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trode and the second signal line.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2012-222061 filed Oct. 4, 2012, the entire contents of which
are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display device.

BACKGROUND

[0003] A liquid crystal display device is used in various
fields of OA equipments such as a personal computer and a
television set, taking advantage of the features such as light
weight, thin shape, and low power consumption. In recent
years, the liquid crystal display device is used also as displays
for a portable remote terminal such as a cellular phone and
PDA (personal digital assistant), a car navigation equipment,
and a game machine.

[0004] By the way, in a liquid crystal display device, volt-
age is applied to upper and lower sides of a liquid crystal
layer, for example, to change transmissivity by changing
alignment state of liquid crystal molecules. Thereby, images
are displayed. However, when the direct-current driving in
which polarity of the applied voltage is not changed is
adopted, since electric distribution changes by existence of
ion impurities in the liquid crystal layer, etc., display grace of
the images falls. Therefore, it is common to adopt an alter-
nating current driving system which inverts polarity of the
applied voltage every predetermined interval.

[0005] As the AC driving system, a frame inversion driving
system, a column (image signal line) inversion driving sys-
tem, a line (scanning signal line) inversion driving system, a
dot inversion driving system, etc., are known. Among the
driving systems, since the dot inversion driving system is a
system which inverts the polarity of the voltage applied to
every adjacent pixel, neither flicker nor cross talk is visible
easily. Therefore, the dot inversion driving system has feature
that uniform luminance distribution is acquired. However,
comparing with other driving systems, there is demerit in
which power consumption is large. Therefore, a pseudo-dot
inversion driving system is proposed. The pseudo-dot invet-
sion driving system has both features of the column inversion
driving system effective in low power consumption, and the
dot inversion driving system effective in display grace. That
is, the same polarity image signals are applied to the column
lines for one frame period, and different polarity images are
applied to adjacent pixels, i.e., the dot inversion display is
performed as a polarity pattern on the display panel.

[0006] When the column inversion driving system is
adopted, fall of the display grace, such as vertical cross talk
may occur. The vertical cross talk is a phenomenon in which
luminance changes in a stripe in regions on upper and lower
sides of a window when the window is displayed in a back-
ground display.

[0007] Since the vertical cross talk remarkably reduces the
display grace, it is necessary to prevent the fall of the display
grace due to the generation of the vertical cross-talk.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incorpo-
rated in and constitute a portion of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0009] FIG. 1 is a figure schematically showing structure
and an equivalent circuit of a liquid crystal display panel LPN
which forms the liquid crystal display device using the col-
umn inversion drive system.

[0010] FIG. 2 is a figure showing vertical cross talk gener-
ated in the column inversion driving system.

[0011] FIG. 3isaplan figure showing structure of one pixel
shown in the display panel.

[0012] FIGS. 4A and 4B are figures showing cause of gen-
eration of the vertical cross talk.

[0013] FIGS.5A and 5B are figures showing the generation
of the vertical cross talk when parasitic capacitances Cp1 and
Cp2 are equal in the column inversion driving system.
[0014] FIG. 6 is a figure showing a display state when the
values of parasitic capacitances Cpl and Cp2 are equal in the
column inversion driving system.

[0015] FIGS. 7A and 7B are figures showing generation of
the vertical cross talk when the parasitic capacitance Cpl is
larger than the parasitic capacitance Cp2 in the column inver-
sion driving system.

[0016] FIG. 81sa figure showing the display state when the
parasitic capacitance Cpl is larger than the parasitic capaci-
tance Cp2 in the column inversion driving system.

[0017] FIGS.9A and 9B are figures showing the generation
of the vertical cross talk in case of displaying a color window
in the column inversion driving system.

[0018] FIG. 101is a figure showing the display state ina case
of displaying a green window in the column inversion driving
system.

[0019] FIG. 11 is a figure showing connection between a
pixel and a signal line in the pseudo-dot inversion driving
system and the polarity of the pixel according to the embodi-
ment.

[0020] FIG. 12 is a figure showing an equivalent circuit of
the pixels in the pseudo-dot inversion driving system accord-
ing to the embodiment.

[0021] FIGS.13A and 13B are figures showing the genera-
tion of the vertical cross talk when parasitic capacitances Cpl
and Cp2 are equal in the pseudo-dot inversion driving system
according to the embodiment.

[0022] FIG. 14 is a figure showing the display state when
parasitic capacitances Cpl and Cp2 are equal in the pseudo-
dot inversion driving system according to the embodiment.
[0023] FIGS. 15A and 15B are figures showing the genera-
tion of the vertical cross talk when the parasitic capacitance
Cpl1is larger than the parasitic capacitance Cp2 in the pseudo-
dot inversion driving system according to the embodiment.
[0024] FIG. 16 is a figure showing the display state when
the parasitic capacitance Cpl is larger than the parasitic
capacitance Cp2 in the pseudo-dot inversion driving system
according to the embodiment.

[0025] FIGS.17A and 17B are figures showing the genera-
tion of the vertical cross when the parasitic capacitance Cpl is
equal to the parasitic capacitance Cp2 in a case of displaying
color window in the pseudo-dot inversion driving system
according to the embodiment.
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[0026] FIG.18isafigure showing thedisplay state ina case
of displaying a green window in the pseudo-dot inversion
driving system according to the embodiment.

[0027] FIGS. 19A, 19B and 19C are figures schematically
showing pixel potential change in the case of displaying the
color window in the column inversion driving system and the
pseudo-dot inversion driving system according to the
embodiment,

[0028] FIG. 20 is a figure showing a method for reducing
the vertical cross talk in the pseudo-dot inversion driving
system according to the embodiment.

[0029] FIG. 21A is a figure showing the structure of the
pixel of prior art, and FIG. 21B is a figure showing the
structure of the pixel according to the embodiment.

[0030] FIG. 22 is a figure showing the structure of the pixel
in the pseudo-dot driving system according to a first embodi-
ment.

[0031] FIG. 23 is afigure showing the structure of the pixel
in the pseudo-dot driving system according to a second
embodiment.

DETAILED DESCRIPTION

[0032] A liquid crystal display device according to an
exemplary embodiment of the present invention will now be
described with reference to the accompanying drawings
wherein the same or like reference numerals designate the
same or corresponding portions throughout the several views.
[0033] According to one embodiment, a liquid crystal dis-
play device using a pseudo-dot inversion driving system com-
prising: a plurality of pixel circuits arranged in a matrix of row
and column and having a pixel electrode, respectively; a first
gate line and a second gate line extending in the row direction;
a first signal line and a second signal line extending in the
column direction; and a switching element connected with
the first and second signal lines; wherein the pixel electrode is
arranged between the first and second signal lines in a plane
seen from a display face and electrically connected with the
first signal line through the switching element, and parasitic
capacitance formed between the pixel electrode and the first
signal line is smaller than the parasitic capacitance between
the pixel electrode and the second signal line.

[0034] According to other embodiment, a liquid crystal
display device using a pseudo-dot inversion driving system
comprising: an array substrate, including; an insulating sub-
strate, a plurality of pixels arranged in a matrix of row and
column, each pixel including a pixel electrode, a first gate line
and a second gate line extending in the row direction; and a
first signal line and a second signal line extending in the
column direction, a switching element connected with the
firstand second signal lines, a semiconductor layer formed on
the insulating substrate under the first signal line through an
insulating film and connected with the switching element, and
a counter substrate facing the array substrate; and a liquid
crystal layer held between the array substrate and the counter
substrate; wherein the pixel electrode is formed on the insu-
lating substrate through an insulating film and arranged in a
region surrounded with the first and second gate lines and the
first and second signal lines, the pixel electrode is electrically
connected with the first signal line through the switching
element, first parasitic capacitance is formed between the
pixel electrode and the first signal line, second parasitic
capacitance is formed between the first signal line and the
semiconductor layer, and third parasitic capacitance is
formed between the pixel electrode and the second signal
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line, and the distance between the first signal line and the pixel
electrode is set to be longer than the distance between the
pixel electrode and the second signal line so that the sum of
the first parasitic capacitance and the second parasitic capaci-
tance is substantially the same as the third parasitic capaci-
tance.

[0035] FIG. 1 is a figure schematically showing structure
and an equivalent circuit of a liquid crystal display panel LPN
which forms the liquid crystal display device using the col-
umn inversion drive system.

[0036] The liquid crystal display is equipped with a trans-
missive active-matrix type liquid crystal display panel LPN.
The liquid crystal display panel LPN is equipped with an
array substrate AR which is the first substrate, and a counter
substrate CT which is a second substrate facing the array
substrate AR and a liquid crystal layer LQ held therebetween.
The liquid crystal display panel LPN is equipped with an
active area ACT which displays images. The active area ACT
includes a plurality of pixels PX arranged in the shape of a
(mxn) matrix (here, m and n are positive integers).

[0037] In the active area ACT, “n” gate lines G (G1-Gn),
and “n” capacitance lines C (C1-Cn) extending in a first
direction X, and “m” signal lines S (S1-Sm) extending along
a second direction Y that intersects perpendicularly the first
direction X, respectively. The switching element SW electri-
cally connected with the gate line G and the signal line S is
formed in each pixel PX, and a pixel electrode PE is electri-
cally connected with each switching element SW. In addition,
TFT (thin film transistor) formed of poly-silicon is used for
the switching element SW.

[0038] A common electrode CE, etc., which faces the pixel
electrode PE is formed in the counter substrate CT. In addi-
tion, the common electrode CE is formed in common to a
plurality of pixels PX.

[0039] Each gate line G is pulled out to the outside of the
active area ACT, and connected to a gate driver GD. Each
signalline S is pulled out to the outside of the active area ACT,
and connected to a source driver SD. Each capacitance line C
is pulled out to the outside of the active area ACT, and elec-
trically connected with a voltage impressing portion VCS to
which auxiliary capacitance voltage is supplied. The common
electrode CE is electrically connected with an electric power
supply portion VS to which common voltage is supplied. At
least a portion of the gate driver GD and the source driver SD
is formed in the array substrate AR, for example, and con-
nected with a driving IC chip 2. In the illustrated example, the
driving IC chip 2 as a signal source required for driving the
liquid crystal display panel LPN is mounted on the outside of
the active area ACT in the array substrate AR in the liquid
crystal display panel LPN.

[0040] In the column inversion driving system, image sig-
nals whose polarity is different every signal line S are output-
ted alternately to each signal line S from the source driver SD.
For example, in one frame period, positive image signals are
supplied to odd-numbered signal lines S, and negative image
signals are supplied to the even-numbered signal lines S. In a
successive frame, the negative image signals are supplied to
the odd-numbered signal lines S. and the positive image sig-
nals are supplied to the even-numbered signal lines S. Suc-
cessively, the above frames are displayed alternately.

[0041] FIG. 2 is a figure showing vertical cross talk gener-
ated in the column inversion driving system. FIG. 2 shows
gradation (luminosity) of each pixel in the display panel LPN
when the vertical cross talk is generated. Positions gl-g12 in
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the vertical direction in FIG. 2 correspond to the gate lines
G1-G12, and positions in the lateral direction s1-s12 corre-
spond to the signal lines S1-S12. In this display panel LPN,
since the display panel LPN displays color images, a red (R)
signal is supplied to lateral positions s1, s4 and s7 .. ., agreen
(G) signal is supplied to lateral positions s2,85,s8 ... ,and a
blue (B) signal is supplied to lateral position s3, s6, and s9 . .

[0042] InFIG.2,theimage of gray gradation is displayed as
the background image, and the image of the high gradation
(white) is displayed in the window. At this time, the display
luminosity changes in a vertical stripe region (corresponding
to lateral direction positions s4-s9) sandwiching the window.
That is, an upper side region of the window is displayed
brighter than the back ground image of the gray gradation,
and an under side region of the window is displayed darker
than the back ground image of gray gradation. This is sighted
as a vertical stroke.

[0043] FIG.3isaplan figure showing structure of one pixel
shown in the display panel. On the left signal line side of the
pixel electrode PE, a signal line S (left signal line) which
supplies the pixel signal to the pixel electrode PE through a
TFT (switching element SW) is arranged extending in a ver-
tical direction (column direction). On the right side of the
pixel electrode PE, a signal line S' (right signal line) which
supplies the pixel signal to the adjacent pixel electrode PE' is
arranged extending in the vertical direction. The pixel elec-
trode PE is connected with a drain electrode of the TFT, the
signal line S is connected with a source electrode of the TFT,
and the gate electrode is connected with a lower gate line G
extending in a lateral direction (row direction). An upper gate
line G' is arranged in parallel with the lower gate line G for
scanning adjacent pixel electrode. Further, a capacitance line
Cs 1s arranged in parallel with the lower gate line G and the
upper gate line G'.

[0044] FIGS. 4A and 4B are figures showing cause of gen-
eration of the vertical cross talk. FIG. 4A is a cross-sectional
figure of the pixel taken along line A-A shown in FIG. 3. FIG.
4B is a cross-sectional figure taken along line B-B of the pixel
shown in FIG. 3.

[0045] As shown in FIG. 4A, the left signal line S and the
right signalline S' are covered with an organic insulating film,
and insulated from the pixel electrode PE. However, parasitic
capacitances Cplp and Cp2p are generated, respectively,
between the pixel electrode PE and the left signal line S, and
between the pixel electrode PE and the right signal line S'.
While the pixel electrode PE and the left line S are electrically
connected through the switching element SW at the time of
the writing of a pixel signal, they are electrically insulated
state each other holding the potential in other remaining
period than the writing timing in the frame period. Therefore,
when potential variation of the left signal line S and the right
signal line S' occurs, display luminosity changes because the
potential of the pixel electrode PE is affected through both
parasitic capacitances on the left-and-right sides. This results
in the generation of the vertical cross talk.

[0046] The cause of the generation of the cross-talk is
explained in detail. In the example of the pixel structure
shown in FIG. 4A, semiconductor layers which form the
switching elements SW are arranged under the left signal line
S and the right signal line S', respectively. The semiconductor
layers correspond to the drain electrodes and are electrically
connected with the pixel electrode PE. Shield lines Cs are
arranged between the left and right signal lines S and S' and
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the semiconductor layers, respectively. The shield lines Cs
are formed by arranging the capacitance line Cs, which are
arranged in parallel with the gate lines, under the signal lines
S1 and S2 so as to have shield function. In the case of pro-
viding the shield line Cs, the parasitic capacitance formed
between the left signal line S and the semiconductor layer,
and between the right signal line S' and the semiconductor
layer is negligibly small

[0047] On the other hand, the shield line Cs is not provided
in FIG. 4 B. That is, the shield line Cs can not be formed
because the shield line Cs and the gate line G are formed in the
same layer, and the gate line G is arranged near the switching
element SW along a cross-sectional line B-B. As a result,
parasitic capacitance Cp1' is generated between the semicon-
ductor layer electrically connected with the pixel electrode
PE and the left signal line S as shown in FIG. 4B. Here, since
the semiconductor layer is connected with the pixel electrode
PE, the potential change of the signal line is transmitted to the
pixel electrode PE through the parasitic capacitance Cp'.
Accordingly, the potential change of the signal line affects to
the pixel electrode potential through the parasitic capacitance
Cp'.

[0048] On the other hand, although the parasitic capaci-
tance generated on the right signal line S' side affects to the
adjacent pixel electrode PE', the influence to the pixel elec-
trode PE is negligibly small. Therefore, in FIG. 4B, the para-
sitic capacitance Cpl on the left signal line side S becomes
(Cp1p+Cp"), and the parasitic capacitance Cp2 on the right
signal line S' side becomes (Cp2p). Even if the parasitic
capacitance resulted from the above structure becomes
Cplp=Cp2p, a relation of Cp1>Cp2 is formed under the
influence of the parasitic capacitance Cp'. In this example,
although the relation Cp1>Cp2 is formed under the influence
of the parasitic capacitance Cpl' between the semiconductor
layer and the left signal line, the balance between Cpl and
Cp2 may be lost due to other parasitic capacitances.

[0049] Then, the cause why the vertical cross talk generates
in the column inversion driving system is explained in detail.

[0050] [Column Inversion Driving System: White Window,
Cpl=Cp2]
[0051] FIGS.5A and 5B are figures showing the generation

of the vertical cross talk when the parasitic capacitances Cpl
and Cp?2 are equal in the column inversion driving system.
[0052] FIG.5Aisafigure schematically showing the polar-
ity of the pixels in a certain frame period. In FIG. 5A, positive
image signals are supplied to odd signal lines S1, S3,. .., and
the pixel electrodes of the pixels arranged in the odd num-
bered columns are charged to positive. On the other hand,
negative image signals are supplied to even signal lines S2,
S4, ..., and the pixel electrodes of the pixels arranged in the
even numbered columns are charged to negative. The back-
ground image is displayed in the gray gradation luminosity,
and the image in the window is displayed in high gradation
luminosity (white). In addition, the polarity is inverted at the
following frame period. Following explanation is made refer-
ring to an example of a normally black mode in which the
display becomes black in case no voltage is impressed to the
liquid crystal layer.

[0053] FIG. 5B is a time chart showing potential change of
the signal line S and the pixel electrode PE at the timing of the
image signal writing. The horizontal axis of FIG. 5B
expresses time progress with the vertical direction positions
gl, g2 . .., which the gate line selects, and the vertical axis
expresses potential. The solid line in the figure expresses the
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image signals supplied to the signal lines S3, S4, . . ., and the
dotted line expresses the potential of the corresponding pixel.
Moreover, (R), (G) and (B) signals are supplied to the signal
line S corresponding to red, green, and blue colors shown in
the figure.

[0054] Since the gray gradation is displayed in the pixels
arranged in the vertical direction positions gl-g3, the value
(absolute value) of the signal potential outputted to the signal
lines S$3-S10 is the same. When displaying the pixels in the
vertical direction position g4, high-luminosity negative
potential is impressed to the signal line S4. Since the signal
line S3 continuously supplies the gray gradation potential at
this time, there is no change of potential. On the other hand,
since the signal line S4 changes from the negative gray gra-
dation potential to negative white color potential, the poten-
tial change is generated in a negative direction. For this rea-
son, in the pixel electrodes PE connected with the signal line
S3 in the vertical direction positions g1-g3, since the parasitic
capacitance Cpl equals to the parasitic capacitance Cp2, the
positive potential of the pixel electrodes PE holding the posi-
tive potential falls under the influence of change of the right
signal line. As a result, the liquid crystal impressing voltage
applied to the pixels PX in the positions is lowered, and the
luminosity falls.

[0055] High-luminosity positive potential is impressed to
the signal line S5 when displaying the pixels in the vertical
direction position gd. The negative potential applied to the
signal line S4 and the positive potential supplied to the adja-
cent signal line S5 have the same absolute value, respectively.
That 1s, the potential change directions of the signal line S4
and the adjacent signal line S5 are opposite each other, and the
respective amplitudes are equal. Here, the parasitic capaci-
tance Cpl equals to the parasitic capacitance Cp2. For this
reason, potential changes of the same intensity and opposite
directions act on the pixel electrodes PE of the pixels in the
vertical direction positions gl1-g3 connected with the signal
line S4, and the potential changes are canceled each other.
Therefore, the potential which the pixel electrode PE holds
does not change.

[0056] Regarding the signal lines S6-S8 when displaying
the vertical direction position g4, the potential changes are
offset each other because the potential changes of the same
intensity in opposite directions act on the pixel electrodes PE
connected with the signal lines in a same manner as the time
of displaying the pixel electrodes PE connected with the
signal line S4. Therefore, the potential which the pixel elec-
trode PE holds does not change.

[0057] High-luminosity positive potential is impressed to
the signal line S9 when displaying the vertical direction posi-
tion g4. On the other hand, negative potential of gray grada-
tion is continuously supplied to the signal line S10. At this
time, while the signal line S9 changes to a positive direction
because the signal line S9 changes from positive gray grada-
tion potential to positive white potential, the potential of the
signal line S10 does not change keeping the negative gray
gradation. For this reason, in the pixel electrodes PE of posi-
tive potential connected with the signal line S9 in the vertical
direction positions g1-g3, since the parasitic capacitance Cpl
equals to Cp2, the potential of the pixel electrodes PE rises
under the influence of the potential change of the signal line
S9. As a result, the liquid crystal impressing voltage of the
pixels PX in the positions also rises, and the luminosity
increases.
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[0058] Therefore, in the vertical direction positions g1-g3,
the pixel connected to the signal line S3 changes darkly, and
in the pixels connected with the signal lines S4-S8, there is no
change of luminosity, and the pixels connected with the signal
line S9 changes brightly.

[0059] Potential change AVpix which the above pixel elec-
trode PE receives can be expressed with a formula (1).

AVpix=(Cpl/CtotalxA Vsigleft)-(Cp2/Ctotalx A Vsi-

gright) Formula (1)
[0060] Here,
[0061] Cpl: the parasitic capacitance between the left

signal line S and the pixel electrode PE,

[0062] Cp2: the parasitic capacitance between the right
signal line S' and the pixel electrode PE,

[0063] Ctotal the total capacitance (liquid crystal capaci-
tance, auxiliary capacitance and parasitic capacitance,
are included),

[0064] AVsigleft: potential change amount (absolute value)
of the left signal line S, and

[0065] AVsigright: potential change amount (absolute
value) of the right signal line S/,

[0066] In the pixel electrodes PE connected with the verti-
cal direction positions g10-g12, the pixel electrodes PE are
affected by the signal line potential change at the time of the
window display, i.e., the timing for writing to the line gd ina
following frame in which full screen polarities are inverted
from the polarities shown in FIG. 5A. Therefore, potential
change direction of the signal lines also becomes opposite to
the potential change direction of the signal lines at the time of
potential change of the pixel electrodes PE connected with the
above-mentioned lines g1-g3 because the polarity is reversed.
That is, the potential change direction of the pixel electrodes
PE affected by the signal line potential change also turns into
opposite to the potential change direction of the pixel elec-
trodes PE connected with the lines g1-g3. Therefore, if the
above-mentioned operation is applied, in the vertical direc-
tion positions g10-g12, the pixels connected with the line S3
changes brightly. In the pixels connected with the signal lines
S4-S8, there is no change of luminosity, and the pixels con-
nected with the signal line S9 change darkly.

[0067] FIG. 6 is a figure showing a display state when the
values of parasitic capacitances Cp1 and Cp2 are equal in the
column inversion driving system.

[0068] As shown in FIG. 6, bright and dark pixels occur
only in the line portions extending along ends of the window
in the column dorection. That is, the display luminosity of the
gray gradation of all the pixels (lateral direction positions
s4-59) surrounding the window does not change change. The
reason is follows: the influence of potential change is can-
celed under the conditions of Cp1=Cp2 because the potential
changes of the signal line S and the adjacent signal line S are
the same and act in the opposite directions at the starting time
of the window display.

[0069] [Column Inversion Driving System: White Window,
Cp1>Cp2]
[0070] FIG. 7 is a figure showing the generation of the

vertical cross talk when the parasitic capacitance Cp11is larger
than the parasitic capacitance Cp2 in the column inversion
driving system.

[0071] FIG. 7Ais a figure schematically showing the polar-
ity of the pixel in one frame. Since FIG. 7A is the same as FIG.
5A, detailed explanation is omitted. FIG. 7B is a time chart
showing the potential change of the signal line S and the pixel
electrode PE at the time of the image signal writing.
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[0072] Since the gray gradation is displayed in the pixels
arranged in the vertical direction positions gl-g3, the value
(absolute value) of the signal potential outputted to the signal
lines S3-S10 is the same. When displaying the pixels in the
vertical direction position g4, high-luminosity negative
potential is impressed to the signal line S4. Since the signal
line S3 continuous supply the gray gradation potential at this
time, there is no change of potential. On the other hand, since
the signal line S4 changes from negative gray gradation
potential to negative white color potential, the potential
change is generated in a negative direction. For this reason, in
the pixel electrodes PE connected with the signal line S3 in
the vertical direction positions g1-g3, the positive potential of
the pixel electrode PE falls under the influence of potential
change of the adjacent signal line S4. As a result, the liquid
crystal impressing voltage applied to the pixels PX in the
positions is lowered, and the luminosity falls.

[0073] High-luminosity positive potential is impressed to
the signal line S5 when displaying the pixels in the vertical
direction position gd4. The negative potential applied to the
signal line S4 and the positive potential applied to the adja-
cent signal line S5 have the same absolute values, respec-
tively. That is, the potential change directions of the signal
line S4 and the adjacent signal line S5 are opposite, and the
respective change amount is equal. Here, the parasitic capaci-
tance Cpl is larger than the parasitic capacitance Cp2. For this
reason, the potential of the pixel electrodes PE connected
with the signal lines S4 in the vertical directions g1-g3 is more
affected by the potential change by the signal lines S4 than the
potential change of the adjacent signal line. Accordingly, the
potential of the pixel electrodes PE holding negative potential
changes to a negative direction, i.e., the potential change
direction of the signal line S4. As a consequence, the liquid
crystal impressing voltage increases, and the luminosity of
the pixels PX in this position increases.

[0074] Regarding the signal lines S6-S8 when displaying
the vertical direction position g4, potential with the same
magnitude in the oppositedirection act on the connected pixel
electrodes PE as well as when displaying the pixels connected
with the signal line S4. However, the parasitic capacitance
Cp1 is larger than the parasitic capacitance Cp2, the potential
which the pixel electrodes PE hold becomes larger. As a
consequence, the luminosity of the pixels PX in this position
increases.

[0075] High-luminosity positive potential is impressed to
the signal line S9 when displaying the vertical direction posi-
tion gd. On the other hand, negative potential of gray grada-
tion is continuously impressed to the signal line S10. At this
time, while the signal line S9 changes in the positive direction
from positive gray gradation potential to positive white poten-
tial, the potential of the signal line S10 does not change
keeping the negative gray gradation potential. For this reason,
in the pixel electrodes PE of positive potential connected with
the signal line S9 in the vertical direction positions gl-g3, the
potential of the pixel electrodes PE rises under the influence
of the potential change of the signal line S9. As a result, the
liquid crystal impressing voltage of the pixels PX in the
positions becomes high, and the luminosity increases

[0076] Therefore, in the vertical direction positions g1-g3,
the pixels connected with the signal line S3 change darkly,
and in the pixels connected with the signal lines S4-S9, the
pixels change brightly.
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[0077] Potential change AVpix which the pixel electrode
PE explained above receives can be similarly expressed with
a following formula (1).

AVpix=(Cpl/CtotalxA Vsigleft)-(Cp2/Ctotalx A Vsi-
gright)

[0078] In the pixel electrodes PE connected with the verti-
cal direction positions g10-g12, the pixel electrodes PE are
affected by the signal line potential change at the time of the
window display, i.e., the timing for writing to the line g4 ina
following frame in which full screen polarities are inverted
from the polarities shown in FIG. 7A. Therefore, potential
change direction of the signal lines also becomes opposite to
the potential change direction of the signal lines at the time of
potential change of the pixel electrodes PE connected with the
above-mentioned lines g1-g3 because the polarity is reversed.
That is, the potential change direction of the pixel electrodes
PE affected by the signal line potential change also turns into
opposite to the potential change direction of the pixel elec-
trodes connected with the lines gl-g3. Therefore, if the
above-mentioned operation is applied, in the vertical direc-
tion positions g10-gl13, the pixels connected with the signal
lines S3 change brightly. On the other hand, the pixels con-
nected with the signal lines S4-S9 change darkly.
[0079] FIG. 8is a figure showing the display state when the
parasitic capacitance Cpl is larger than the parasitic capaci-
tance Cp2 in the column inversion driving system.
[0080] As shown in FIG. 8, the display luminosity of the
gray gradation of all the pixels arranged sandwiching the
window (lateral direction positions s4-s9) changes. There-
fore, when parasitic capacitance Cp1 differs from Cp2 mutu-
ally (usually Cp1>Cp2), it turns out that the vertical cross talk
occurs.
[0081] [Column Inversion Driving: Color Window]
[0082] FIG. 9 is a figure showing the generation of the
vertical cross talk in a color window in the column inversion
driving system. That is, although it is a case where a green
window picture is displayed on the background image of gray
gradation in FIG. 9, parasitic capacitances Cp1 and Cp2 are
not conditions for comparison.
[0083] FIG. 9A isa figure schematically showing the polar-
ity of the pixels in one frame. In FIG. 9A, positive image
signals are supplied to odd signal lines S1, S3 . . ., and the
pixel electrodes of the pixels arranged in the odd numbered
columns are charged to positive. On the other hand, negative
image signals are supplied to the even signal lines S2, 84 . ..
, and the pixel electrodes of the pixels arranged in the even
numbered columns are charged to negative. The background
image is displayed in the gray gradation luminosity, and the
image in the window is displayed in a green color. Accord-
ingly, predetermined gradation signals are outputted to the
signal lines S5, S8 for supplying green color signal. The
signals of “0”V corresponding to black picture are supplied to
the signal lines S4, S6, S7 and S9 for supplying red and blue
signals. In addition, the polarities are inverted in the next
frame.
[0084] FIG. 9B is a time chart showing potential change of
the signal line S and the pixel electrode PE at the time of
image signal writing.
[0085] Since the gray gradation is displayed in the pixels
arranged in the vertical direction positions gl-g3, the value
(absolute value) of the signal potential outputted to the signal
lines S3-S10 is the same. When displaying the pixels in the
vertical direction position g4, “0”V voltage is impressed to
the signal line S4. The signal line S3 continuously supplies

Formula (1)
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gray gradation potential at this time, and there is no change of
potential. On the other hand, since the signal line S4 changes
from negative gray gradation potential to black potential
(0V), the potential change is generated in a positive direction.
For this reason, in the pixel electrodes PE connected with the
signal line S3 in the vertical direction positions gl-g3, the
positive potential of the pixel electrode PE rises under the
influence of the potential change of the adjacent signal line
S4. As a result, the liquid crystal impressing voltage applied
to the pixels PX in the positions rises, and the luminosity
increases.

[0086] The potential of “0” V is supplied to the signal line
S4 when displaying the vertical direction position g4, and
potential change in the positive direction occurs as described
above. On the other hand, since the positive green high gra-
dation potential is impressed to the adjacent signal line S5, the
signal line S5 changes from positive half tone gradation
potential to the positive high gradation potential, i.e., the
change in the positive direction generates. For this reason, the
pixel electrodes PE connected with the signal line S4 in the
vertical direction positions gl-g3 and holding the negative
potential are affected by the potential change in the same
direction (positive direction) from the signal lines S4 and S5,
and the absolute value of the negative potential falls. That is,
the luminosity of the pixels PX in the positions falls.

[0087] High positive gradation potential of green color is
supplied to the signal line S5 when displaying the vertical
direction position g4, and potential change in the positive
direction occurs as described above. On the other hand,
potential “0”V is supplied to the adjacent signal line S6, and
the change in the positive direction is generated. For this
reason, the pixel electrodes PE connected with the signal line
S5 in the vertical direction positions gl-g3 and holding the
positive potential are affected by the potential change in the
same direction (positive direction) from the signal lines S5
and S6, and the absolute value of the positive potential
increases. That is, the luminosity of the pixels PX in the
positions increases.

[0088] 0™V potential is supplied to the signal line S6 when
displaying the vertical direction position g4, and potential
change in the positive direction occurs as described above. On
the other hand, potential “0”V is also supplied to the signal
line S7, and the potential of the signal line S7 changes in the
negative direction. Since the potential change direction of the
signal lines S6 and S7 is opposite, and the potential change
amount of the signal lines S6 and S7 is the same each other,
the potential of the pixel electrodes PE connected with the
signal line S6 in the vertical direction positions gl-g3 does
not change without being affected by the signal line and the
adjacent signal line under the condition of Cp1=Cp2. That is,
the luminosity of the pixels PX in the positions does not
change.

[0089] Similarly, it turns out that the luminosity of the
pixels connected with the signal line 87 in the vertical direc-
tion positions gl-g3 falls, the luminosity of the pixels con-
nected with the signal line S8 increases, and that the luminos-
ity of the pixels connected with the signal line S9 falls.

[0090] Therefore, in the vertical direction positions g1-g3,
the luminosity of the pixels connected with the signal lines
S3, S5 and S8 changes brightly. In the pixels connected with
the signal line S6, there is no change of luminosity. In the
pixels connected with the signal line S4, S7 and S9, the
luminosity change darkly.
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[0091] In the pixel electrodes PE connected with the verti-
cal direction positions g10-g12, the pixel electrodes PE are
affected by the signal line potential change at the time of the
window display, i.e., the timing for writing to the line gd ina
following frame in which full screen polarities are inverted
from the polarities shown in FIG. 9A. Therefore, potential
change direction of the signal lines also becomes opposite to
the potential change direction of the signal lines at the time of
potential change of the pixel electrodes PE connected with the
above-mentioned lines g1-g3 because the polarity is reversed.
That is, the potential change direction of the pixel electrodes
PE affected by the signal line potential change also turns into
opposite to the potential change direction of the pixel elec-
trodes connected with the lines gl-g3.
[0092] Therefore, if the above-mentioned operation is
applied, in the vertical direction positions gl0-g13, the pixels
connected with the signal line S3, S5 and S8 change darkly. In
the pixel connected with the signal Sé, there is no change of
luminosity, and the pixels connected with the signal lines S4,
S7 and S9 change brightly.
[0093] FIG. 10 is a figure showing the display state in the
case of displaying a green window in the column inversion
driving system.
[0094] As shown in FIG. 10, the display luminosity in the
region sandwiching the window (lateral direction positions
s4-59) changes. On the upper side of the window (vertical
direction positions gl-g3), the luminosity of the pixels con-
nected with the signal lines S5 and S8 for displaying the green
color increases, and the luminosity of the pixels connected
with the signal lines S4, S6, S7 and S9 for displaying the red
and blue colors decreases or does not change. As a result, in
this gray gradation region, green color is emphasized and
colored in light green. On the down side of the window
(vertical direction positions g10-g12), the luminosity of the
pixels connected with the signal lines S5, S8 for displaying
the green color decreases, and the luminosity of the pixels
connected with the signal lines S4, S6, S7 and S9 for display-
ing red and blue colors increases or does not change. As a
result, in this gray gradation region, green color is displayed
by being weaken and colored in a complementary color.
[0095] Potential change AVpix which the above pixel elec-
trode PE receives can be expressed with a following formula
).

AVpix=(Cpl/CtotalxA Vsigleft)+(Cp2/Ctotalx A Vsi-

gright)

[0096] Although the second term is subtracted from the first
term in the right side in the formula (1), the first term and the
second term in the right side are added in the formula (2).
Therefore, when displaying the color window, it turns out that
the vertical cross talk occurs by adding the parasitic capaci-
tances Cpl and Cp2 without depending on the difference
between parasitic capacitances Cp1 and Cp2.
[0097] Following three measures are thought for reducing
the vertical cross talk in the column inversion driving system
by the above analysis.
[0098] (1) to make small the difference between the para-
sitic capacitance (CP1) between one signal line and the pixel
electrode PE and the parasitic capacitance (CP2) between the
pixel electrode PE and the adjacent signal line.
[0099] (2) to make small the parasitic capacitance values
(CP1) and (CP2).
[0100] (3) to make large the total capacitance value of the
pixel.

Formula (2)
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[0101] However, the size of the pixel tends to become large,
and the influence by the parasitic capacitances (CP1) and
(CP2) also tend to become large. The tendency works disad-
vantageously for reducing the vertical cross talk.

[0102] Next, referring to the generation of the vertical cross
talk in the above-mentioned column inversion driving sys-
tem, the vertical cross talk in the pseudo-dot inversion driving
system is explained.

[0103] Thedotinversion driving system is adriving method
to carry out a dot inversion display so that pixels to which
positive/negative polarity image signals are applied are
arranged by turns in the shape of'a check. In this dot inversion
driving system, while the display grace is improved, for
example, the generation of a flicker is controlled, power con-
sumption increases.

[0104] FIG. 11 is a figure showing connection between the
pixel and the signal line, and the polarity of the pixels in the
pseudo-dot inversion driving system according to this
embodiment.

[0105] In the liquid crystal display panel LPN shown in
FIG. 11, the signal lines S1, S3, . . . of odd numbered columns
supply positive signals to the pixels PX, and the signal lines
S2, 84, . .. of even numbered columns supply negative sig-
nals. The signal lines S1, S3, . . . of odd numbered columns
and the signal lines S2, S84, . . . of even numbered columns are
connected with left and right hand pixels PX in a staggered
shapein the vertical direction in the vertical positions g1-g12,
respectively.

[0106] FIG. 12 is a figure showing the equivalent circuit of
the pixels in the pseudo-dot inversion driving system accord-
ing to this embodiment. The switching elements SW in the
pixels are connected with different signal lines S every row
line in this equivalent circuit, respectively.

[0107] [Pseudo-Dot Inversion Driving System: White Win-
dow, Cp1=Cp2]

[0108] FIG. 13 is a figure showing the generation of the
vertical cross talk when parasitic capacitances Cp1 and Cp2
are equal in the pseudo-dot inversion driving system accord-
ing to this embodiment. That is, FIG. 13 shows a display state
in the case of Cp1=Cp2 in which a white window picture is
displayed on the background image of gray gradation.
[0109] FIG. 13A is a figure schematically showing the
polarity of the pixels in one frame. In FIG. 13A, the signal
lines S1, 83, . . . of odd numbered columns supply positive
signals to the pixels PX, and the signal lines S2, 84, . . . of even
numbered column supply negative signals. The signal lines
S1,S3, ... of odd numbered columns and the signal lines S2,
S4, ... of even numbered columns are connected with left and
right hand pixels PX in a staggered shape in the vertical
direction, respectively. That is, FIG. 13 shows a display state
in which a white window picture with high gradation lumi-
nosity is displayed on the background image with gray gra-
dation luminosity. At the next frame, the polarity is inverted.
[0110] FIG. 13B is a time chart which shows potential
change of the signal line S and the pixel electrode PE in the
case of image signal writing. The lateral axis of FIG. 13B
expresses time progress by the vertical direction positions g1,
g2 . .., which the gate line selects, and the vertical axis
expresses potential. The solid line in the figure expresses the
picture signals supplied to the signal lines S3.S4 .. ., and the
dotted line expresses the potential of the corresponding pixel.
[0111] In the vertical direction positions gl-g3, since the
gray gradation pictures are displayed, the value (absolute
value) of the signal potential outputted to the signal lines
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S3-S10 is the same. When displaying the vertical direction
position gd, since the gray gradation potential is outputted to
the signal line S4, there is no potential change, and high-
luminosity positive potential is impressed to the signal line
S5.

[0112] First, pixels PX in the vertical direction position gl
are explained. In the pixel electrodes PE (Blue) of the vertical
direction position gl connected with the signal line S3, the
absolute value of the potential becomes small by the influence
of the potential change when outputting the high-luminosity
negative potential to the adjacent signal line S4 at the timing
of displaying the vertical direction positions g5, g7 and g9.
That is, the luminosity of the pixels PX becomes dark. In the
pixel electrode PE (Red) of the vertical direction position gl
connected with the signal line S4, the absolute value of the
potential becomes small at the timing when displaying the
vertical direction positions g4-g9 due to the influence by the
potential change of the signal line S4 every row line and the
potential change of the adjacent signal line S5 in the g4 and
210. That is, in the selected periods g4, g6, and g8, the liquid
crystal impressing voltage reduces. Accordingly, the lumi-
nosity of the pixels PX becomes dark. In the pixel electrodes
PE (Green) of the vertical direction position gl connected
with the signal line S5, while the high-luminosity positive
potential of the signal line S5 and the high-luminosity nega-
tive potential of the adjacent signal line S6 interact each other,
the influence is offset since CP1 equals to CP2. That is, there
is no change of luminosity in the pixels PX. It is possible to
obtain the luminosity change of each pixel PX applying the
same analysis to the signal lines S7, S8 . . . .

[0113] Next, the pixels PX in the vertical direction position
22 are explained. In the pixel electrodes PE (Blue) in the
vertical direction position g2 connected with the signal line
Sd4, the absolute value of the potential becomes large by the
influence of the potential change at the time of outputting the
high-luminosity negative potential to the signal line S4 when
displaying the vertical direction positions g5, g7 and g9. That
is, the luminosity of the pixels PX becomes bright. In the pixel
electrodes PE (Red) of the vertical direction position g2 con-
nected with the signal line S5, the absolute value of the
potential becomes large at the timing when displaying the
vertical direction positions g4-g9 due to the influence by the
potential change of the signal line S4 every row line and the
potential change of the signal line S5 in the g4 and g10. That
is, in the selected periods g4, g6 and g8, the liquid crystal
impressing voltage increases. The luminosity ofthe pixels PX
becomes bright. In the pixel electrodes PE (Green) of the
vertical direction position g2 connected with the signal line
S6, while the high-luminosity negative potential of the signal
line S6 and the high-luminosity positive potential of the adja-
cent signal line S5 interacts each other, the influence is offset
since CP1 equals to CP2. That is, there is no change of
luminosity in this pixel PX. It is possible to obtain the lumi-
nosity change of each pixel PX applying the same analysis to
the signal lines S7, S8, . . ..

[0114] Regarding the pixels PX in the vertical direction
position g3, the same analysis as the pixels PX in the vertical
direction position g1 can be made.

[0115] In the pixel electrodes PE connected with the verti-
cal direction positions g10-gl12, the pixel electrodes PE are
affected by the signal line potential change at the time of the
window display, i.e., the timing for writing to the line g4 in a
following frame in which full screen polarities are inverted
from the polarities shown in FIG. 13A. Therefore, potential
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change direction of the signal lines also becomes opposite to
the potential change direction of the signal lines at the time of
potential change of the pixel electrodes PE connected with the
above-mentioned lines g1-g3 because the polarity is reversed.
That is, the potential change direction of the pixel electrodes
PE affected by the signal line potential change also turns into
opposite to the potential change direction of the pixel elec-
trodes connected with the lines g1-g3.

[0116] Therefore, if above-mentioned analysis is applied,
the luminosity of the vertical direction positions gl10-g13
becomes in a opposite state to the luminosity of the vertical
direction positions gl-g3.

[0117] FIG. 14 is a figure showing the display state accord-
ing to the vertical cross talk when parasitic capacitances Cpl
and Cp2 are equal in the pseudo-dot inversion driving system
according to this embodiment.

[0118] Asshownin FIG. 14, bright and dark pixels occur in
line portions extending along both ends of the window in the
column direction. However, the display luminosity of gray
gradation in all the pixels PX sandwiching the window (lat-
eral direction positions s4-s9) does not change. That is, the
influence of potential change is canceled under the condition
of Cp1=Cp2 because the potential changes of the signal line
S and the adjacent signal line S are the same and interacts in
the opposite direction.

[0119] Moreover, since the bright line and dark line are
reversed in the odd row lines and even row lines as shown in
FIG. 14, the light and dark lines are eased by being equalized
in visual effect.

[0120] [Pseudo-Dot Inversion Driving System: White Win-
dow, Cp1>Cp2]

[0121] FIGS.15A and 15B are figures showing the genera-
tion of the vertical cross talk when the parasitic capacitance
Cp1 islarger than the parasitic capacitance Cp2 in the pseudo-
dot inversion driving system according to this embodiment.
[0122] FIG. 15A is a figure schematically showing the
polarity of the pixels in one frame. Since it is the same as that
shown in FIG. 13A, detailed explanation is omitted. FIG. 15B
is a time chart schematically showing potential change of the
signal line S and the pixel electrode PE at the timing of image
signal writing.

[0123] In the vertical direction positions gl-g3, since the
gray gradation is displayed, the value (absolute value) of the
signal potential outputted to the signal lines S3-S10 is the
same. When displaying the vertical direction position g4,
since the gray gradation potential is outputted to the signal
line S4, there is no potential change, and high-luminosity
positive potential is impressed to the signal line S5.

[0124] First, pixels PX in the vertical direction position gl
are explained. In the pixel electrodes PE (Blue) of the vertical
direction position gl connected with the signal line S3, the
absolute value of the potential becomes small by the influence
of the potential change at the time of outputting the high-
luminosity negative potential to the adjacent signal line S4
when displaying the vertical direction positions g5, g7 and g9.
That is, the luminosity of the pixels PX becomes dark. In the
pixel electrodes PE (Red) of the vertical direction position gl
connected with the signal line S4, the absolute value of the
potential becomes small when displaying the vertical direc-
tion positions g4-g9 due to the influence by the potential
change of the signal line S4 every row line and the potential
change of the adjacent signal line S5 in the g4 and g10. That
is, in the selected periods g4, g6 and g8, the liquid crystal
impressing voltage reduces. Accordingly, the luminosity of
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the pixels PX becomes dark. In the pixel electrode PE (Green)
of the vertical direction position g1 connected with the signal
line S5, while the high-luminosity positive potential of the
signal line S5 and the high-luminosity negative potential of
the adjacent signal line S6 interacts each other, negative
potential becomes large by the influence of the signal line S5
since CP1 is larger than CP2. That is, the luminosity of the
pixels becomes high. It is possible to obtain the luminosity
change of each pixel PX applying the same analysis to the
signal lines S7,S8 . . ..

[0125] Next, the pixels PX in the vertical direction position
22 are explained. In the pixel electrodes PE (Blue) in the
vertical direction position g2 connected with the signal line
S4, the absolute value of the potential becomes large by the
influence of the potential change at the time of outputting the
high-luminosity negative potential to the signal line S4 when
displaying the vertical direction positions g5, g7 and g9. That
is, the luminosity of the pixels PX becomes bright. In the pixel
electrodes PE (Red) of the vertical direction position g2 con-
nected with the signal line S5, the absolute value of the
potential becomes large when displaying the vertical direc-
tion positions g4-g9 due to the influence by the potential
change of the signal line S4 every row line and the potential
change of the signal line S5 in the vertical directions g4 and
£10. In the selected periods g4, g6, and g8, the liquid crystal
impressing voltage increases. That is, the luminosity of this
pixel PX becomes bright. In the pixel electrodes PE (Green)
of the vertical direction position g2 connected with the signal
line S6, while the high-luminosity negative potential of the
signal line S6 and the high-luminosity positive potential of
the adjacent signal line S5 interact each other, negative poten-
tial becomes large by the influence of the signal line S6 since
CP1 is larger than CP2. The luminosity of the pixels becomes
large. It is possible to obtain the luminosity change of each
pixels PX applying the same analysis to the signal lines S7, S8

[0126] Regarding the pixels PX in the vertical direction
position g3, the same analysis as the pixels PX in the vertical
direction position g1 can be made.

[0127] Inthe pixel electrodes PE connected with the verti-
cal direction positions g10-g12, the pixel electrodes PE are
affected by the signal line potential change at the time of the
window display, i.e., the timing for writing to the line g4 in a
following frame in which full screen polarities are inverted
from the polarities shown in FIG. 15A. Therefore, potential
change direction of the signal lines also becomes opposite to
the potential change direction of'the signal lines at the time of
potential change of the pixel electrodes PE connected with the
above-mentioned lines g1-g3 because the polarity is reversed.
That is, the potential change direction of the pixel electrodes
PE affected by the signal line potential change also turns into
opposite to the potential change direction of the pixel elec-
trodes connected with the lines gl-g3. Therefore, if above-
mentioned analysis is applied, the luminosity of the vertical
direction positions g10-g13 becomes in a opposite state to the
luminosity of the vertical direction positions g1-g3.

[0128] FIG. 16 is a figure showing the display state when
the parasitic capacitance Cpl is larger than the parasitic
capacitance Cp2 in the pseudo-dot inversion driving system
according to this embodiment.

[0129] As shown in FIG. 16, the display luminosity of the
gray gradation of all the pixels sandwiching the window
(lateral direction positions s4-s9) changes. Therefore, when
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parasitic capacitance Cp1 differs from Cp2 mutually (usually
Cp1>Cp2), it turns out that the vertical cross talk occurs.
[0130] [Pseudo Dot-Inversion Driving System: Color Win-
dow, Cp1=Cp2]

[0131] FIG. 17 is a figure showing the generation of the
vertical cross when the parasitic capacitance Cp1 is equal to
the parasitic capacitance Cp2 in the pseudo-dot inversion
driving system in the case of displaying a color window
according to this embodiment.

[0132] FIGS.17 A and 17B are figures schematically show-
ing the polarity of the pixel PX in one frame. The background
image is displayed with the luminosity of gray gradation, and
the picture in the window is displayed in green color. There-
fore, the green signal with predetermined gradation is sup-
plied to the signal lines S5 and S8 for supplying the green
signal to the vertical direction position g5, g7 and g9, and the
signal lines S6 and S9 for supplying the green signal to the
vertical direction positions g4, g6 and g8. On the other hand,
the signal potential of the signal line S which supplies red
signal and blue signal is set to the potential corresponding to
black color, i.e., approximately “0”V in the illustrated
example. In addition, the polarity is reversed in the following
frame.

[0133] FIG. 17B is a time chart schematically showing
potential change of the signal line S and the pixel electrode PE
in the case of image signal writing.

[0134] In the vertical direction positions gl-g3, since the
gray gradation is displayed, the value (absolute value) of the
signal potential outputted to the signal lines S3-S10 is the
same. When displaying the vertical direction positions g5, g7
and g9, “0”V is applied to the signal line S4, and positive
potential is supplied to the signal line S3.

[0135] First, the pixels PX of the vertical direction position
gl are explained. In the pixel electrodes PE (Blue) of the
vertical direction position gl connected with the signal line
S3, the potential increases due to the influence by increasing
potential of the adjacent signal line S4 from “negative” volt-
age to “0” at the timing for displaying the vertical direction
position g5, £7 and g9. That is, the luminosity ofthe pixels PX
becomes bright. In the pixel electrodes PE (Red) of the ver-
tical direction position gl connected with the signal line S4,
the absolute value of the potential decreases due to the influ-
ence by increasing potential of the adjacent signal line S4
from “negative” potential to “0” volt and the influence by the
potential of the adjacent signal line S5 at the timing for
displaying the vertical direction position g5, g7 and g9.
[0136] Practically, if the potential of the negative gray gra-
dation image signal supplied to the signal line S4 and the pixel
electrode PE (Red) located in the vertical direction position
g1 from the outside is presumed as —Va (intermediate poten-
tial between the black potential and the white potential), since
there is no potential change of the signal lines S4 and S5
sandwiching the pixel electrodes PE in the periods g1-g3, the
pixel electrodes PE hold potential —Va. The pixel potential
changes under the influence by the signal lines S4 and S5 at
the period g4-g9 in the window display period. Here, influ-
ence which the pixel electrodes PE receive when the signal
line S4 with the negative voltage output changes from the
gray gradation potential —Va to the black potential is referred
to “+17, and influence which the pixel electrodes PE receive
when the signal line S4 changes from the black potential to
the gray gradation potential —Va is referred to “~17. Further-
more, influence which the pixel electrodes PE receive when
the signal line S5 with the positive voltage output changes
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from the gray gradation potential =Va to the black potential is
referred to “~17, the influence which the pixel electrodes PE
receive when the signal line S5 changes from the black poten-
tial to the high gradation potential is referred to “+2”, the
influence which the pixel electrodes PE receive when the
signalline S5 changes from the high gradation potential to the
black potential is referred to “~2”, and the influence which the
pixel electrodes PE receive when the signal line S5 changes
from the black potential to the gray gradation potential -Vais
referred to “+1”. The potential in the period during g1-g3 is
the gray gradation potential —Va.

[0137] First, in the period g4, the potential of the signal line
S4 does not change. However, since the signal line S5 changes
from Va to the black potential, the holding potential of the
pixel electrode PE in the period g4 is set to “~Va-1". Next,
since the signal line S4 changes by (+1) from - Va to the black
potential in the period g5, and the signal line S5 changes by
(+2) from the black potential to the high gradation potential,
the change amount which the pixel PX receives from the
signal lines S4 and S5 in this period becomes “+3”. Accord-
ingly, the potential changes by “+3” from the holding poten-
tial “~Va-171n the last period g4, and the holding potential of
the pixel electrode PE in the period g5 is set to “~Va+2.” Next,
the signal line S4 changes by (1) from the black potential to
-Vain the period g6, and the signal line S5 changes (-2) from
the high gradation potential to the black potential. Accord-
ingly, since the change amount which the pixel electrode PE
receives from the signal lines S4 and S5 in this period
becomes “-3”, the holding potential “~Va+2” in the last
period g5 changes by “~3” and the holding potential of the
pixel electrode PE in the period g6 becomes “-Va-1."

[0138] Next, since the signal line S4 changes by (+1) from
-Va to the black potential, and the signal line S5 changes (+2)
from the black potential to the high gradation potential in the
period g7, the change amount which the pixel electrodes
receive from the signal lines S4 and S5 becomes “+3”.
Accordingly, the holding potential “~Va-1"in the last period
26 changes “+3”, and the holding potential of the pixel elec-
trodes PE in the period g7 is set to “~Va+2.” Next, since the
signal line S4 changes by (-1) from the black potential to -Va
in the period g8 and the signal line S5 changes by (-2) from
the high gradation potential to the black potential, the change
amount which the pixel electrodes receive from the signal
lines S4 and S5 in this period becomes “-3”. Furthermore, the
holding potential “~Va+2” in the last period g7 changes by
“~3”, and the holding potential of the pixel electrodes PE in
the period g8 becomes “-Va-1".

[0139] Next, since the signal line S4 changes by (+1) from
-Va to the black potential and the line S5 changes (+2) from
the black potential to the high gradation potential in the period
29, the change amount which the pixel electrodes PE receive
from the signal lines S4 and S5 becomes “+3”. Accordingly,
theholding potential “~Va—-1"in the last period g8 changes by
“+3” and the holding potential of the pixel electrodes PE in
the period g9 is set to “~Va+2.” Finally, since the signal line
S4 changes by (~1) from the black potential to —-Va, and the
signal line S5 changes by (1) from the high gradation poten-
tial to the gray gradation potential Va in the period g10, the
change amount which the pixel electrodes PE receive from
the signal lines S4 and S5 in this period becomes “-2”.
Furthermore, the holding potential “~Va+2” in the last period
29 changes by “-2”, and the holding potential of the pixel
electrode PE in the period g10 returns to “~Va.” which is the
potential before displaying the window.
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[0140] As mentioned above, if the holding potential of the
pixel electrodes PE in the window display period is summa-
rized, the holding potential become gd=“-Va-17, g5=“~Va+
27, g6="-Va-17, g7="-Va+2”, g8="-Va-17, and g9="-Va+
2”. The average holding potential of the above-mentioned
pixel electrodes PE in the window display period g4-g9
becomes “~Va+1/2”, and rises with respect to the supplied
negative image signal potential-Va. That is, the absolute
value of the pixel potential decreases, and the liquid crystal
impressing voltage also decreases. The luminosity of this
pixel PX becomes dark.

[0141] Inthepixelelectrode PE (Green) connected with the
signal line S5 in the vertical direction position g1, the pixel
potential repeats to increase and decrease by the same prin-
ciple as above-mentioned analysis due to potential change of
the signal line S5 and the adjacent signal line S6 in the vertical
direction positions gd-g10. However, since under the condi-
tion of Cpl=Cp2, the average value of the increase and
decrease in this period becomes equal to the image signal
potential supplied from the outside, the average holding
potential of the pixel electrode PE by the signal lines S5 and
S6 does not change. That is, there is no change of luminosity
in this pixel PX.

[0142] Tt is possible to obtain the average luminosity of
each pixel PX applying the same analysis to the signal lines
57,88, .. ..

[0143] Next, the pixels PX of the vertical direction position
22 are explained. In the pixel electrodes PE (Blue) of the
vertical direction position g2 connected with the signal line
S4, the absolute value of the potential becomes small when
displaying the vertical direction positions g5, g7 and g9 under
the influence by potential change from negative potential to
“0” by the signal line S4. That is, the luminosity of this pixel
PX becomes dark. In the pixel electrodes PE (Red) in the
vertical direction position g2 connected with the signal line
S5, the potential of the signal line S5 changes from positive
potential to “0” volt at the timing of supplying the black
potential in the vertical positions g4, g6 and g8, and also
changes from “0” volt to positive high gradation potential at
the timing of displaying high gradation in the vertical posi-
tions g5, g7 and g9. The potential of the adjacent signal line
S4 increases from negative potential to “0” volt in the vertical
positions g5, g7 and g9. Accordingly, the average holding
potential of the pixel electrodes PE in the window displaying
period gd-g9 more increases than the supplied positive gray
gradation voltage under the influence of the potential change
of the signal line S5 and the adjacent signal line S4. That is,
the luminosity of this pixel PX becomes bright.

[0144] In the pixel electrodes PE (Green) connected with
the signal line S6 in the vertical direction position g2, the
pixel potential repeats to increase and decrease by the same
principle as above-mentioned analysis due to potential
change of the signal lines S5 and S6 in the vertical direction
positions gd4-g10. However, since under the condition of
Cp1=Cp2, the average value of the change ofthe pixel poten-
tial in this period becomes equal to the image signal potential
supplied from the outside, the average holding potential of the
pixel electrodes PE does not change. That is, there is no
change of luminosity in the pixels PX by the signal lines S5
and S6.

[0145] It is possible to obtain the average luminosity of
each pixel PX applying the same analysis to the signal lines
57,88, ...
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[0146] Regarding the pixels PX in the vertical direction
position g3, the same argument as the pixels PX in the vertical
direction position g1 can be made.

[0147] Inthe pixel electrodes PE connected with the verti-
cal direction positions g10-g12, the pixel electrodes PE are
affected by the signal line potential change at the time of the
window display, i.e., the timing for writing to the line gd ina
following frame in which full screen polarities are inverted
from the polarities shown in FIG. 17A. Therefore, potential
change direction of the signal lines also becomes opposite to
the potential change direction of the signal lines at the time of
potential change of the pixel electrodes PE connected with the
above-mentioned lines g1-g3 because the polarity is reversed.
That is, the potential change direction of the pixel electrodes
PE affected by the signal line potential change also turns into
opposite to the potential change direction of the pixel elec-
trodes connected with the lines g1-g3.

[0148] FIG. 181safigure showing the display state in a case
of displaying a green window in the pseudo-dot inversion
driving system according to this embodiment.

[0149] As shown in FIG. 18, display change occurs in the
pixels sandwiching the window (lateral direction positions
s4-59). That is, in the upper portion of the window (vertical
direction positions gl-g3) and in the lower portion of the
window (vertical direction positions g10-gl12), bright and
dark pixels, and pixels without change are mixed. The bright
and dark pixels are exchanged in the odd row lines and even
row lines. Moreover, in the case of CP1=CP2, the average
luminosity of the bright and dark pixels becomes equal to the
luminosity of the gray gradation pixels which are formed
outside the window and the pixels without change. On the
other hand, when human recognizes a picture, the picture is
recognized by the average luminosity of a plurality of pixels,
not by bright and dark of each pixel. In the case of CP1=Cp2,
since average value of the bright and dark in the window
equals to gray gradation luminosity of the pixels other than
the window, and bright and dark pixels are arranged by turns
in the odd and even row lines, the bright and dark are can-
celed, and the generation of the cross talk is not sighted.
[0150] [Pseudo-Dot Inversion Driving System: Color Win-
dow, Cpl=Cp2]

[0151] Next, the pseudo-dot inversion driving system
according to this embodiment is explained in case of display-
ing the color window and Cp1=Cp2.

[0152] Although the relation between the bright pixel and
dark pixels explained in FIG. 18 similarly occurs in a case of
parasitic capacitance Cp1=Cp2, since the average luminosity
of bright and dark is strongly affected by the change of the
signal line or adjacent signal line, difference in the luminosity
may arise between the average luminosity of the bright and
the dark and the gray gradation luminosity in the region which
does not form the window. Accordingly, the difference is
sighted as the cross talk. However, since bright and dark are
exchanged in the odd row lines and even row lines unlike the
column inversion driving system, the degree of the cross talk
is improved.

[0153] FIG. 19 is a figure schematically showing pixel
potential change in the case of displaying the color window in
the column inversion driving system and the pseudo-dot
inversion driving system according to this embodiment,
[0154] FIG. 19 A shows a picture in which a green color
window is displayed on the background of gray gradation.
[0155] FIG. 19C shows a picture at the time of displaying
the green color window on the background of gray gradation
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in the column inversion driving system. In the column inver-
sion driving system, the cross talk is generated so that the
picture turns slightly to green color in the upper portion of the
window, and that the picture turns slightly to purple color in
the lower portion of the color window with regardless of the
relation between Cpl and Cp2.

[0156] FIG. 19B shows the picture at the time of displaying
the green color window on the background of gray gradation
in the pseudo-dot inversion driving system. Bright and dark
portions occur in the pixels in the upper portion and the lower
portion of the window like the column inversion driving sys-
tem. However, in the case of (1) Cp1=Cp2, since the bright
and dark portions are repeated by turns in the odd row lines
and even row lines, the light and dark portions are canceled
and not sighted. That is, it is not sighted that the cross talk
occurs. On the other hand, in the case of (2) Cpl Cp2,
although the bright and dark occur by turns in the odd row
lines and even row lines like the case of Cpl1=Cp2, since
difference in the luminosity is generated between the average
luminosity of the light and dark portions and the background
gray gradation luminosity outside the window. Accordingly,
bright and dark portions are not canceled, and the cross talk
occurs.

[0157] Theanalyzed result about the generation of the cross
talk in the column inversion driving system and the pseudo-
dot inversion driving system explained above is as follows.
[0158] Inorder to improve the vertical cross talk due to the
coupling between the pixel electrode and the signal line,
which is a problem in the column inversion driving system,
adoption of the pseudo-dot inversion driving system is effec-
tive. However, also in the pseudo-dot inversion driving sys-
tem, when the coupling capacitance (Cpl, Cp2) between the
pixel electrode and the signal line is not balanced, the vertical
cross talk occurs.

[0159] According to the above-mentioned analyzed result,
technique to make small the difference between the parasitic
capacitance (Cpl) generated between the left signal line and
the pixel electrode, and the parasitic capacitance (Cp2) gen-
erated between the right signal line (adjacent signal line) and
the pixel electrode is adopted as a measure for reducing the
vertical cross talk in the pseudo-dot inversion driving system.
[0160] Forexample, as shown in FIG. 4B, difference arises
between parasitic capacitances because the parasitic capaci-
tance Cpl' occurs between the right signal line S and the
semiconductor layer. Accordingly, the parasitic capacitance
Cp1 (Cp1=Cplp+Cpl’) on the left signal line S side is made
larger than the parasitic capacitance Cp2 (Cp2=Cp2p) on the
right signal line S' side.

[0161] FIG. 20 is a figure showing a method for reducing
the vertical cross talk in the pseudo-dot inversion driving
system according to this embodiment. As shown in FIG. 20,
the pixel electrode PE is moved to the right signal line side
(shift). Then, the distance between the left signal line S and
the pixel electrode PE is set so that the distance is made longer
than the distance between the right signal line S' and the pixel
electrode PE. As a result, the value of the parasitic capaci-
tance Cplp becomes small when the left signal line S and the
pixel electrode PE are more apart from each other. On the
other hand, when the right signal line S' and the pixel elec-
trode PE more closes each other, the value of the parasitic
capacitance Cp2p becomes large. As a result, the difference
between Cplp+Cpl' and Cp2p can be made small.

[0162] FIG.21A showsthe structure of the pixel of the prior
art. In the structure of the prior art pixel, the distances
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between the left signal line S and the pixel electrode PE, and
between the right signal line S' and the pixel electrode PE are
made equal. Therefore, the parasitic capacitance Cplp
between the left signal line S and the pixel electrode through
an organic insulating film becomes equal to Cp2p in many
cases. On the other hand, parasitic capacitance increases by
the parasitic capacitance Cpl' surrounded with a rectangular
line in which a cross-sectional line B-B crosses, i.e., the
capacitance between the semiconductor layer holding drain
potential of the switching element SW and the left signal line
S.

[0163] Then, as shown in FIG. 21B, the pixel electrode PE
is moved to the right hand. At this time, the relation between
Cplp and Cp2p through the organic insulating film becomes
Cplp<Cp2p. Thereby, the unbalance of the parasitic capaci-
tance between the left signal line side parasitic capacitance
Cp1=Cplp+Cp1' and the right signal line side Cp2=Cp2p is
cancelable. In addition, it is noted that there is limitation in the
shift amount of the pixel electrode PE. That is, the pixel
electrode PE can not be shifted in the adjacent pixel domain
beyond the right signal line S'. This is for preventing the
generation of mixed colors.

[0164] FIG. 22 is a figure showing the structure of the pixel
in the pseudo-dot inversion driving system according to a first
embodiment. In the pixel structure which realizes the pseudo-
dot inversion driving system, the signal lines connected with
the pixel electrodes PE differ every row line as shown in FIG.
12. Therefore, the direction to which the pixel electrode is
shifted is different every row line.

[0165] The pixel electrode PE includes a first pixel elec-
trode PE1 surrounded with first and second gate lines G1 and
G2 and first and second signal lines S1 and S2, and a second
pixel electrode PE2 surrounded with second and third gate
lines G2 and G3 and the first and second signal lines S1 and
S2. The first and second signal lines S1 and S2 extend in a
straight line shape. The first pixel electrode PE1 is arranged so
that the distance between the first pixel electrode PE1 and the
first signal line S1 is longer than the distance between the first
pixel electrode PE1 and the second signal line S2. The second
pixel electrode PE2 is arranged so that the distance between
the second pixel electrode PE2 and the first signal line S1 is
shorter than the distance between the second pixel electrode
PE2 and the second signal line S2.

[0166] FIG. 23 shows a second embodiment. In this
embodiment, the first and second pixel electrodes PE1 and
PE2 are aligned in a straight line shape in the column direc-
tion. Instead, the first and second signal lines are arranged in
a zig-zag shape. In a first row line of the pixels, the first and
second signal lines S1 and S2 are shifted to left hand side. In
the second row line of the pixels, the first and second signal
lines S1 and S2 are shifted to the right hand side. In this
pattern, same effect as the first embodiment is obtained. The
first and second signal lines S1 and S2 extend in the column
direction in a staggered shape crooked on the second gate line
G2. The first pixel electrode PE1 is arranged so that the
shortest distance between the first pixel electrode PE1 and the
first signal line S1 is longer than the distance between the first
pixel electrode PE1 and the second signal line S2. The second
pixel electrode PE2 is arranged so that the distance between
the second pixel electrode PE2 and the first signal line S1 is
shorter than the distance between the second pixel electrode
PE2 and the second signal line S2. The first and second pixel
electrodes PE1 and PE2 are arranged aligned with the column
direction without shifting in the row direction each other.
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[0167] In the above-mentioned plan figure, the pixel elec-
trode PE may intersects only one end of the adjacent signal
line S without extending to adjacent pixel beyond the other
end. Thereby, generation of mixed colors can be prevented.
[0168] Inaddition,inthe above explanation, the signal line
and the gate line include the source electrode and the gate
electrode, respectively.

[0169] In addition, the pixel structure applied to the
embodiments is not limited to the above-mentioned structure,
but can be applied to all the pixel structures which have
parasitic capacitance between the signal line and the pixel
electrode. For example, the embodiment is applicable to the
pixel in VA mode. TN (Twisted Nematic) mode, and homo-
geneous mode. Moreover, the embodiment is not restricted to
vertical alignment (VA) mode, but applicable to the pixel
structure using FFS (Fringe Field Switching) mode, if the
pixel is formed so that the common electrode is arranged on
the pixel electrode.

[0170] While certain embodiments have been described,
these embodiments have been presented by way of embodi-
ment only, and are not intended to limit the scope of the
inventions. In practice, the structural elements can be modi-
fied without departing from the spirit of the invention. Various
embodiments can be made by properly combining the struc-
tural elements disclosed in the embodiments. For embodi-
ment, some structural elements may be omitted from all the
structural elements disclosed in the embodiments. Further-
more, the structural elements in different embodiments may
properly be combined. The accompanying claims and their
equivalents are intended to cover such forms or modifications
as would fall with the scope and spirit of the inventions.

What is claimed is:

1. A liquid crystal display device using a pseudo-dot inver-
sion driving system comprising:

a plurality of pixel circuits arranged in a matrix of row and

column and having a pixel electrode, respectively;

a first gate line and a second gate line extending in the row

direction;

a first signal line and a second signal line extending in the

column direction; and

a switching element connected with the first and second

signal lines;

wherein the pixel electrode is arranged between the first

and second signal lines in a plane seen from a display
face and electrically connected with the first signal line
through the switching element, and

parasitic capacitance formed between the pixel electrode

and the first signal line is smaller than the parasitic
capacitance between the pixel electrode and the second
signal line.

2. The liquid crystal display device using a pseudo-dot
inversion driving system according to claim 1, wherein

the distance between the pixel electrode and the first signal

line is longer than the distance between the pixel elec-
trode and the second signal line.

3. The liquid crystal display device using a pseudo-dot
inversion driving system according to claim 1, wherein the
signal line includes a pair of ends extending in the column
direction, and the pixel electrode crosses only one end of the
second signal line.

4. The liquid crystal display device using a pseudo-dot
inversion driving system according to claim 1; wherein
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the pixel electrode includes a first pixel electrode and a
second pixel electrode arranged adjacent in the column
direction,

a third gate line is arranged adjacent to the second gate line
extending in the row direction,

the first pixel electrode is arranged so as to be surrounded
with the first and second gate lines and first and second
signal lines, and the second pixel electrode is arranged
so as to be surrounded with the second and third gate
lines and the first and second signal lines,

the first pixel electrode is connected with the first signal
line through the switching element, and the second pixel
electrode is connected with the second signal line
through the switching element,

the first and second signal lines extend in a straight line
shape,

the parasitic capacitance between the first pixel electrode
and the first signal line is smaller than the parasitic
capacitance between the first pixel electrode and the
second signal line, and

the parasitic capacitance between the second pixel elec-
trode and the first signal line is larger than the parasitic
capacitance between the second pixel electrode and the
second signal line.

5. The liquid crystal display device using a pseudo-dot

inversion driving system according to claim 4, wherein

the distance between the first pixel electrode and the first
signal line is longer than the distance between the first
pixel electrode and the second signal line, and

the distance between the second pixel electrode and the
first signal line is shorter than the distance between the
second pixel electrode and the second signal line.

6. The liquid crystal display device using a pseudo-dot

inversion driving system according to claim 1; wherein

the pixel electrode includes a first pixel electrode and a
second pixel electrode arranged adjacent in the column
direction,

athird gate line is arranged adjacent to the second gate line
extending in the row direction,

the first pixel electrode is arranged so as to be surrounded
with the first and second gate lines and first and second
signal lines, and the second pixel electrode is arranged
so as to be surrounded with the second and third gate
lines and the first and second signal lines,

the first pixel electrode is connected with the first signal
line through the switching element, and the second pixel
electrode is connected with the second signal line
through the switching element,

the first and second signal lines extend in a staggered shape
crooked on the second gate line,

the parasitic capacitance between the first pixel electrode
and the first signal line is smaller than the parasitic
capacitance between the first pixel electrode and the
second signal line, and

the parasitic capacitance between the second pixel elec-
trode and the first signal line is larger than the parasitic
capacitance between the second pixel electrode and the
second signal line.

7. The liquid crystal display device using a pseudo-dot

inversion driving system according to claim 6, wherein

the distance between the first pixel electrode and the first
signal line is longer than the distance between the first
pixel electrode and the second signal line, and
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the distance between the second pixel electrode and the
first signal line is shorter than the distance between the
second pixel electrode and the second signal line.
8. A liquid crystal display device using a pseudo-dot invet-
sion driving system comprising:
an array substrate, including;
an insulating substrate,
a plurality of pixels arranged in a matrix of row and
column, each pixel including a pixel electrode,
a first gate line and a second gate line extending in the
row direction; and
a first signal line and a second signal line extending in
the column direction,
a switching element connected with the first and second
signal lines,
asemiconductor layer formed on the insulating substrate
under the first signal line through an insulating film
and connected with the switching element, and
a counter substrate facing the array substrate; and
aliquid crystal layer held between the array substrate and
the counter substrate; wherein
the pixel electrode is formed on the insulating substrate
through an insulating film and arranged in a region sur-
rounded with the first and second gate lines and the first
and second signal lines,
the pixel electrode is electrically connected with the first
signal line through the switching element,
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first parasitic capacitance is formed between the pixel elec-
trode and the first signal line, second parasitic capaci-
tance is formed between the first signal line and the
semiconductor layer, and third parasitic capacitance is
formed between the pixel electrode and the second sig-
nal line, and

the distance between the first signal line and the pixel
electrode is set to be longer than the distance between the
pixel electrode and the second signal line so that the sum
of the first parasitic capacitance and the second parasitic
capacitance is substantially the same as the third para-
sitic capacitance.

9. The liquid crystal display device using a pseudo-dot
inversion driving system according to claim 8, wherein the
semiconductor layer is a drain region of the switching ele-
ment.

10. The liquid crystal display device using a pseudo-dot
inversion driving system according to claim 8, wherein an
insulating film is interposed between the signal lines and the
semiconductor layer.

11. The liquid crystal display device using a pseudo-dot
inversion driving system according to claim 8, wherein the
first and second pixel electrodes are formed substantially in a
rectangular shape.
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