occurs in each pixel is to illustrate one
pixel in which the TFT 85 is connected to the signal wire S2
at the second stage from the right. When description is given
by focusing on one pixel in which the TFT 85 is connected to
the leftmost signal wire S1, the pixel electrode 90 does not
exist leftward with respect to the pixel electrode 90 constitut-
ing the pixel, so that the parasitic capacitance 98 does not
occur between the pixel electrode 90 and the left pixel elec-
trode 90.

Further, when the signal wire S1 is focused on, no pixel
exists leftward with respect to the signal wire S1, so that there
is no parasitic capacitance Csd 96 between the signal wire S1
and the left pixel electrode 90. Merely the parasitic capaci-
tance Csd 95 exists between the pixel electrodes 90 adjacent
to each other, so that wire capacitance in the signal wire S1 is
smaller than that of the signal wires S2 and S3 centrally
disposed.

Thus, the leftmost signal wire Siis different from the signal
wires S2, S3, that are centrally positioned, and they are dif-
ferent from each other in the coupling capacitance of the
wiring and the pixels. Thus, under the same driving condition
as in the signal wires 82, 83, . .., the drain electrode 89 of the
pixel in the signal wire S1 has a potential different from that
of the pixels centrally disposed.

Thus, even when the same voltages are to be applied to all
the pixels of the entire screen, a different voltage is applied to
the liquid crystal of the left-end pixel unlike the pixels cen-
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trally positioned, so that there occurs such a problem that the
leftmost pixel is seemingly colored when a gray image is
displayed.

Note that, the foregoing description is on the leftmost sig-
nal wire S1, and the rightmost signal wire Sn bears the same
problem since the capacitive condition is different from that
of the central lines.

Note that, as a solution for this problem, Japanese Unex-
amined Patent Publication No. 84239/1995 (Tokukaihei
7-84239) (Publication date: Mar. 31, 1995) discloses a liquid
crystal display device. In this technique, a dummy signal wire
is provided adjacent to the signal wire, but the following
problem remains to be solved. In a case where the pixel
electrode is made to overlap the scanning wire and/or the
signal wire with the insulating layer therebetween so as to
increase an aperture ratio of the picture element, the parasitic
capacitance between the pixel electrodes adjacent to each
other exerts bad influences.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a matrix
type liquid crystal display device that equalizes capacitive
conditions of all the signal wires and/or all the pixels and can
prevent deterioration of display quality that is brought about
by a specific portion differently displayed. In order to achieve
the foregoing object, the liquid crystal display device of the
present invention includes: scanning wires, provided corre-
sponding to a plurality of pixels disposed in a matrix manner,
to which scanning signals are applied; signal wires, provided
corresponding to the pixels so as to cross the scanning wires,
to which data signals are applied; switching elements, elec-
trically connected to the scanning wires and the signal wires,
each of which is provided in a vicinity of each of intersections
of the scanning wires and the signal wires; pixel electrodes
connected to the switching elements; and a dummy pixel,
provided externally adjacent to an endmost pixel column, that
1s driven by a dummy signal wire.

According to the arrangement, the dummy pixel driven by
the dummy signal wire is provided externally adjacent to the
endmost pixel column, so that it is possible to drive the pixel
on the endmost signal wire under the same condition as in
central pixels. That is, the dummy pixel is provided externally
adjacent to the endmost pixel, so that in the endmost pixel, a
condition of parasitic capacitance brought about between (a)
the pixel electrode and (b) the signal wire/the scanning wire,
and a condition of parasitic capacitance brought about
between the pixel electrodes adjacent to each other are the
same as the corresponding conditions of the pixels centrally
disposed.

Therefore, a potential of a drain electrode in the endmost
pixel is applied under the same condition as in a potential of
a drain electrode in the central pixel. Thus, it is possible to
reduce problems such as coloring in a gray image, so that high
display quality can be secured. Particularly in a structure in
which the pixel electrode is made to overlap the scanning wire
and the signal wire with an insulating film layer therebetween
so as to increase an aperture ratio of the picture element, the
parasitic capacitance between pixel electrodes adjacent to
each other is large, so that the foregoing arrangement is par-
ticularly effective.

As a result, it is possible to provide a matrix type liquid
crystal display device that equalizes capacitive conditions of
all the signal wires and pixels to each other and can prevent
deterioration of display quality that is brought about by a
specific portion differently displayed.
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In order to achieve the foregoing object, the liquid crystal
display device of the present invention includes: scanning
wires, provided corresponding to a plurality of pixels dis-
posed in a matrix manner, to which scanning signals are
applied; signal wires, provided corresponding to the pixels so
as to cross the scanning wires, to which data signal are
applied; switching elements, electrically connected to the
scanning wires and the signal wires, each of which is pro-
vided in a vicinity of each of intersections of the scanning
wires and the signal wires; and a dummy signal wire provided
externally adjacent to an endmost pixel column, wherein the
dummy signal wires are connected to an output buffer.

According to the arrangement, the output buffer is con-
nected to the dummy signal wire, so that it is possible to
equalize a condition of the dummy signal wire to a condition
of the signal wire so as to drive the dummy signal wire under
the same condition as in the signal wire.

As a result, it is possible to provide a matrix type liquid
crystal display device that equalizes capacitive conditions of
all the signal wires to each other and can prevent deterioration
of display quality that is brought about by a specific portion
differently displayed.

For a fuller understanding of the nature and advantages of
the invention, reference should be made to the ensuing
detailed description taken in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing one embodiment of a liquid
crystal display device of the present invention.

FIG. 2 is an equivalent circuit diagram showing one pixel
of the liquid crystal display device.

FIG. 3(a) is a diagram showing an odd numbered field in a
case where the liquid crystal display device is driven in accor-
dance with a gate line inversion driving mode.

FIG. 3(b) is a diagram showing an even numbered field in
the case where the liquid crystal display device is driven in
accordance with the gate line inversion driving mode.

FIG. 4(a) is a diagram showing an odd numbered field ina
case where the liquid crystal display device is driven in accor-
dance with a dot inversion driving mode.

FIG. 4(b) is a diagram showing an even numbered field in
the case where the liquid crystal display device is driven in
accordance with the dot inversion driving mode.

FIG. 5 is a diagram showing a connection process of a
dummy signal wire in a case where the liquid crystal display
device is driven in accordance with the dot inversion driving
mode.

FIG. 6 shows another embodiment of the liquid crystal
display device of the present invention, and is a diagram
showing how a disconnected signal wire is restored by using
a spare wire provided in the periphery of a liquid crystal
panel.

FIG. 7 is a diagram showing how the dummy signal wire is
connected to a spare wire driving output buffer on the left side
of a source driver on the left end of the liquid crystal display
device.

FIG. 8 is a diagram showing how the spare wire driving
output buffer of the liquid crystal display device is used also
as a dummy pixel driving output buffer.

FIG. 9 is a diagram showing a conventional active matrix
type liquid crystal display device.

FIG. 10 is an equivalent circuit diagram showing one pixel
of the liquid crystal display device.

FIG. 11 is an equivalent circuit diagram showing parasitic
capacitance that occurs between (a) a pixel electrode and (b)
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each signal wire and each scanning wire in one pixel of the
liquid crystal display device, and showing parasitic capaci-
tance that occurs between the pixel electrodes adjacent to
each other.

DESCRIPTION OF THE EMBODIMENTS
Embodiment 1

One embodiment of the present invention is described as
follows based on FIG. 1 through FIG. 5.

A liquid crystal display device of the present embodiment
is an active matrix type liquid crystal display device using a
TFT (Thin Film Transistor) element. However, an arrange-
ment of the liquid crystal display device is not necessarily
limited to this, but the liquid crystal display device can be
arranged so as to have a switching element such as an MIM
(Metal Insulator Metal).

As shown in FIG. 1, the foregoing active matrix type liquid
crystal display device includes: a pair of upper and lower
transparent glass substrates (not shown) so that liquid crystal
is sealed therebetween; and a plurality of pixels 30 . . . pro-
vided in a matrix manner.

There is provided a TFT element and a circuit wire con-
nected to the TFT element on the one glass substrate.

Concretely, as shown in FIG. 1, on the substrate, there are
provided (a) scanning wires 1 (G1, G2, . .. )to which scanning
signals provided from a scanning wire driving circuit 3 are
sequentially applied and (b) signal wires 2 (S1, S2,...) to
which data signals provided from a signal wire driving circuit
4 are sequentially applied, and both the wires are disposed in
an orthogonal manner. In the vicinity of each of intersections
of the scanning wires 1 (G1, G2, . . . ) and the signal wires 2
(81,82,...),aTFT 5is provided as a switching element, and
the TFT 5 is connected to a transparent pixel electrode 10.

As shown in FIG. 2, there are provided (a) a common
electrode 12 made of a transparent conductive film and (b) a
color filter (not shown) both of which are opposite to the pixel
electrode 10, and the common electrode 12 is connected to a
common wire (not shown) to which a common signal is
applied. Further, the pixel electrode 10 and the common elec-
trode 12 constitute a capacitor for securing liquid crystal
capacitance Clc 11 as liquid crystal. Further, the color filter
contains three primary colors: R (Red), G (Green), and B
(Blue), and they correspond to the respective pixel electrodes
10 . . . . Further, a deflecting plate (not shown) is externally
provided on each glass substrate.

While, a gate electrode 7 of the TFT 5 is connected to each
of the scanning wires 1 (G1, G2, . .. ), and a source electrode
8 of the TFT 5 is connected to each of the signal wires 2 (S1,
S2,...), and a drain electrode 9 of the TFT 5 is connected to
the pixel electrode 10. Further, there is provided an auxiliary
capacitance wire 6 below the pixel electrode 10. In order to
realize the high image quality by improving retention of the
liquid crystal, the pixel electrode 10 and the auxiliary capaci-
tance wire 6 constitute a capacitor for securing auxiliary
capacitance Cs 13.

In the arrangement, when the scanning wire driving circuit
3 sequentially inputs scanning signals to the scanning wires 1
(G1, G2, ... ) downward as shown in FIG. 1, the input of the
scanning signals allows gates of the TFTs 5ina certain row to
be ON simultaneously, and the signal wire driving circuit 4
inputs display data signals via the signal wires 2 (S1,
S2,...)to the respective pixels 30.

Thus, each of the data signals is applied to the pixel elec-
trode 10, and a potential difference between the pixel elec-
trode 10 and the common electrode 12 varies transmittance of
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the liquid crystal, so that letters and images are displayed on
a liquid crystal panel. However, when a de voltage is applied
to the liquid crystal for a long time, a retaining property of the
liquid crystal deteriorates. Thus, the polarity of the data sig-
nals inputted to the signal wires 2 (51, S2, . .. ) is inverted at
each horizontal period for example, so as to perform so-called
ac driving so that a positive voltage and a negative voltage are
alternately applied to the pixel electrode 10.

Here, the aforementioned gate line inversion driving mode
is described in detail. Note that, although the following
description is on a gate line inversion driving mode in which
inversion is performed at each gate line, the present invention
is not necessarily limited to the inversion performed at each
gate line, and is applicable to a gate line inversion driving
mode in which inversion is performed at intervals of plural
lines such as intervals of two lines.

The reason for which the liquid crystal is ac driven is as
described above. There are various modes to perform the ac
driving, and the gate line inversion driving mode is one of the
most-often-employed modes in these modes.

First, a plus voltage and minus voltage are alternately
applied to the liquid crystal so as to perform the ac driving. As
shown in FIG. 3(a), the polarity is inverted at intervals of one
horizontal line in the gate line inversion driving mode. Fur-
ther, as shown in FIG. 3(5), at the next field, the polarity is
entirely inverted. The gate line inversion driving mode brings
about an advantage that: a cycle of the inversion is shorter
compared with a conventional 1 vertical line inversion driving
mode, so that flicker is hardly seen.

In addition to the foregoing arrangement, the liquid crystal
display device of the present embodiment further includes the
following characteristics.

That s, as shown in FIG. 1, the liquid crystal display device
of the present embodiment includes a dummy pixel 30a and a
dummy signal wire S0 outside the left signal wire S1. The
leftmost dummy signal wire S0 is driven upon 1 horizontal
line inversion driving under the same driving condition as in
the central signal wires S1, 82, . . . . Concretely, a signal
outputted from the signal wire driving circuit 4 is outputted
via a dummy signal wire output buffer 184' to the dummy
signal wire S0.

Here, in a case where a uniformed color tone is displayed
on an entire screen, a data signal of the signal wire S1 and a
data signal of the signal wire S4 are identical to each other in
terms of color and polarity. Thus, it is necessary to apply a
voltage to the pixels 30 . . . on the signal wire S1 so that the
pixels 30 . . . on the signal wire S4 are equalized with the
pixels 30 . . . on the signal wire S1 in terms of a voltage.
Further, it is necessary to drive the signal wire S1 under the
same driving condition (capacitance condition) as in the sig-
nal wire S4 so as to apply the voltage to the pixels 30 ... on
the signal wire S1 so that both the pixels are equalized with
each other in terms of a voltage.

In terms of this condition, it is necessary to input the same
data signal as that of the signal wire S3 to the dummy signal
wire S0 leftward adjacent to the signal wire S1. Thus, the
dummy signal wire S0 is connected to the signal wire S3 three
lines following the dummy signal wire SO via the dummy
signal wire output buffer 184'. Note that, although the dummy
signal wire S0 is connected to the signal wire S3 three lines
following the dummy signal wire SO in the foregoing
example, the arrangement is not necessarily limited to this,
but the following arrangement is possible: each of the signal
wires 2 (S1, S2,. .. ) leading a signal of the same color and the
same polarity appears at intervals of 3n (n=1, 2, . .. ) lines, so
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that the dummy signal wire SO can be connected to the signal
wire 2 (S1,S2, ... ) thatis a 3n (n=1, 2, . .. )thline from the
dummy signal wire SO.

As aresult, the data signal of the signal wire S3 is inputted
to the dummy signal wire output buffer 184, so that the
dummy signal wire S0 is driven by the same applied voltage
as in the signal wire S3. Here an input signal of the dummy
signal wire output buffer 184" may be taken in via an output
section or an input section of the corresponding signal wire
output buffer.

Thus, the influence caused in the conventional leftmost
signal wire S1 by the capacitive coupling of (a) the signal wire
S1 and (b) the adjacent dummy pixel 30a/the dummy signal
wire S0 is equalized to the influence caused in the signal wire
S4 by the capacitive coupling of (a) the signal wire S4 leading
a signal of the same color and polarity and (b) the adjacent
pixel 30/the signal wire S3. Thus, the problem that a pixel is
colored in a gray image is solved.

Note that, although the example ofhow the gate line inver-
sion driving mode is applied is shown in the foregoing
description, the arrangement is not necessarily limited to this,
and the following arrangement is possible: the endmost signal
wire can be driven in the same manner as in the central signal
wires in accordance with a dot inversion driving mode or a
source inversion driving mode. In the gate line inversion
driving, the polarity is inverted at intervals of a horizontal
line. In addition to such inversion, as shown in FIG. 4(a) and
FIG. 4(b), the polarity is inverted at intervals of one vertical
line adjacent to another vertical line in the dot inversion
driving mode.

Further, as shown in FIG. 4(a) and FIG. 4(b), a certain
vertical line and a vertical line that is the 6th line from the
certain vertical line lead signals of the same color and polarity
in the dot inversion driving mode.

Note that, the dummy signal wire S0 is connected to the
signal wire S6 that is 6th line from the dummy signal wire SO
in the foregoing example, the arrangement is not necessarily
limited to this, and the following arrangement is possible:
since the signal wire 2 (S1, S2, . . . ) leading a signal of the
same color and polarity appears at intervals of 6n (n=1,
2, ... ) lines, the signal wire 2 can be connected to another
signal wire 2 (S1, 82, . .. ) thatis a 6n (n=1, 2, .. . )th line
therefrom. Further, since an operation as in the dot inversion
driving mode is performed with respect to each of the scan-
ning wires 1 (G1, G2, . .. ) also in the source inversion driving
mode, it is possible to perform the connection as in the dot
inversion driving mode.

Thus, as shown in FIG. 5, a signal of the signal wire S6 is
inputted via the dummy signal wire output buffer 184 to the
dummy signal wire S0, so that the conventional leftmost
signal wire S1 can be driven under the same condition as in
the central signal wire 7. Thus, as in the gate line inversion
driving mode, it is possible to solve the problem that a pixel is
differently colored.

Further, the foregoing process is applicable to the source
inversion driving mode. That is, the polarity is inverted at
each signal wire 2 (S1, S2, . .. ) in the source inversion driving
mode. Thus, the signal wire 2 (S1, S2, . .. ) leading a signal of
the same color and polarity appears at intervals of 6n (n=1,
2, .. .) lines, so that the signal wire 2 can be connected to
another signal wire 2 (S1,S2, ... )thatisa6n (n=1,2,...)th
line therefrom.

Note that, since the dummy pixel 30a is provided in the
present embodiment, a problem is that the display quality
may be influenced by the dummy pixel 30a. In the present
embodiment, a voltage is applied to liquid crystal of the
dummy pixel 30a as in an ordinary pixel 30, but the dummy

10

15

20

25

30

35

40

45

50

55

60

65

8

pixel 30a is covered by a black matrix for example so that the
display is invisible. Thus, the display quality is not influenced
by the dummy pixel 30a.

As described above, in the liquid crystal display device of
the present invention, the dummy pixels 30a . . . driven by the
dummy signal wire SO are provided outside the leftmost
pixels 30. . ., so that it is possible to drive the pixels 30. .. on
the leftmost signal wire S1 under the same condition as in the
central pixels 30 . . . . That is, since the dummy pixels 30a are
provided outside the leftmost pixels 30 ... ., a condition of the
parasitic capacitance brought about between (a) the pixel
electrode 10 and (b) the dummy signal wires S0/the scanning
wires 1 (G1, G2, .. .) and a condition of the parasitic capaci-
tance brought about between the pixel electrodes 10 . . .
adjacent to each other are equalized to corresponding condi-
tions of the pixels 30 . . . that are centrally disposed.

Thus, a potential of the drain electrode of the conventional
lefimost pixels 30 .. .. and a potential of the drain electrode of
each of the centrally disposed pixels 30 . . . are applied under
the same condition. Thus, it is possible to reduce phenomenon
such as coloring in a gray image, and it is possible to secure
the high display quality.

Recently, there is provided aliquid crystal display device in
which the pixel electrodes 10 . . . are made to overlap the
scanning wires 1 (G1, G2, . . . ) and the signal wires 2 (S1,
S2,...)with the insulating film layer provided therebetween
s0 as 1o increase an aperture ratio of the picture element. In
this case, the parasitic capacitance brought about between the
pixel electrodes 10 adjacent to each other has a great influence
and deteriorates the display quality, so that it is greatly effec-
tive to apply the arrangement of the liquid crystal display
device of the present embodiment to the foregoing structure.

As a result, it is possible to provide such a matrix type
liquid crystal display device that: capacitance conditions of
all the signal wires 2 (S1,S2, ... )andthe pixels 30 ... can be
equalized to each other, and it is possible to prevent the
deterioration of the display quality caused by differently dis-
played portions.

Further, in the liquid crystal display device of the present
embodiment, the dummy signal wire S0 is connected to the
dummy pixel driving output buffer 18a. That is, it is typical
that the signal wires 2 (81, S2, ... ) are respectively connected
to the output buffers 18 . . . . Thus, in order to drive the dummy
signal wire SO under the same condition as in the signal wires
2 (51,82, . ..),1tis necessary to provide the output buffers
18 .. . on the dummy signal wire S0.

According to the present embodiment, the dummy signal
wire S0 is connected to the dummy pixel driving output buffer
184, so that it is possible equalize a condition of the dummy
signal wire S0 to a condition of the signal wires 2 (81,
S2, ... ) so as to drive the dummy signal wire S0 under the
same condition as in the signal wires S2 (S1, S2, . ..).

Further, in the liquid crystal display device of the present
embodiment, the dummy signal wire SO connected to the
dummy pixel 30a is connected to corresponding one of the
data signal wires 2 (S1, S2, . . . ) leading a signal of the same
color and polarity, in accordance with a cycle at which spe-
cific combination of color and polarity in the ac driving
appears.

That is, in the liquid crystal display device, when a dc
voltage is applied to the liquid crystal for a long time, a
retaining property of the liquid crystal is deteriorated. Thus,
the ac driving in which the polarity of a data signal inputted to
the signal wires 2 (S1, S2, . . . ) is alternately inverted is
employed. Examples of the ac driving mode include a gate
line inversion driving mode, a dot inversion driving mode, or
asource inversion driving mode. They are different from each
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other in that a cycle at which the signal wires 2 (S1,S2, .. .)
for supplying data signals of the same color and polarity are
disposed.

However, in the present embodiment, the dummy signal
wire S0 is connected to corresponding one of the signal wires
2 (81, S2, . .. ) leading a data signal of the same color and
polarity, in accordance with a cycle at which specific combi-
nation of color and polarity in the ac driving appears. Thus,
the influence caused in the endmost signal wire S1 by the
capacitive coupling of (a) the signal wire S1 and (b) the
adjacent pixel/wire is equalized to the influence caused in the
signal wire S4 or the signal wire S7 leading a signal of the
same color and polarity as the endmost signal wire S1, so that
the problem such as coloring in a gray image is solved.

Further, in the liquid crystal display device of the present
embodiment, in the case of the gate line inversion driving
mode, the dummy signal wire SO connected to the dummy
pixel 30a is connected to a signal wire 2 that is a 3n (n=1,
2, ... )th line from the dummy signal wire SO.

That is, in the gate line inversion driving mode of the ac
driving mode, a voltage of the same polarity and color is
applied at intervals of three signal wires 2. Thus, in order to
equalize the driving condition of the dummy signal wire SO
and the signal wire S1 on the endmost pixel 30 to the driving
condition of the central pixels 30 . . ., the dummy signal wire
S0 is made capable of obtaining the same data signal as in a
signal wire 2 thatis a 3n (n=1, 2, ... )th line from the dummy
signal wire S0.

According to the present embodiment, in the case of the
gate line inversion driving mode, the dummy signal wire S0 is
connected to a signal wire 2 that is a 3n (n=1, 2, . . . )th line
from the dummy signal wire S0. Thus, the dummy signal wire
SO can obtain the same data signal as in signal wires S3,
S6, . . . disposed at intervals of 3n (n=1, 2, . . . ) lines, so that
the influence caused in the endmost signal wire S1 by the
capacitive coupling of (a) the signal wire S1 and (b) the
adjacent pixel/wire is equalized to the influence caused in the
signal wires 84, S7 .. ., leading a signal of the same color and
polarity, each of which is 3n (n=1, 2, . . . )th line from the
dummy signal wire S0. Thus, the problem such as coloring in
a gray image is solved.

Further, in the liquid crystal display device of the present
embodiment, the dummy signal wire SO connected to the
dummy pixel 30a is connected to the signal wires 2 (81,
S2,...)each of which is a 6n (n=1, 2, . . . )th line from the
dummy signal wire S0 in the case of the dot inversion driving
mode or the source inversion mode.

That is, in the gate line inversion driving mode, the polarity
is inverted at intervals of one horizontal line. In addition to
this, the polarity is inverted at intervals of one vertical line
adjacent to another vertical line in the dot inversion driving
mode of'the ac driving mode. Further, in the source inversion
driving mode, the polarity is inverted at intervals of one signal
wire. Thus, in the dot inversion driving mode or the source
inversion driving mode, a voltage of the same color and
polarity is applied at intervals of the signal line 2 in which the
oneisa 6n (n=1, 2, ... )th line from the other. Therefore, in
order to equalize the driving condition of the dummy signal
wire S0 and the signal wire S1 on the endmost pixels 30 to the
driving condition of the central pixels 30 . . ., the dummy
signal wire S0 is made capable of obtaining the same data
signal as in the signal wire 2 that is a 6n (n=1, 2, . .. )th line
from the dummy signal wire SO.

According to the present embodiment, in the case of the dot
inversion driving mode or the source inversion driving mode,
the dummy signal wire S0 is connected to the signal wires S6,
S12. .. that are disposed at intervals of 6n (n=1, 2, .. . ) lines
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from the dummy signal wire S0. Thus, the dummy signal wire
S0 can obtain the same data signal as in the signal wires S6,
S12, .. . that are disposed at intervals of 6n (n=1, 2, .. . ) lines
from the dummy signal wire S0, so that the influence caused
by the capacitive coupling of the adjacent pixels and wires is
equalized to the foregoing influence of the endmost signal
wire S1 as in the signal wires S6, S12, . .. , leading a signal of
the same polarity, that are disposed at intervals of 6n (n=1,
2, ...) lines from the dummy signal wire S0. Thus, the
problem such as coloring in a gray image is solved.

Note that, although action and effect brought about by
combination of the dummy pixel 304 and the dummy signal
wires S0 are described in the present embodiment, the
arrangement of the present invention is not limited to this, and
also in a case where only the dummy signal wire S0 is pro-
vided, it is possible to provide such a matrix type liquid
crystal display device that: capacitance conditions of all the
signal wires can be equalized to each other, and it is possible
to prevent the deterioration of the display quality caused by
differently displayed portions.

Embodiment 2

Another embodiment of the present invention is described
as follows based on FIG. 6 through FIG. 8. Note that, the same
reference signs are given to members having the same func-
tions as the members shown in Embodiment 1 and the corre-
sponding drawings, and description thereof is omitted for
convenience.

In the present embodiment, description is given on a case
where a spare wire for restoring a disconnected signal wire is
used also as the dummy signal wire SO0.

As shown in FIG. 6, the signal wires 2 (S1, S2, ... )are
sometimes disconnected due to failed film formation upon
manufacturing the liquid crystal display device. Then, in the
liquid crystal display device of the present embodiment, in
order to restore the disconnection, there are provided two
spare wire driving output buffers 23 on each of source drivers
22 ..., andthe spare wire driving output buffer 23 on the right
side in FIG. 6 is connected to spare wires 20 . . . that extend
along a periphery portion of a liquid crystal panel 19. Note
that, a line connected to the spare wire 20 is heavy-loaded, so
that a driving property thereof is insufficient. Thus, in the
present embodiment, the spare wire driving output buffer 23
is provided in the source driver 22. Further, in the present
embodiment, the source driver22 is provided in each of plural
pixels 30 . ..

Here, it is assumed that the signal wire 21 is a disconnected
signal wire. When the signal wire 21 is disconnected, a data
signal cannot be sent to portions on the downstream side with
respect to the disconnected point, so that the signal wire 21 is
seemingly a bright line. Thus, the liquid crystal panel is
regarded as a defective panel.

Then, the spare wire 20 that extends along the peripheral
portion of the liquid crystal panel 19 is connected to both ends
ofthe disconnected signal wire 21, so that itis possible to send
the data signal outputted to the signal wire 21 to the portions
on the downstream side with respect to the disconnected
point. As a result, it is possible to create ordinary line display
at a portion of the bright line, thus clearing the defect.

Here, in the present embodiment, the spare wire driving
output buffer 23 is used also as the dummy pixel driving
output buffer 18a as described above.

That is, as shown in FIG. 8, each of the source drivers 22
includes a signal wire driving circuit 4 therein, and as shown
in FIG. 7, each of the source drivers 22 includes the spare wire
driving output buffers 23 in a symmetrical manner. This
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enables the source driver 22 to be shared in liquid crystal
panels 19 that are different from each other in a wiring form
of the spare wire due to the difference of a screen size, the
number of the pixels, and the like.

In the present embodiment, the spare wire 20 is connected
to the spare wire driving output buffer 23 on the right side of
the source driver 22. When the wires are disposed in this
manner, the spare wire driving output buffer 23 remains
unused on the left side of each source driver 22. Thus, it is
possible to connect the dummy signal wire SO to the spare
wire driving output buffer 23 on the left side of the leftmost
source driver 22, and it is possible to use the leftmost spare
wire driving output buffer 23 also as the dummy pixel driving
output buffer 18a.

That is, in the gate line inversion driving mode, the dummy
signal wire S0 connects a wire branched from the signal wire
S3 to the spare wire driving output buffer 23 in the leftmost
source driver 22 as shown in FIG. 8. Further, an output side of
the spare wire driving output buffer 23 is connected to the
dummy signal wire S0. Thus, it is possible to drive the dummy
signal wire S0 via the spare wire driving output buffer 23 in
accordance with the same signal as in the signal wire S3. That
is, by using the remaining spare wire driving output buffer 23,
it is not necessary to newly provide the dummy pixel driving
output buffer 184, so that it is possible to avoid problems such
as increase in cost caused by increase in a chip area.

Further, although FIG. 8 shows an example of the gate line
inversion driving mode, it is possible to use the dummy signal
wire SO0 as the same wiring form as in the case of the dot
inversion driving mode or the source inversion driving mode
in the present embodiment like the aforementioned Embodi-
ment 1.

Note that, the description is given on the case of the lefi-
most signal wire S1 in Embodiments 1 and 2. The arrange-
ment is not necessarily limited to this, but a similar arrange-
ment is possible by using the rightmost signal wire. Other
than this, the present invention is applicable by varying the
wiring form.

As described above, in the liquid crystal display device of
the present embodiment, the spare wire buffer 23 is used also
as the dummy wire driving output buffer 184'. Thus, it is
possible to clear the problems such as coloring that occurs in
a certain pixel on the endmost signal wire S1, so that it is
possible to improve the display quality of the liquid crystal
panel 19. Further, the spare wire driving output buffer 23 is
used also as the dummy pixel driving output Buffer 184', so
that it is not necessary to newly provide the buffer circuit.
Thus, it is possible to avoid the increase in cost caused by the
increase in the chip area.

Note that, although the description is given on the effect
brought about by the combination of the dummy pixel 30a
and the dummy signal wire SO in the present embodiment, the
arrangement is not necessarily limited to this, and it is pos-
sible to obtain the same effect even in a case where only the
dummy signal wire S0 is provided.

The invention being thus described, it will be obvious that
the same way may be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.

What is claimed is:

1. A liquid crystal display device comprising:

scanning wires, provided corresponding to a plurality of
pixels disposed in a matrix manner, to which scanning
signals are applied;
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signal wires, provided corresponding to the pixels so as to
cross the scanning wires, to which data signals are
applied;

switching elements, electrically connected to the scanning

wires and the signal wires, each of which is provided in
a vicinity of each of intersections of the scanning wires
and the signal wires;
pixel electrodes connected to the switching elements;
adummy pixel, provided externally adjacent to an endmost
pixel column, that is driven by a dummy signal wire; and

wherein the dummy signal wire is connected to a first
signal wire, the dummy signal wire is externally adja-
cent to an endmost signal wire of the endmost pixel
column, and the first signal wire is not adjacent to the
endmost signal wire;

wherein the first signal wire is selected so that it leads

signals of the same color and polarity as the dummy
signal wire so as to thereby cause the pixel of the end-
most signal wire to be driven under similar conditions as
pixels that are more centrally located; and

wherein the color and polarity of the signals of the dummy

signal wire are determined based on the specific combi-
nation of color and polarity in an AC driving cycle for the
signal wires for an adjacent wire that is externally adja-
cent to the endmost signal wire.

2. The liquid crystal display device as set forth in claim 1,
further comprising a dummy pixel driving output buffer con-
nected to the dummy signal wire.

3. The liquid crystal display device as set forth in claim 1,
wherein the first signal wire is one of the signal wires, that is
a3n(n=1,2,...)thline from the dummy signal wire, in a case
of a gate line inversion driving mode, where n is a natural
number.

4. The liquid crystal display device as set forth in claim 3
further comprising a dummy pixel driving output buffer con-
nected to the dummy signal wire, and wherein the first signal
wire is connected to the dummy pixel output buffer.

5. The liquid crystal display device as set forth in claim 1,
wherein the first signal wire is one of the signal wires, that is
a6n(n=1,2,...)thline from the dummy signal wire, in a case
of a dot inversion driving mode or a source inversion driving
mode, where n is a natural number.

6. The liquid crystal display device as set forth in claim 5
further comprising a dummy pixel driving output buffer con-
nected to the dummy signal wire, and wherein the first signal
wire is connected to the dummy pixel driving output buffer.

7. The liquid crystal display device of claim 1, wherein the
first signal wire is selected so that it leads signals of the same
color and polarity as the dummy signal wire line so as to
thereby cause the pixel of the endmost signal wire to be driven
under similar conditions as another pixel that is adjacent to
the first signal wire.

8. The liquid crystal display device of claim 1, wherein the
first signal wire is selected so that the signals passing through
the first signal wire and through the dummy signal line are
such that capacitive coupling of the endmost signal wire and
the adjacent dummy pixel is essentially equalized to the influ-
ence caused in a second signal wire adjacent to the first signal
line by the capacitive coupling of the second signal line and
the first signal wire.

9. The liquid crystal display device of claim 8, wherein the
second signal wire leads signals of the same color and polarity
as the endmost signal wire.

10. A liquid crystal display device comprising:

scanning wires, provided corresponding to a plurality of

pixels disposed in a matrix manner, to which scanning
signals are applied;
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signal wires, provided corresponding to the pixels so as to
cross the scanning wires, to which data signals are
applied;

switching elements, electrically connected to the scanning

wires and the signal wires, each of which is provided in
a vicinity of each of intersections of the scanning wires
and the signal wires;

pixel electrodes connected to the switching elements;

adummy pixel, provided externally adjacent to an endmost

pixel column, that is driven by a dummy signal wire;

a dummy pixel driving output buffer connected to the

dummy signal wire;

wherein the dummy signal wire connected to the dummy

pixel is connected to corresponding one of the signal
wires leading the data signals of same color and polarity,
in according with a cycle at which specific combination
of color and polarity in ac driving appears;

a source driver for supplying the data signals to the signal

wires; and

a spare wire driving output buffer, provided on the source

driver in advance, that connects a spare wire for restor-
ing one of the signal wires that has been disconnected,
wherein the spare wire driving output buffer is used also
as a dummy pixel driving output buffer.

11. A liquid crystal display device comprising:

scanning wires, provided corresponding to a plurality of

pixels disposed in a matrix manner, to which scanning
signals are applied;

signal wires, provided corresponding to the pixels so as to

cross the scanning wires, to which data signals are
applied,;

switching elements, electrically connected to the scanning

wires and the signal wires, each of which is provided in
a vicinity of each of intersections of the scanning wires
and the signal wires;

pixel electrodes connected to the switching elements;

a dummy signal wire provided externally adjacent to an

endmost pixel column;

wherein the dummy signal wire is connected to an output

buffer;
wherein the dummy signal wire is connected to a first
signal wire, the dummy signal wire is externally adja-
cent to an endmost signal wire of the endmost pixel
column, and the first signal wire is not adjacent to the
end most signal wire;
wherein the first signal wire is selected so that it leads
signal of the same color and polarity as the dummy
signal wire and so as to thereby cause the pixel of the
endmost signal wire to be driven under similar condi-
tions as pixels that are more centrally located; and

wherein the color and polarity of the signals of the dummy
signal wire are determined based on the specific combi-
nation of color and polarity in an AC driving cycle for the
signal wires for an adjacent x ire that is externally adja-
cent to the endmost signal wire.

12. The liquid crystal display device as set forth in claim
11, wherein the first signal wire is one of the signal wires, that
isa3n (n=1, 2, ... )th line from the dummy signal wire, in a
case of a gate line inversion driving mode, where n is a natural
number.

13. The liquid crystal display device as set forth in claim
11, wherein the first signal wire is one of the signal wires, that
is a6n (n=1, 2, ... )th line from the dummy signal wire, in a
case of a dot inversion driving mode or a source inversion
driving mode, where n is a natural number.
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14. The liquid crystal display device as set forth in claim
11, wherein the first signal wire is centrally disposed in the
liquid crystal display device.

15. The liquid crystal display device of claim 11, wherein
the first signal wire is selected so that it leads signals of the
same color and polarity as the dummy signal wire line so as to
thereby cause the pixel of the endmost signal wire to be driven
under similar conditions as another pixel that is adjacent to
the first signal wire.

16. The liquid crystal display device of claim 11, wherein
the first signal wire is selected so that the signals passing
through the first signal wire and through the dummy signal
line are such that capacitive coupling of the endmost signal
wire and the adjacent dummy pixel is essentially equalized to
the influence caused in a second signal adjacent to the first
signal line by the capacitive coupling of the second signal line
and the first signal wire.

17. The liquid crystal display device of claim 16, wherein
the second signal wire leads signals of the same color and
polarity as the endmost signal wire.

18. A liquid crystal display device comprising:

scanning wires, provided corresponding to a plurality of
pixels disposed in a matrix mannet, to which scanning
signals are applied,;

signal wires, provided corresponding to the pixels so as to
cross the scanning wires, to which data signals are
applied,;

switching elements, electrically connected to the scanning
wires and the signal wires, each of which is provided in
a vicinity of each of intersections of the scanning wires
and the signal wires;

a dummy signal wire provided externally adjacent to an
endmost pixel column;

wherein the dummy signal wire is connected to a dummy
pixel driving output buffer;

a source driver for supplying the data signals to the signal
wires;

a spare wire driving output buffer, provided on the source
driver in advance, that connects a spare wire for restor-
ing one of the signal wires that has been disconnected;
and

wherein the spare wire driving output buffer is used also as
a dummy pixel driving output buffer.

19. A liquid crystal display device comprising:

scanning wires, provided corresponding to a plurality of
pixels disposed in a matrix manner, to which scanning
signals are applied,;

signal wires, provided corresponding to the pixels so as to
cross the scanning wires, to which data signals are
applied;

switching elements, electrically connected to the scanning
wires and the signal wires, each of which is provided in
a vicinity of each of intersections of the scanning wires
and the signal wires;

pixel electrodes connected to the switching elements;

a dummy signal wire provided externally adjacent to an
endmost pixel column;

wherein the dummy signal wire is connected to an output
buffer;

wherein the dummy signal wire is connected to corre-
sponding one of the signal wires leading the data signals
of same color and polarity, in accordance with a cvele at
which specific combination of color and polarity in ac
driving appears;

wherein the dummy signal wire is connected to one of the
signal wires, that is a 3n (n=1, 2, . .. )th line from the



US 7,612,750 B2

15

dummy signal wire, in a case of a gate line inversion
driving mode, where n is a natural number;

a source driver for supplying the data signals to the signal
wires; and

a spare wire driving output buffer, provided on the source
driver in advance, that connects a spare wire for restor-
ing one of the signal wires that has been disconnected,
wherein the spare wire driving output buffer is used also
as a dummy pixel driving output buffer.

20. A liquid crystal display device comprising:

scanning wires, provided corresponding to a plurality of
pixels disposed in a matrix manner, to which scanning
signals are applied,

signal wires, provided corresponding to the pixels so as to
cross the scanning wires, to which data signals are
applied,

switching elements, electrically connected to the scanning
wires and the signal wires, each of which is provided in
a vicinity of each of intersections of the scanning wires
and the signal wires;

pixel electrodes connected to the switching elements;
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a dummy signal wire provided externally adjacent to an
endmost pixel column;

wherein the dummy signal wire is connected to an output
buffer;

wherein the dummy signal wire is connected to corre-
sponding one of the signal wires leading the data signals
of same color and polarity, in accordance with a cycle at
which specific combination of color and polarity in ac
driving appears;

wherein the dummy signal wire is connected to one of the
signal wires, that is a 6n (n=1, 2, . .. )th line from the
dummy signal wire, in a case of a dot inversion driving
mode or a source inversion driving mode, where n is a
natural number;

a source driver for supplying the data signals to the signal
wires; and

a spare wire driving output buffer, provided on the source
driver in advance, that connects a spare wire for restor-
ing one of the signal wires that has been disconnected,
wherein the spare wire driving output buffer is used also
as a dummy pixel driving output buffer.
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