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7) ABSTRACT

Provided is a technique for decreasing the deterioration of
the display quality, while reducing electric power consump-
tion. An active matrix substrate includes a plurality of gate
lines Gn, Gn+1, a plurality of source lines S, a plurality of
pixels PIX that are provided with pixel electrodes 11,
respectively, and pixel switching elements 12 each of which
is connected with the pixel electrode 11, the gate line, and
the source line. The pixel electrode 11 has a connection
portion 115 to which the pixel switching element 12 is
connected. The connection portion 115 extends to an adja-
cent one of the pixels that is adjacent to the pixel where the
pixel electrode 11 is provided, in a gate line extending
direction. A data signal supplied by a source line has a
polarity that is opposite to a polarity of a data signal supplied
by an source line adjacent to the source line, and that is
inverted every vertical period.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display device.

BACKGROUND ART

[0002] Conventionally, a technique for driving a liquid
crystal display device with use of alternate current signals in
order to decrease the deterioration of liquid crystal in a
liquid crystal display device has been known. As a method
for driving a liquid crystal display device with use of
alternate current signals, for example, the following methods
have been proposed: frame inversion driving in which the
polarity of a pixel voltage with respect to the potential of a
common electrode as a reference is inverted between a
positive polarity and a negative polarity at every frame; line
inversion driving in which the polarity of a pixel voltage is
inverted at every horizontal scanning line; and dot inversion
driving in which the polarity of a pixel voltage is inverted at
every dot (see, for example, JP-A-2004-287087 and JP-A-
2008-164952).

SUMMARY OF THE INVENTION

[0003] In the case of frame inversion driving, where
flicker tends to occur, or line inversion driving, where lines
such as those in a horizontal strip pattern tend to occur, it is
likely that the deterioration of the display quality would
occur. On the other hand, it is unlikely that dot inversion
driving would result in such deterioration of the display
quality. Dot inversion driving can be achieved by inverting
the polarity of a data signal voltage supplied to the source
line every horizontal scanning period, but this increases
electric power consumption for inverting the polarity of the
data signal voltage.

[0004] It is an object of the present invention to provide a
technique for decreasing the deterioration of the display
quality, while reducing electric power consumption.

[0005] A liquid crystal display device according to the
present invention is a liquid crystal display device that
includes: an active matrix substrate; a counter substrate that
is arranged so as to be opposed to the active matrix substrate;
a liquid crystal layer interposed between the active matrix
substrate and the counter substrate; and a circuit that sup-
plies data signals to the active matrix substrate. The active
matrix substrate includes: a plurality of gate lines; a plurality
of source lines that intersect with the gate lines, and supply
the data signals; a plurality of pixels that are provided with
pixel electrodes, respectively; and pixel switching elements
each of which is connected, in each of the pixels, with the
pixel electrode of the said pixel, one of the gate lines, and
one of the source lines, wherein the pixel electrode has a
connection portion that is connected with the pixel switching
element, the connection portion of the pixel electrode
extends to an adjacent one of the pixels that is adjacent in a
gate line extending direction to the pixel where the said pixel
electrode is provided, and the data signal supplied by a
source line has a polarity that is opposite to a polarity of a
data signal supplied by a source line adjacent to the source
line, and that is inverted every vertical scanning period.
[0006] With the configuration of the present invention, the
deterioration of the display quality can be decreased, while
electric power consumption can be reduced.
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BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1is a schematic diagram showing a schematic
configuration of a liquid crystal display device according to
Embodiment 1.

[0008] FIG. 2 is a schematic diagram showing a schematic
configuration of an active matrix substrate shown in FIG. 1.
[0009] FIG. 3 is an equivalent circuit diagram of a pixel
shown in FIG. 2.

[0010] FIG. 4 is a schematic diagram showing a schematic
configuration of the pixels in Embodiment 1.

[0011] FIG. 5 is a schematic diagram showing a pixel
electrode provided in some of the pixels shown in FIG. 4.
[0012] FIG. 6 shows exemplary polarities of data signal
voltages supplied to source lines, and exemplary polarities
of pixel voltages in a certain frame.

[0013] FIG. 7 is a schematic diagram showing a schematic
configuration of pixels in Embodiment 2.

[0014] FIG. 8 is a timing chart showing timings for writing
data in the pixel in Embodiment 2.

[0015] FIG. 9 is a schematic diagram showing an exem-
plary arrangement of common electrodes formed on an
active matrix substrate in Modification Example 1 of
Embodiment 2.

[0016] FIG. 10 is a schematic diagram showing a sche-
matic configuration of an active matrix substrate on which
signal lines shown in FIG. 9 are provided.

[0017] FIG. 11 is a schematic diagram showing an exem-
plary configuration of pixels in Embodiment 3.

[0018] FIG. 12 is a schematic diagram showing an exem-
plary schematic arrangement of gate drivers on an active
matrix substrate in Embodiment 4.

[0019] FIG. 13 is an exemplary equivalent circuit diagram
of the gate driver shown in FIG. 12.

[0020] FIG. 14 is a timing chart showing timings when the
gate driver shown in FIG. 13 drives a gate line.

[0021] FIG. 15 is a schematic diagram showing an exem-
plary arrangement of circuit elements of the gate drivers
shown in FIG. 12.

[0022] FIG. 16 is a schematic diagram showing an exem-
plary configuration of pixels where circuit elements of the
gate driver and the control line shown in FIG. 12 are
provided.

[0023] FIG. 17 is a schematic diagram showing an exem-
plary configuration of pixels in a modification example of
Embodiment 4.

MODE FOR CARRYING OUT THE INVENTION

[0024] A liquid crystal display device according to one
embodiment of the present invention is a liquid crystal
display device that includes: an active matrix substrate; a
counter substrate that is arranged so as to be opposed to the
active matrix substrate; a liquid crystal layer interposed
between the active matrix substrate and the counter sub-
strate; and a circuit that supplies data signals to the active
matrix substrate. The active matrix substrate includes: a
plurality of gate lines; a plurality of source lines that
intersect with the gate lines, and supply the data signals; a
plurality of pixels that are provided with pixel electrodes,
respectively; and pixel switching elements each of which is
connected, in each of the pixels, with the pixel electrode of
the said pixel, one of the gate lines, and one of the source
lines, wherein the pixel electrode has a connection portion
that is connected with the pixel switching element, the
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connection portion of the pixel electrode extends to an
adjacent one of the pixels that is adjacent in a gate line
extending direction to the pixel where the said pixel elec-
trode is provided, and the data signal supplied by a source
line has a polarity that is opposite to a polarity of a data
signal supplied by a source line adjacent to the source line,
and that is inverted every vertical scanning period (the first
configuration).

[0025] The first configuration makes it easier to connect
the pixel electrodes via the pixel switching elements to the
source lines according to the polarities of the pixel voltages
of the pixel electrode so that the polarities of adjacent ones
of the pixel electrodes are opposite to each other, as com-
pared with a case where the connection portion of the pixel
electrode does not extend in the gate line extending direction
to the adjacent pixel. Therefore, dot inversion driving is
realized while electric power consumption is reduced,
whereby the deterioration of the display quality can be
decreased.

[0026] The first configuration may be further character-
ized in that directions in which the connection portions of
adjacent ones of the pixel electrodes that are adjacent in a
source line extending direction extend are opposite to each
other, and the connection portion of each pixel electrode is
connected with the source line closest to the connection
portion, among the source lines (the second configuration).
[0027] Inthe second configuration, “the source line closest
to the connection portion, to which the connection portion of
the pixel electrode is connected” encompasses a source line
at the shortest distance from the connection portion, and a
source line arranged so as to overlap with the connection
portion. According to this configuration, the connection
portions of the pixel electrodes adjacent in the source line
extending direction extend in directions opposite to each
other, respectively. Further, the connection portion of the
pixel electrode is arranged so as to reach the pixel that is
adjacent thereto in a gate line extending direction. This
makes it easier to connect each pixel electrode with the
source line to which a data signal is supplied, the data signal
having a polarity different from that of other pixel electrodes
adjacent on the upper, lower, left, and right sides to the
concerned pixel electrode.

[0028] The first or second configuration may be further
characterized in that the pixel electrodes of the pixels are
arranged in matrix, the source lines are aligned at intervals
of two adjacent columns of the pixels in the gate line
extending direction; the gate lines are arranged in such a
manner that two of the gate lines correspond to the pixel
electrodes arranged in one same row, and adjacent ones of
the pixel electrodes in the one same row that are adjacent
with one of the source lines being interposed therebetween
are connected to one same gate line of the said two gate
lines; and one of the two adjacent ones of the pixel elec-
trodes between which one of the source lines is interposed
1s connected with the said one of the source lines, and the
other one of the adjacent ones of the pixel electrodes is
connected with another one of the source lines that is
adjacent to the said one of the source lines (the third
configuration).

[0029] According to the third configuration, the gate lines
are provided in such a manner that two gate lines are
provided with respect to one row of pixel electrodes, which
makes it required to drive the gate line at a double speed as
compared with a case where the gate lines are provided in
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such a manner that one gate line is provided with respect to
one row of pixel electrodes. However, it is possible to write
data to two columns of pixels with one source line, which
makes it possible to reduce the number of source lines.
Further, the connection portion of the pixel electrode is
arranged so as to reach the pixel that is adjacent thereto in
the gate line extending direction. This therefore makes it
easier to connect the pixel electrode with the source line
corresponding to the polarity of the pixel voltage of the pixel
electrode, even in a case where the source lines are arranged
at intervals of two columns of the pixels. This makes it
possible to realize dot inversion driving with low electric
power consumption.

[0030] The third configuration may be further character-
ized by further including: a common electrode arranged so
as to be opposed to the pixel electrodes of the pixels; and a
signal line connected with the common electrode, wherein
the signal line is arranged in a space between two columns
of the pixels, no source line being arranged in the space (the
fourth configuration).

[0031] The fourth configuration allows dot inversion driv-
ing to be performed with low electric power consumption,
and makes it easier to arrange, within the pixels, the signal
line connected with the common electrode. Besides, by
arranging the signal line, the resistance of the common
electrode can be reduced.

[0032] The first configuration may be further character-
ized by further including: driving circuits that are provided
with respect to the gate lines, respectively, each driving
circuit switching a corresponding one of the gate lines into
a selected state or a non-selected state; and a plurality of
control lines that are connected with the driving circuits,
respectively, and supply a control signal, wherein the driving
circuit includes a driving circuit element including a plural-
ity of switching elements; the driving circuit element is
arranged in a plurality of the pixels that are adjacent in a gate
line extending direction; one of the source lines connected
with the pixel electrode of one of the pixels where the
driving circuit element is provided is bent; and the control
line connected to the driving circuit element is arranged in
a space between the pixels where the driving circuit element
is arranged (the fifth configuration).

[0033] The fifth configuration allows dot inversion driving
to be realized with low electric power consumption, and
makes it easier to arrange the driving circuit elements and
the control lines within the pixels, as compared with a case
where all of the source lines are straight.

[0034] The fifth configuration may be further character-
ized in that the switching elements as the driving circuit
elements contain an oxide semiconductor containing indium
(In), gallium (Ga), zinc (Zn), and oxygen (Q) as a semicon-
ductor material (the sixth configuration).

[0035] With the sixth configuration, the pixels in which
the driving circuit elements are arranged are allowed to have
a greater aperture ratio, as compared with a case where
amorphous silicon (a-Si), low temperature poly-silicon
(LTPS), or the like is used as a semiconductor material for
forming the switching elements as the driving circuit ele-
ments.

[0036] Any one of the first to sixth configurations may be
further characterized in that the pixel switching elements
contain an oxide semiconductor containing indium (In),
gallium (Ga), zinc (Zn), and oxygen (O) as a semiconductor
material (the seventh configuration).
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[0037] With the seventh configuration, the pixels are
allowed to have image definition enhancement, as compared
with a case where amorphous silicon (a-Si), low temperature
poly-silicon (LTPS), or the like is used as a semiconductor
material for forming the pixel switching elements.

[0038] Any one of the first to seventh configurations may
be further characterized in that drains of the pixel switching
elements are arranged on the same side with respect to the
source lines to which the pixel switching elements are
connected (the eighth configuration).

[0039] With the eighth configuration, the capacitances
between the pixel electrodes and the gate lines vary equally,
even in a case where the gate layer and the source layer are
displaced from each other in the gate line extending direc-
tion. Therefore, the pull-in voltages of the pixels when the
pixel switching elements are turned OFF are also equal,
which makes it unlikely that display defects would occur.
[0040] The following description describes embodiments
of the present invention in detail, while referring to the
drawings. Identical or equivalent parts in the drawings are
denoted by the same reference numerals, and the descrip-
tions of the same are not repeated.

Embodiment 1

[0041] FIG. 1 schematically shows a schematic configu-
ration of a liquid crystal display device according to the
present embodiment. The liquid crystal display device 1
includes a display panel 2. The display panel 2 includes an
active matrix substrate 10, a counter substrate 20, a liquid
crystal layer (not shown) interposed between these sub-
strates, and a pair of polarizing plates between which the
active matrix substrate 10 and the counter substrate 20 are
interposed. Further, the liquid crystal display device 1
includes a source driver 30, a gate driver 40, a display
control circuit 50, and a power source 60.

[0042] As shown in FIG. 1, the active matrix substrate 10
is electrically connected with the source driver 30 and the
gate driver 40. Further, the display control circuit 50 is
electrically connected with the display panel 2, the source
driver 30, and the power source 60. The display control
circuit 50 outputs control signals to the source driver 30 and
the gate driver 40. The power source 60 is electrically
connected with the display panel 2, the source driver 30, and
the display control circuit 50, so as to supply a power source
voltage signal to each.

[0043] Further, the counter substrate 205 is provided with
a common electrode, a black matrix (BM), and color filters
of three colors, which are red (R), green (G), and blue (B)
(all are not shown).

[0044] FIG. 2 schematically shows a schematic configu-
ration of the active matrix substrate 10. On the active matrix
substrate 10, M gate lines G(1) to G(M) (M: a natural
number) are formed approximately in parallel at uniform
intervals from one end to the other end in the X-axis
direction. In the following description, the gate lines are
generally referred to as “gate lines G when the gate lines
are not distinguished individually. Further, on the active
matrix substrate 10, a plurality of source lines S are formed
so as to intersect with each gate line G.

[0045] FIG. 3 is an equivalent circuit diagram of a pixel
formed on the active matrix substrate 10. As shown in FIG.
3, one pixel electrode 11 is arranged in each pixel PIX. The
pixel electrode 11 is connected with the gate line G and the
source line S via the thin film transistor (TFT) 12 (this TFT
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is hereinafter referred to as a pixel TFT). Each pixel PIX
corresponds to any one of the colors of the color filters on
the counter substrate 20.

[0046] When the pixel TFT 12 is turned ON, a data signal
voltage supplied from the source driver 30 (see FIG. 1) to the
source line S is input to the pixel electrode 11 through the
pixel TFT 12. To the common electrode (not shown), a
predetermined voltage is applied by the display control
circuit 50 (see FIG. 1). The potential of the pixel PIX is
controlled, depending on a potential of the source line S, a
capacitance Cgd between the pixel electrode 11 and the gate
line G, and a capacitance Ccom between the pixel electrode
11 and the common electrode (not shown), according to the
variation of the potential of the gate line G.

[0047] A voltage applied to the pixel electrode 11 is
referred to as a pixel voltage. The pixel voltage is a potential
of the pixel electrode 11 with respect to the potential of the
common electrode. The polarity of the pixel voltage in a case
where the potential of the pixel electrode 11 is higher than
the potential of the common electrode is assumed to be
“positive”, and the polarity of the pixel voltage in a case
where the potential of the pixel electrode 11 is lower than the
potential of the common electrode is assumed to be “nega-
tive”.

[0048] In the present embodiment, dot inversion driving is
performed in which the polarity of the pixel voltage of each
pixel is opposite to the polarity of the pixel voltages of the
pixels adjacent on the upper, lower, right, and left sides to
the foregoing pixel. The following description describes a
specific configuration for realizing dot inversion driving.
[0049] FIG. 4 schematically shows a schematic configu-
ration of pixels in the present embodiment. As shown in FIG.
4, one pixel electrode 11 is arranged in each pixel PIX
indicated by a broken line frame. Each pixel PIX has a
light-shielding area Pb covered with black matrix (not
shown) provided on the counter substrate 20, and a non-
light-shielding area Pa (also referred to as an opening) that
is not covered with the black matrix. The pixel electrode 11
is connected with the drain 12d of the pixel TFT 12 via a
contact. Regarding the pixel TFT 12, the source thereof is
connected to the source line S, and the gate thereof is
connected to the gate line G.

[0050] Here, the shape of the pixel electrode 11 is
described specifically. FIG. 5§ schematically shows a pixel
electrode 11 provided in some of the pixels PIX shown in
FIG. 4. As shown in FIG. 5, the pixel electrode 11 is
composed of a capacitor forming portion 11a and a connec-
tion portion 115. The capacitor forming portion 1la is
provided in the non-light-shielding area Pa, and forms a
capacitor Ccom with the common electrode. The connection
portion 115 is a portion that is provided in the light-shielding
area Pb and is connected with the drain 124 of the pixel TFT
12 (see FIG. 4) via a contact. Further, the connection portion
116 extends in the X-axis direction with respect to the
capacitor forming portion 11q; in other words, it extends so
as to reach the light-shielding area Pb of the pixel PIX that
is adjacent thereto in the gate line G extending direction.
Incidentally, the boundary between the pixels PIX that are
adjacent in the gate line G extending direction is located at
aposition that approximately divides the light-shielding area
Pb between the adjacent pixel electrodes 11 into half.
[0051] According to this example, as shown in F1G. 4, the
connection portions 115 of the pixel electrodes 11 adjacent
in the source line S extending direction (the Y-axis direction)
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extend in directions opposite to each other, respectively. In
other words, in FIG. 4, the connection portions 1156 of the
pixel electrodes 11 (111A to 114A) in the upper row extend
in the X-axis positive direction, while the connection por-
tions 115 of the pixel electrodes 11 (111B to 114B) in the
lower row extend in the X-axis negative direction.

[0052] The pixel electrodes 11 (111A to 114A) in the upper
row are connected with the source lines S arranged on the
right side to the pixel electrodes 11 via the pixel TFTs 12,
and the electrodes 11 (111B to 1115) in the lower row are
connected with the source lines S arranged on the left side
to the pixel electrodes 11 via the pixel TFTs 12. In other
words, each of the pixel electrodes 11 adjacent in the source
line S extending direction (the Y-axis direction) is connected
with the source line S arranged on a side in the connection
portion 115 extending direction with respect to this pixel
electrode 11, of the two source lines S adjacent to this pixel
electrode 11.

[0053] Further, in this example, the drains 124 of the pixel
TFTs 12 connected to the pixel electrodes 11 in the upper
row and the lower low are arranged on the same side with
respect to the source lines S.

[0054] In the example shown in FIG. 4, the data signal
voltage supplied to each source line S has a polarity opposite
to that of the source line S adjacent thereto, and the polarity
of the data signal voltage is inverted every vertical scanning
period. FIG. 6 shows an exemplary polarities of data signal
voltages supplied to source lines S, and exemplary polarities
of pixel voltages at the respective pixels PIX in a certain
frame. In FIG. 6, “(+)” indicates that a positive voltage with
reference to the voltage of the common electrode is applied,
and “(-)” indicates that a negative voltage with reference to
the voltage of the common electrode is applied.

[0055] As shown in FIG. 6, data signal voltages having a
negative polarity are supplied to the source lines Sa, Sc, and
Se, and data signal voltages having a positive polarity are
supplied to the source lines Sb and Sd. This causes the pixel
voltages at the pixel electrodes 111B, 112A, 113B, and 114A
connected with the source lines Sa. Sc, and Se to have a
negative polarity (=), and causes the pixel voltages at the
pixel electrodes 111A, 112B, 113A, and 114B connected
with the source lines Sb and Sd to have a positive polarity
(+).

[0056] Forming the pixel electrode 11 in such a shape
makes it possible to connect each pixel electrode 11 with the
source line S corresponding to the polarity of the pixel
voltage of the pixel PIX where this pixel electrode 11 is
provided, thereby causing the pixel voltage of this pixel PIX
to be controlled so as to have a polarity opposite to the pixel
voltages of other pixels PIX adjacent thereto on the upper,
lower, right, and left sides. Dot inversion driving therefore
can be achieved by inverting the polarity of a data signal
voltage supplied to the source line S every vertical scanning
period, which makes it possible to prevent the deterioration
of the display quality.

[0057] Further, in this example, the pixel TFTs 12 are
connected in the same direction to the source lines S.
Therefore, even if layer displacement occurs between a gate
layer and a source layer, the areas of the parts where the
pixel TFTs 12 are connected with the gate lines G and the
source lines S are equal. Therefore, even if the gate layer and
the source layer are displaced from each other, the capaci-
tances of the pixel electrodes 11 connected to the pixel TFTs
12 and the gate lines G are approximately equal. This makes
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it unlikely that the pull-in voltages of the pixels when the
pixel TFTs 12 are turned OFF would vary, thereby making
it unlikely that display defects such as vertical stripe would
occur.

Embodiment 2

[0058] Embodiment 1 described above is described with
reference to an example in which data are written in pixels
in one column with use of one source line S, but the present
embodiment is described with reference to an example in
which data are written in pixels in two columns with use of
one source line S.

[0059] FIG. 7 schematically shows a schematic configu-
ration of pixels in the present embodiment. In FIG. 7,
members identical to those in Embodiment 1 are denoted by
the same reference symbols in Embodiment 1.

[0060] As shown in FIG. 7, the source lines S (Sa to Sd)
are provided in such a manner that one source line S is
provided per two columns of pixels in the present embodi-
ment. In FIG. 7, pixel electrodes 120 (121a to 1214, 121a to
121d) are arranged in the upper row, and pixel electrodes
120 (123a to 1234, 124a to 124d) are arranged in the lower
row. In the upper row, the pixel electrodes 121a to 121d are
connected to the gate line G1_p, and the pixel electrodes
122a to 122d are connected to the gate line G2_n. In the
lower row, the pixel electrodes 123a to 1234 are connected
to the gate line G1_n+1, and the pixel electrodes 124a to
1244 are connected to the gate line G2_r+1. In other words,
in the present example, as two gate lines G are provided with
respect to one row of pixels, twice the number of the gate
lines G are required, as compared with Embodiment 1.
[0061] In the following description, the gate lines G1_z,
Gl1_n+1, G2_n, and G2_nr+1 are generally referred to as
“gate lines G” when they are not distinguished individually.
The pixel electrodes 121a to 121d, 121a to 121d, 123a to
123d, and 124a to 124D are generally referred to as “pixel
electrodes 120” when they are not distinguished individu-
ally.

[0062] As is the case with Embodiment 1, in the pixel
electrode 120, the connection portion 1205 connected with
the drain 12d of the pixel TFT 12 extends so as to reach the
light-shielding area Pb of the pixel that is adjacent thereto in
the gate line G extending direction.

[0063] As shown in FIG. 7, the connection portions 1205
of the pixel electrodes 120 connected with the same gate line
G, of the pixel electrodes 120 provided in the same row,
extend in the same direction, which is opposite to the
direction in which the connection portions 1205 of the other
pixel electrodes 110 are connected with another gate line G.
Besides, the connection portions 1205 of the pixel electrodes
120 adjacent in the Y-axis direction extend in directions
opposite to each other.

[0064] Further, two adjacent ones of the pixel electrodes
120 connected with the same gate line G are connected with
different ones of the source lines S, respectively, the source
lines S being close to the connection portions 1105 of the
pixel electrodes 120, respectively. Incidentally, “the source
line S close to the connection portion 1105” encompasses a
source line S at the shortest distance from the connection
portion 1105, and a source line S arranged so as to overlap
with the connection portion 1105. In this example, for
example, of the pixel electrodes 121a and 1215, the pixel
electrode 121q is connected via the pixel TFT 12 with the
source line Sa, which is close to the connection portion 1205
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of the pixel electrode 121a. On the other hand, the pixel
electrode 1215 is connected via the pixel TFT 12 with the
source line Sh, which is close to the connection portion 1205
of the pixel electrode 1215. Besides, for example, of the
pixel electrodes 122a and 1225, the pixel electrode 122a is
connected via the pixel TFT 12 with the source line Sa,
which is close to the connection portion 1205 of the pixel
electrode 122a. On the other hand, the pixel electrode 1225
is connected via the pixel TFT 12 with the source line Sh,
which is close to the connection portion 1205 of the pixel
electrode 1225.

[0065] Besides, the pixel TFTs 12 connected with the
same gate line G are connected with the source lines S in the
same direction, which is opposite to the direction in which
the pixel TFTs 12 adjacent thereto in the Y-axis direction are
connected with the source lines S.

[0066] In this example, the data signal voltage supplied to
each source line S has a polarity opposite to that of the
source line S adjacent thereto, and the polarity of the data
signal voltage is inverted every vertical scanning period. In
other words, as shown in FI1G. 7, data signal voltages having
a negative polarity (<) are supplied to the source lines Sa and
Sc, and data signal voltages having a positive polarity (+) are
supplied to the source lines Sb and 154.

[0067] This causes the pixel voltages at the pixel elec-
trodes 121a, 122a, 124b, 121c, 123b, 124d, and 122c
connected with the source lines Sa and Sc to have a negative
polarity (<). This also causes the pixel voltages at the pixel
electrodes 1215, 122b, 123a, 124¢, 121d, 122d. and 123¢
connected with the source lines Sb and 154 to have a
positive polarity (+).

[0068] Incidentally, the data writing in this case is per-
formed as follows. FIG. 8 is a timing chart showing timings
for writing data in the pixel.

[0069] As shown in FIG. 8, the gate lines G1_»n, G2_n,
G1_r+1, and G2_pn+1 are driven in this order, during every
horizontal scanning period. To the source lines Sa to Sd,
while each gate line G is being driven, a data signal voltage
(Sv+, Sv-) to be written to the pixel in which the pixel
electrode 120 connected to this gate line G is arranged is
supplied. Incidentally, in FIG. 8, “Sv+” indicates a data
signal voltage having a positive polarity with reference to
the potential of the common electrode, and “Sv-" indicates
a data signal voltage having a negative polarity with refer-
ence to the potential of the common electrode. In this
example, therefore, data are written to the pixels in the
following order: the pixels where the pixel electrodes 121a
to 1214 are provided; the pixels where the pixel electrodes
122a to 122d are provided; the pixels where the pixel
electrodes 123a to 1234 are provided; and the pixels where
the pixel electrodes 124a to 124d are provided.

[0070] Incidentally, in the present example, two gate lines
G are provided with respect to one row of pixels, and data
are written to two columns of pixels with one source line S.
Therefore, the gate lines G and the source lines G are driven
at a double speed. as compared with a case where one gate
line G is provided with respect to one row of the pixels and
data are written to one column of pixels with one source line
S.

[0071] In the present embodiment, it is easier to connect
the pixel electrodes 120 and the source lines S according to
the polarities of the pixel voltages of the pixels where these
pixel electrodes 120 are provided, since the connection
portions 1204 of the pixel electrodes 120 extend to the pixels
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adjacent in the gate line G extending direction. Dot inversion
driving therefore can be achieved by inverting the polarity of
a data signal voltage supplied to the source line S every
vertical scanning period, which makes it possible to prevent
the deterioration of the display quality, while reducing
electric power consumption. Besides, in the present embodi-
ment, it is possible to write data in pixels in two columns
with use of one source line S, thereby making it possible to
reduce the number of the source lines S into half, as
compared with a case where data are written in pixels in one
column with use of one source line S. Therefore, it is
possible to reduce the number of the source drivers for
driving the source lines S.

Modification Example 1

[0072] Thedisplay panel in Embodiment 2 may be applied
in a display panel equipped with a touch panel. The follow-
ing description describes a case where the same is applied in
a display panel equipped with a touch panel.

[0073] A display panel 2 in the present modification
example includes a touch sensor mechanism that has a
fanction of displaying an image, and a touch detecting
function for detecting information of a position (touch
position) at which a user makes input based on the displayed
image. In other words, in this example, the display panel 2
is a so-called full-in-cell type touch-panel-equipped display
device in the inside of which a touch sensor mechanism
(such as electrodes and lines for detecting a touch) are
provided.

[0074] In the display panel 2 according to the present
modification example, liquid crystal molecules included in a
liquid crystal layer (not shown) are driven by the horizontal
electric field driving method. To realize the horizontal
electric field driving method, pixel electrodes and common
electrodes for forming electric fields for driving liquid
crystal are formed on the active matrix substrate 10.
[0075] FIG. 9 schematically shows an exemplary arrange-
ment of common electrodes formed on the active matrix
substrate 10 in the present modification example. Inciden-
tally, in FIG. 9, for convenience sake, the illustration of
elements such as the gate lines G, the source lines S, the
pixel electrodes 120, and the pixel TFTs 12 is omitted, but
these elements are arranged on the active matrix substrate
10, as is the case with Embodiment 2.

[0076] The common electrodes 17 are formed on a surface
on the liquid crystal layer (not shown) side of the active
matrix substrate 10. As shown in FIG. 9, the common
electrode 17 is in a rectangular shape, and a plurality of the
common electrodes 17 are arranged in matrix on the active
matrix substrate 10 so as to be opposed to the pixel elec-
trodes 120 (see FIG. 7 and the like). Further, slits (not
shown) for causing horizontal electric fields to be generated
between the common electrodes 17 and the pixel electrodes
120 (see FIG. 7 and the like) are formed in the common
electrodes 17.

[0077] On the active matrix substrate 10, a controller 201
is provided. The controller 201 performs a controlling
operation for displaying an image, and performs a control-
ling operation for detecting a touch position.

[0078] Besides, on the active matrix substrate 10, a plu-
rality of signal lines 202x extending in the X-axis direction
and a plurality of signal lines 202y extending in the Y-axis
direction are provided so as to overlap with the common
electrodes 17. Of the plurality of the signal lines 202 that
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overlap with the common electrodes 17, one of the signal
lines 202y is connected with the common electrode 17, and
the common electrode 17 is connected with the controller
201 through the signal line 202y connected therewith.
[0079] The common electrode 17 in pair with the pixel
electrode 11 is used during the controlling operation for
displaying an image, and is also used during the controlling
operation for detecting a touch position.

[0080] Regarding the common electrode 17, parasitic
capacitances are formed between the same and adjacent ones
of the common electrodes 17 or the like. When a human
finger, a touch pen, or the like touches the display screen,
capacitors are formed between the common electrodes 17
and the human finger or the like, and thereby electrostatic
capacitances of the common electrodes 17 increase. During
the control for touch position detection, the controller 201
supplies a touch driving signal to the common electrodes 17
through the signal lines 202y, and receives a touch detection
signal through the signal lines 202y. By doing so, the
controller 201 detects changes in the electrostatic capaci-
tances in the common electrodes 17, and detects a touch
position.

[0081] FIG. 10 schematically shows a schematic configu-
ration of an active matrix substrate wherein signal lines
202x, 202y are provided in the pixels. Incidentally, in FIG.
10, members identical to those in Embodiment 2 are denoted
by the same reference symbols in Embodiment 2. The
following description describes configurations different
from those in Embodiment 2.

[0082] As shown in FIG. 10, the signal line 202y approxi-
mately in parallel with the source lines S is provided in the
light-shielding area Pb between the pixel electrodes 1215,
1235 and the pixel electrodes 1224, 1245. Likewise, the
signal lines 202y are provided in the light-shielding area Pb
between the pixel electrodes 1225, 1245 and the pixel
electrodes 121¢ and 123¢, as well as between the pixel
electrodes 121d, 1234 and 122¢ and 124c. Further, the signal
line 202x approximately in parallel with the gate lines G is
provided in the light-shielding area Pb between the gate line
G2_p and the gate line G1_p+1. The signal lines 202x and
202y intersect with each other, and are connected with each
other via a contact at the intersection positions.

[0083] In this example, as one source line S is provided
with respect to pixels in two columns, it is easier to arrange
the signal lines 202y in the light-shielding area Pb between
the source lines S, as compared with a case where one source
line S is provided with respect to pixels in one column.
Besides, as two gate lines G are provided with respect to
pixels in one row, it is easier to arrange the signal lines 202x
in the light-shielding area Pb between the gate lines G, as
compared with a case where one gate line G is provided with
respect to pixels in one row. Besides, by arranging the signal
lines 202x and 202y, the resistance of the common elec-
trodes 17 can be reduced, and the S/N ratio of the touch
sensor mechanism can be improved.

Embodiment 3

[0084] The present embodiment is described with refer-
ence to another exemplary configuration in the case where
the signal lines 202x and 202y in Modification Example 1 of
Embodiment 2 are arranged in the pixels.

[0085] FIG. 11 schematically shows an exemplary con-
figuration of pixels in the present embodiment. In FIG. 11,
members identical to those in Modification Example 1
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described above are denoted by the same reference symbols
in Modification Example 1. The following description
describes configurations different from those in Modifica-
tion Example 1.

[0086] As shown in FIG. 11, in the present embodiment,
the pixel electrodes 131A to 134A are connected to the gate
line Gn, and the pixel electrodes 131B to 134B are con-
nected to the gate line Gn+1. In the following description,
the pixel electrodes 131A to 134A, 131B to 134B are
generally referred to as “pixel electrodes 130 when they are
not distinguished individually. In other words, in this
example, the pixel electrodes 130 arranged in the same row
are connected with the same gate line G, and N gate lines G
(N: a natural number of 1 or more) are arranged in a case
where N pixel electrodes 130 are arranged in the Y-axis
direction.

[0087] Regarding the pixel electrodes 131A to 134A in the
upper row and the pixel electrodes 131B to 134B in the
lower row, the direction in which the connection portions
1305 of the former connected with the pixel TFTs 12 extend,
and the direction in which those of the latter extend, are
opposite to each other.

[0088] The signal line 202y is arranged in the light-
shielding area Pb between the pixel electrodes 1324, 132B
and the pixel electrodes 133A, 133B, and the source lines S
(81 to S5) provided in the vicinity of the pixels for which the
signal line 202y is provided are bent. Among the source lines
S1 to S5, the source lines S1 and S4 are arranged so as to
overlap with the non-light-shielding areas Pa of the pixels
PIX.

[0089] The pixel electrodes 131 A and 132B are connected
via the source line S2 and the pixel TFTs 12, and the pixel
electrodes 132A and 133B are connected via the source line
S3 and the pixel TFTs 12. Further, the pixel electrodes 133A
and 134B are connected via the source line S4 and the pixel
TFTs 12. In other words, in this example, as is the case with
Embodiment 1, the pixel electrodes 130 adjacent in the
Y-axis direction are connected with different ones of the
source lines S, respectively, the source lines S being
arranged on the sides in the directions in which the connec-
tion portions 1305 of the pixel electrodes 130 extend,
respectively. In a case where M pixel electrodes 130 (M: a
natural number of 1 or more) are arranged in the X-axis
direction, M source lines S are arranged.

[0090] 1Inthis example, the data signal voltages supplied to
the source lines S1, S3, S5 and the data signal voltages
supplied to the source lines S2, S4 have polarities opposite
to each other. In other words, for example, in a case where
data signal voltages having a negative polarity (=) are
supplied to the source lines S1, S3, and S5 in a certain frame,
data signal voltages having a positive polarity (+) are
supplied to the source lines S2 and S4. In this case, the pixel
voltages at the pixel electrodes 131A, 132B, 133A, and
134B have a positive polarity (+), and the pixel voltages at
the pixel electrodes 132A, 133B, and 134A have a negative
polarity (-).

[0091] In this way, by arranging some of the source lines
S in the non-light-shielding areas Pa, the signal lines 202y
can be arranged in the light-shielding area Pb between the
pixels. Besides, by bending some of the source lines S and
extending the connection portions 1305 of the pixel elec-
trodes 130 to the light-shielding area Pb of the pixel adjacent
thereto in the X-axis direction, the pixel electrode 130 can
be easily connected with the source line S according to the
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polarity of the pixel electrode 130. Dot inversion driving
therefore can be realized by inverting the polarity of the data
signal voltages supplied to the source lines S every vertical
scanning period, which makes it possible to prevent the
deterioration of the display quality, while reducing electric
power consumption. Further, as all the pixel TFTs 12 are
connected to the source lines S in the same direction, it is
possible to decrease the deterioration of the display quality
such as vertical stripe that would be caused by the displace-
ment between the gate layer and the source layer.

[0092] Incidentally, in this example, all of the source lines
S1 to S5 are bent, but these source lines other than the source
line S3, i.e., the source lines S1, S2, S4, and S5 may be
straight. In other words, at least one source line S connected
with the pixel electrode 130 of the pixel where the signal line
202y is arranged may be bent.

Embodiment 4

[0093] Embodiment 3 described above is described with
reference to an example in which the signal line connected
with the common electrode is arranged in the pixels, but the
element arranged in the pixel is not limited to this. For
example, gate drivers 40 (see FIG. 1) may be arranged
within the pixels.

[0094] FIG. 12 schematically shows an exemplary sche-
matic arrangement of gate drivers on an active matrix
substrate 10 in the present embodiment. In FIG. 12, for
convenience sake, the illustration of the source lines S is
omitted.

[0095] As shown in FIG. 12 as an example, one gate driver
40 is provided with respect to each gate line G, and the gate
driver 40 switches the gate line G corresponding thereto into
a selected state or a non-selected state.

[0096] Each gate driver 40, except for the gate driver 40
for driving the gate line G(1) in the first row, is arranged
between the gate line G corresponding thereto and the gate
line G adjacent to the foregoing gate line G.

[0097] Further, in this example, the gate drivers 40 corre-
sponding to the odd-numbered gate lines G (G(1), G(3),
G(5), . . . ) are connected with one another via control lines
411. The gate drivers 40 corresponding to the even-num-
bered gate lines G (G(2), G(4), G(6), . . . ) are connected with
one another via control lines 411.

[0098] On the active matrix substrate 10, in a frame region
on a side where the source driver 30 is provided, terminal
parts 71 and 72 are provided. The terminal part 71 is
connected with the display control circuit 50 and the power
source 60. Further, the terminal part 72 is connected with the
display control circuit 50, the source driver 30, and the
source lines S (see FIG. 2).

[0099] The display control circuit 50 supplies, as control
signals, a signal whose potential repeatedly changes
between an H level (VDD) and an L level (VSS) at a certain
cycle (hereinafter referred to as a clock signal), and a signal
having a potential at the same level as the H level of the
clock signal (hereinafter referred to as a reset signal) to the
terminal part 71.

[0100] The power source 60 supplies the power source
voltage signal to the source driver 30 and the terminal part
71.

[0101] The terminal part 71 receives signals supplied
thereto such as the control signals and the power source
voltage signal, and supplies the signals to each gate driver 40
via the control lines 411. The gate driver 40 outputs a voltage
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signal indicating either one of the selected state and the
non-selected state, to the gate line G corresponding thereto,
according to the signals supplied thereto. The source driver
30 outputs data signals to each source line S (see FIG. 2) via
the terminal part 72, according to the signals input from the
display control circuit 50.

[0102] Next, the configuration of the gate driver 40 is
described. FIG. 13 shows an exemplary equivalent circuit of
the gate driver 40(n) that drives the gate line G(n).

[0103] As shown in FIG. 13, the gate driver 40(x) includes
thin film transistors (TFTs) denoted by alphabetic characters
Ato E (hereinafter referred to as TFTs-A to -E) as switching
elements, a capacitor Cbst, and a netA as an internal line in
the gate driver 40.

[0104] The drain terminal of the TFT-B is connected to the
gate line G(n-1) in the previous stage, the gate terminal
thereof is connected to the control line 411 that supplies the
clock signal CKB, and the source terminal thereof is con-
nected to netA. The TFT-B controls the increase/decrease of
the potential of the netA, according to the potentials of the
clock signal CKB and the gate line G(n-1).

[0105] The drain terminal of the TFT-A is connected to the
netA, the gate terminal thereof is connected to the control
line 411 that supplies the reset signal CLR, and the source
terminal thereof is connected to the control line 411 that
supplies the power source voltage signal VSS. The TFT-A
decreases the potential of the netA to the level of the power
source voltage signal VSS, at a timing designated by the
reset signal CLR.

[0106] The gate terminal of the TFT-E is connected to the
netA, the drain terminal thereof is connected to the control
line 411 that supplies the clock signal CKA, and the source
terminal thereof is connected to the gate line G(n).

[0107] The drain terminal of the TFT-D is connected to the
gate line G(n), the gate terminal thereof is connected to the
control line 411 that supplies the reset signal CLR, and the
source terminal thereof is connected to the control line 411
that supplies the power source voltage signal VSS.

[0108] The drain terminal of the TFT-C is connected to the
gate line G(n), the gate terminal thereof is connected to the
control line 411 that supplies the clock signal CKB, and the
source terminal thereof is connected to the control line 411
that supplies the power source voltage signal VSS.

[0109] Regarding the capacitor Cbst having two elec-
trodes, one of electrodes thereof is connected with netA(n),
and the other electrode thereof is connected with the gate
line G(n). The capacitor Chst raises the potential of the
netA(n) according to the potential of the clock signal CKA
output from the TFT-E.

[0110] Incidentally, the connection of the clock signals
CKA and CKB is alternated for the gate line G(n+1) in the
next stage and the gate line G(n-1) in the previous stage. For
example, in the next stage and the previous stage, the drain
terminal of the TFT-E is connected with the control line 411
that supplies the clock signal CKB, and the gate terminals of
the TFT-B and the TFT-C are connected with the control line
411 that supplies the clock signal CKA.

[0111] The reset signal CLR is, for example, a signal that
is at the H level for a certain set period before the scanning
of the gate line G is started, and in this case, the reset signal
CLR rises to the H level every vertical scanning period. The
rise of the reset signal CLR to the H level causes netA and
the gate line G to be reset to the L level (the level of the
power source voltage signal VSS). Further, at the start of one
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vertical scanning period, to the gate line G(1) in the first
stage, a gate start pulse (GSP) is input as a set signal St from
the display control circuit 50.

[0112] The following description describes an operation
performed when the gate driver 40(») drives the gate line
G(n). FIG. 14 is a timing chart showing timings when the
gate driver 40(n) drives the gate line G(n). As shown in FIG.
14, the clock signals CKA and CKB alternately have a
potential at the H level and a potential at the L level every
horizontal scanning period (1H) repeatedly in such a manner
that the clock signals CKA and CKB have phases opposite
to each other, respectively.

[0113] At time t1, when the gate line G{(n-1) in the
previous stage becomes selected, the clock signal CKA
shifts to the L level, and the clock signal CKB shifts to the
H level. This causes the TFT-B to be turned ON, then causes
the potential at the H level of the gate line G(n-1) to be input
to the drain terminal of the TFT-B, thereby causing the netA
to be charged to the H level. Besides, the TFT-E is turned
OFF, which causes the potential of the netA to be maintained
without decreasing. During this period, the TFT-C is in the
ON state, which causes the gate line G(n) to have a potential
at the L level.

[0114] At time t2, the clock signal CK A rises to the H level
and the clock signal CKB falls to the L level, which causes
the TFT-E to be turned ON and causes the TFT-C to be
turned OFF. As the capacitor Cbst is provided between the
netA and the gate line G(n), the netA is charged to a potential
higher than the H level of the clock signal CKA, as the
potential of the drain of the TFT-F rises. During this period,
the potential at the H level of the clock signal CKA is output
to the gate line G(n). This causes the gate line G(n) to be
selected, thereby causing the potential at the H level of the
gate line G(n) to be output as a set signal St to the gate driver
40(n+1) for driving the gate line G(n+1) in the next stage.

[0115] At time t3, when the clock signal CKA shifts to the
L level and the clock signal CKB shifts to the H level, the
TFT-B is turned ON and the netA is charged to the L level.
Besides, as the TFT-E is turned OFF and the TFT-C is turned
ON, the gate line G(n) is charged to the L level, thereby
being switched to the non-selected state. Thereafter, with the
clock signal CKB and the TFT-C, the potential of the gate
line G(n) is maintained at the L level.

[0116] Next, an exemplary arrangement of circuit ele-
ments of the gate drivers 40 is described. FIG. 15 schemati-
cally shows an exemplary arrangement of the circuit ele-
ments of the gate drivers 40 in a case where the circuit
elements are arranged in the pixels.

[0117] FIG. 15 shows an exemplary arrangement of the
gate drivers 40(n-2) to 40(n+1) that drive the gate lines
G(n-2) to G(n+1), respectively.

[0118] As shown in FIG. 15, each gate drivers 40 is
arranged in a row between the gate line G driven by this gate
driver 40 and the gate line G in the previous stage. Further,
the gate driver 40(»-2) and the gate driver 40(») are con-
nected to each other via the control line 411 that is common
to these gate drivers, and the gate driver 40(»-1) and the gate
driver 40(n+1) are connected to each other via the control
line 411 that is common to these gate drivers.

[0119] The circuit elements, i.e., the TFTs-A to -E denoted
by the alphabetic characters A to E and the capacitor Cbst are
arranged dispersedly in the different pixels of the same row.
Here, the configuration of the pixels where the circuit
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elements of the gate drivers 40 and the control lines 411 are
arranged is described specifically.

[0120] FIG. 16 schematically shows an exemplary con-
figuration of pixels provided with circuit elements of the
gate driver 40 and the control line 411. In this example, the
circuit element 410 is provided extending over the light-
shielding area of the pixels where the pixel electrodes 132B,
133B are provided; and the control line 411 connected with
the circuit element 410 is provided in the light-shielding area
Pb between the pixels where the pixel electrodes 1324,
132B are provided; and the pixels where the pixel electrodes
133A, 133B are provided. Further, among the source lines
S1 to S5, the source lines S1, S3, and S4 are bent, and the
source lines S1, S4 are arranged in the openings Pa.
[0121] All of the connection portions 13056 of the pixel
electrodes 130 extend in the same direction (the X-axis
positive direction), and every pixel electrode 130 is arranged
so as to extend over the boundary between the pixel of the
same and the pixel adjacent in the X-axis positive direction.
[0122] In other words, each of the pixel electrodes 130
(131A to 134A) in the upper row is connected with the
source line S arranged on a side in a direction in which the
connection portion 1305 of the pixel electrode 130 extends,
while each of the pixel electrodes 130 (131B to 134B) in the
lower row is connected with the source line S arranged on
a side in the direction opposite to the connection portion
1305 of the pixel electrode 130 extending direction. Regard-
ing the pixel electrodes 130 in the upper row and the pixel
electrodes 130 in the lower row, the direction in which the
pixel TFTs 12 of the former are connected to the source lines
S, and the direction in which those of the latter are connected
to the source lines S, are opposite to each other.

[0123] Here, the source line S3 is connected with the pixel
electrodes 132A, 133 A where the circuit element 410 and
the control line 411 are arranged. The source line S3 is
arranged between the pixels where the pixel electrodes
133A, 133B are provided, and the pixels where the pixel
electrodes 134A, 134B are arranged. Besides, the source line
S3 is bent in such a manner that the source line S3 does not
cross the opening Pa of the pixel, extends over the connec-
tion portion 1304 of the pixel electrode 133B, and is close
to the connection portion 13056 of the pixel electrode 1325.
This makes it possible to connect the connection portions
1305 of the pixel electrodes 132A and 133B via the pixel
TFTs 12 with the source line S3.

[0124] In other words, the connection portion 1305 of the
pixel electrode 130 is arranged so as to extend over the pixel
adjacent thereto, and the source lines S are displaced so that
a greater space is provided between some of the source lines
S, whereby the circuit element 410 and the control lines 411
can be arranged in the pixels between the some of the source
lines S. Further, the connection portion 1305 of the pixel
electrode 130 is arranged so as to reach the pixel that is
adjacent thereto in the gate line G extending direction, and
the source lines S thus displaced are bent. This makes it
possible to connect the pixel electrode 130 of the pixel
where the circuit element 410 and the control line 411 are
provided, to the source line S corresponding to the polarity
of the pixel voltage of this pixel electrode 130. Dot inversion
driving therefore can be realized by performing polarity
inversion of the data signal voltage supplied to the source
line S every vertical scanning period, even in a case where
the circuit elements 410 of the gate drivers 40, and the
control lines 411 connected with the circuit elements 410,
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are arranged in the pixels. This makes it possible to decrease
the deterioration of the display quality.

[0125] Incidentally, in this example, not only the source
line S3, but also the source lines S1 and S4 are bent, but the
source lines S1 and 84 may be straight. In other words, one
source line S connected with the pixel electrode 130 of the
pixel where the circuit element 410 and the control line 411
are provided may be bent.

Modification Example

[0126] In Embodiment 4 described above, regarding the
pixel electrodes 130 in the upper row and the pixel elec-
trodes 130 in the lower row, the direction in which the pixel
TFTs 12 of the former are connected to the source lines S,
and the direction in which those of the latter are connected
to the source lines S, are opposite to each other. In other
words, every row of the pixels, the direction in which the
pixel TFT 12 is connected with the source line S is laterally
inverted. Therefore, in a case where layer displacement
occurs between the gate layer and the source layer, the
amount of parasitic capacitance between the pixel electrode
130 and the gate line G varies by row. Consequently, in
every row, differences are generated in the pull-in voltages
of the pixel electrodes 130 when the pixel TFTs 12 are
turned OFF, which makes it likely that horizontal strip
would occur, thereby resulting in the deterioration of the
display quality. The present modification example in
Embodiment 4 is described with reference to a configuration
for decreasing the deterioration of the display quality such as
horizontal strip.

[0127] FIG. 17 schematically shows an exemplary con-
figuration of pixels in the present modification example. In
FIG. 17, members identical to those in Embodiment 4 are
denoted by the same reference symbols in Embodiment 4.
The following description describes configurations different
from those in Embodiment 4.

[0128] In Embodiment 4 described above, all of the con-
nection portions 1305 of the pixel electrodes 130 extend in
the same direction (the X-axis positive direction). In the
present modification example, as shown in FIG. 17, the
connection portions 1306 of the pixel electrodes 131A to
134A in the upper row extend in the X-axis positive direc-
tion, while the connection portions 1304 of the pixel elec-
trodes 131B to 134B in the lower row extend in the X-axis
negative direction.

[0129] Further, all of the drains 124 of the pixel TFTs 12
connected to the pixel electrodes 130 are arranged on the left
side (the side in the X-axis negative direction) with respect
to the source lines S to which the drains 124 are connected,
and the pixel TFTs 12 are connected to the source lines S in
the same direction. With this configuration, even if layer
displacement occurs between the gate layer and the source
layer, the amounts of parasitic capacitances between the
pixel electrodes 130 and the gate lines G are approximately
uniform, whereby the deterioration of the display quality can
be decreased.

[0130] The embodiments of the present invention are
described as above, but the above-described embodiments
are merely examples for implementing the present inven-
tion. The present invention, therefore, is not limited to the
above-described embodiments, and the above-described
embodiments can be appropriately varied and any of the
same can be implemented in combination, without departing
from the spirit and scope of the invention.
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Modification Example

[0131] (1) The configuration of the gate driver 40 used in
the above-described embodiments is one example; the con-
figuration of the gate driver is not limited to this as long as
the configuration includes a plurality of switching elements.
[0132] (2) As a semiconductor material for the pixel TFT
12 and the TFTs that compose the gate driver 40 in the
above-described embodiments, amorphous silicon (a-Si), or
low temperature poly-silicon (LTPS), may be used, but
oxide semiconductor containing indium (In), gallium (Ga),
zine (Zn), and oxygen (O) is more preferable. By using
oxide semiconductor containing indium (In), gallium (Ga),
zine (Zn), and oxygen (O), image definition enhancement
and a greater aperture ratio can be achieved more easily, as
compared with a case where amorphous silicon (a-Si), or
low temperature poly-silicon (LTPS), is used.

1: A liquid crystal display device comprising: an active
matrix substrate; a counter substrate that is arranged so as to
be opposed to the active matrix substrate; a liquid crystal
layer interposed between the active matrix substrate and the
counter substrate; and a circuit that supplies data signals to
the active matrix substrate,

wherein the active matrix substrate includes:

a plurality of gate lines;

a plurality of source lines that intersect with the gate lines,

and supply the data signals;

a plurality of pixels that are provided with pixel elec-

trodes, respectively; and
pixel switching elements each of which is connected, in
each of the pixels, with the pixel electrode of the said
pixel, one of the gate lines, and one of the source lines,

wherein the pixel electrode has a connection portion that
is connected with the pixel switching element,

the connection portion of the pixel electrode extends to an

adjacent one of the pixels that is adjacent in a gate line
extending direction to the pixel where the said pixel
electrode is provided, and

the data signal supplied by a source line has a polarity that

is opposite to a polarity of a data signal supplied by a
source line adjacent to the source line, and that is
inverted every vertical scanning period.

2: The liquid crystal display device according to claim 1,

wherein directions in which the connection portions of

adjacent ones of the pixel electrodes that are adjacent in
a source line extending direction extend are opposite to
each other, and the connection portion of each pixel
electrode is connected with the source line closest to
the connection portion, among the source lines.

3: The liquid crystal display device according to claim 1,

wherein the pixel electrodes of the pixels are arranged in

matrix,

the source lines are aligned at intervals of two adjacent

columns of the pixels in the gate line extending direc-
tion,

the gate lines are arranged in such a manner that two of

the gate lines correspond to the pixel electrodes
arranged in one same row, and adjacent ones of the
pixel electrodes in the one same row that are adjacent
with one of the source lines being interposed therebe-
tween are connected to one same gate line of the said
two gate lines, and

one of the two adjacent ones of the pixel electrodes

between which one of the source lines is interposed is
connected with the said one of the source lines, and the
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other one of the adjacent ones of the pixel electrodes is
connected with another one of the source lines that is
adjacent to the said one of the source lines.

4: The liquid crystal display device according to claim 3,

further comprising:

a common electrode arranged so as to be opposed to the
pixel electrodes of the pixels; and

a signal line connected with the common electrode,

wherein the signal line is arranged in a space between two
columns of the pixels, no source line being arranged in
the space.

5: The liquid crystal display device according to claim 1,

further comprising:

driving circuits that are provided with respect to the gate
lines, respectively, each driving circuit switching a
corresponding one of the gate lines into a selected state
or a non-selected state; and

a plurality of control lines that are connected with the
driving circuits, respectively, and supply a control
signal,

wherein the driving circuit includes a driving circuit
element including a plurality of switching elements,
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the driving circuit element is arranged in a plurality of the
pixels that are adjacent in a gate line extending direc-
tion,

one of the source lines connected with the pixel electrode
of one of the pixels where the driving circuit element is
provided is bent, and

the control line connected to the driving circuit element is
arranged in a space between the pixels where the
driving circuit element is arranged.

6: The liquid crystal display device according to claim 5,

wherein the switching element as the driving circuit
element contains an oxide semiconductor containing
indium (In), gallium (Ga), zinc (Zn), and oxygen (O) as
a semiconductor material.

7: The liquid crystal display device according to claim 1,

wherein the pixel switching elements contain an oxide
semiconductor containing indium (In), gallium (Ga),
zine (Zn), and oxygen (O) as a semiconductor material.

8: The liquid crystal display device according to claim 1,

wherein drains of the pixel switching elements are
arranged on the same side with respect to the source
lines to which the pixel switching elements are con-
nected, respectively.

* ok %k
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