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57) ABSTRACT

Each pixel includes two pixel electrodes connected to each
other via a capacitor, and in respect to a pixel (101) that
belongs to the column of pixels and to the row of pixels, a
transistor (12a) connected to one of the two scanning signal
lines (16a, 165) is electrically connected to one of two pixel
electrodes (17a, 17b) included in the pixel (101), a transistor
(12b) connected to the other one of the two scanning signal
lines is electrically connected to the other one of the two pixel
electrodes, and each of these transistors (12a, 126) is electri-
cally connected to an identical data signal line (15x) that is
one of the two data signal lines (15x, 15y).
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ACTIVE MATRIX SUBSTRATE, LIQUID
CRYSTAL PANEL, LIQUID CRYSTAL
DISPLAY DEVICE, LIQUID CRYSTAL

DISPLAY UNIT, AND TELEVISION
RECEIVER

TECHNICAL FIELD

[0001] The present invention relates to (i) an active matrix
substrate employing a capacitively-coupled type pixel-divi-
sion system and (ii) a liquid crystal panel and the like each
including the active matrix substrate.

BACKGROUND ART

[0002] Patent Literature 1 (refer to FIG. 52) discloses a
liquid crystal display device in which two data lines (a left
data line and a right data line) are provided for a column of
pixels, pixel electrodes in odd-numbered pixels included in a
single row of pixels are connected to the left data line and
pixel electrodes in even-numbered pixels in this row are con-
nected to the right data line, and two successive scanning
signal lines (a scanning signal line connected to an odd-
numbered pixel and a scanning signal line connected to an
even-numbered pixel) are simultaneously selected so that
speed at which a screen is written is increased. Further, for
example Patent Literature 2 discloses a liquid crystal display
device employing a capacitively-coupled type pixel-division
system.

CITATION LIST

Patent Literatures

[0003] Patent Literature 1

[0004] Japanese Patent Application Publication, Toku-
kaihei, No. 10-253987 A (Publication Date: Sep. 25, 1998)

[0005] Patent Literature 2

[0006] Japanese Patent Application Publication, Tokukai,
No. 2006-39290 A (Publication Date: Feb. 9, 2006)

SUMMARY OF INVENTION
Technical Problem

[0007] The inventor of the present invention has found that,
in a case where a liquid crystal panel in which two data signal
lines are provided in such a way as to correspond to a column
of pixels employs a capacitively-coupled type pixel-division
system, a pixel electrode electrically floating in a pixel is
likely to have a DC voltage applied thereto, and this causes
image sticking in the pixel etc. An object of the present
invention is to improve display quality in such a case.

Solution to Problem

[0008] An active matrix substrate in accordance with the
present invention is an active matrix substrate including pixel
areas, wherein: the pixel areas (i) each include two pixel
electrodes connected to each other via a capacitor and (ii) are
arranged in a row direction and a column direction, the col-
umn direction being a direction in which each data signal line
extends, two data signal lines are provided in such a way as to
correspond to a column of pixel areas and two scanning signal
lines are provided in such a way as to correspond to a row of
pixel areas, and in respect to a pixel area that belongs to the
column of pixel areas and to the row of pixel areas, a transistor
connected to one of the two scanning signal lines is electri-
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cally connected to one of two pixel electrodes included in the
pixel area, a transistor connected to the other one of the two
scanning signal lines is electrically connected to the other one
of the two pixel electrodes, and each of these transistors is
electrically connected to an identical data signal line that is
one of the two data signal lines.

[0009] Alternatively, an active matrix substrate in accor-
dance with the present invention is an active matrix substrate
including pixel areas, wherein: the pixel areas (i) each include
two pixel electrodes connected to each other via a capacitor
and (ii) are arranged in a row direction and a column direc-
tion, the column direction being a direction in which each
data signal line extends, two data signal lines are provided in
such a way as to correspond to a column of pixel areas and two
scanning signal lines are provided in such a way as to corre-
spond to a row of pixel areas, and in respect to a pixel area that
belongs to the column of pixel areas and to the row of pixel
areas, a transistor connected to one of the two scanning signal
lines is electrically connected to one of two pixel electrodes
included in the pixel area and to one of the two data signal
lines, and a transistor connected to the other one of the two
scanning signal lines is electrically connected to the other one
of the two pixel electrodes and to a retention capacitor wire.
[0010] Alternatively, an active matrix substrate in accor-
dance with the present invention is an active matrix substrate
including pixel areas, wherein: the pixel areas (i) each include
two pixel electrodes connected to each other via a capacitor
and (ii) are arranged in a row direction and a column direc-
tion, the column direction being a direction in which each
data signal line extends, two data signal lines are provided in
sucha way as to correspond to a column of pixel areas and two
scanning signal lines are provided in such a way as to corre-
spond to a row of pixel areas, and in respect to a pixel area that
belongs to the column of pixel areas and to the row of pixel
areas, a transistor connected to one of the two scanning signal
lines is electrically connected to one of two pixel electrodes
included in the pixel area and to one of the two data signal
lines, and a transistor connected to the other one of the two
scanning signal lines is electrically connected to each of the
two pixel electrodes.

Advantageous Effects of Invention

[0011] According to the active matrix substrate, first, since
two data signal lines are provided in such a way as to corre-
spond to a column of pixel areas, a liquid crystal display
device including the active matrix substrate is capable of
writing data signals simultaneously to two rows of pixels by
simultaneously selecting two scanning signal lines. Further,
each of capacitively-coupled two pixel electrodes in each
pixel area does not electrically float. This suppresses image
sticking in pixels etc. and thus achieves high display quality in
the liquid crystal display device including the active matrix
substrate.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a circuit diagram illustrating a configura-
tion of a liquid crystal panel in accordance with Embodiment
1.

[0013] FIG. 2 is a timing chart illustrating a method of
driving the liquid crystal panel shown in FIG. 1.

[0014] FIG. 3 is a view schematically describing a driving
method in F1 (nth horizontal scanning period) in FIG. 2.
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[0015] FIG. 4 is a view schematically describing a driving
method in F1 ((n+1)th horizontal scanning period) in FIG. 2.
[0016] FIG. 5 is a view schematically describing a driving
method in F2 (nth horizontal scanning period) in FIG. 2.
[0017] FIG. 6 is a view schematically describing a driving
method in F2 ((n+1)th horizontal scanning period) in FIG. 2.
[0018] FIG. 7 is a view schematically describing a driving
method in F3 (nth horizontal scanning period) in FIG. 2.
[0019] FIG. 8 is a view schematically describing a driving
method in F3 ((n+1)th horizontal scanning period) in FIG. 2.
[0020] FIG.9 is a view schematically describing a driving
method in F4 (nth horizontal scanning period) in FIG. 2.
[0021] FIG. 101is a view schematically describing a driving
method in F4 ((n+1)th horizontal scanning period) in FIG. 2.
[0022] FIG. 11 is a timing chart illustrating another method
of driving the liquid crystal panel shown in FIG. 1.

[0023] FIG. 12 is a timing chart illustrating a further
method of driving the liquid crystal panel shown in FIG. 1.
[0024] FIG. 13 isa plan view illustrating a configuration of
the liquid crystal panel shown in FIG. 1.

[0025] FIG. 14 is a cross-sectional view taken along line
A-BinFIG. 13 (in a case where an inter-layer insulation film
is thin).

[0026] FIG. 15 is a cross-sectional view taken along line
A-BinFIG. 13 (in a case where an inter-layer insulation film
is thick).

[0027] FIG. 16 is a plan view illustrating another configu-
ration of the liquid crystal panel shown in FIG. 1.

[0028] FIG. 17 is a plan view illustrating a modification of
the liquid crystal panel shown in FIG. 16.

[0029] FIG. 18 is a cross-sectional view taken along line
A-BinFIG. 17 (in a case where an inter-layer insulation film
is thick).

[0030] FIG. 19 is a circuit diagram illustrating another con-
figuration of a liquid crystal panel in accordance with
Embodiment 1.

[0031] FIG. 20 is a timing chart illustrating a method of
driving the liquid crystal panel shown in FIG. 19.

[0032] FIG.21isa plan view illustrating a configuration of
the liquid crystal panel shown in FIG. 19.

[0033] FIG. 22 is a plan view illustrating another configu-
ration of the liquid crystal panel shown in FIG. 19.

[0034] FIG. 23 is a timing chart illustrating a driving
method (in a case of the liquid crystal panel shown in FIG. 1)
of Embodiment 2.

[0035] FIG. 24 is a view schematically describing a driving
method in {1 (nth horizontal scanning period) in FIG. 23.
[0036] FIG.25isaview schematically describing a driving
method in f1 ((n+1)th horizontal scanning period) in FIG. 23.
[0037] FIG. 261is a view schematically describing a driving
method in £2 (nth horizontal scanning period) in FIG. 23.
[0038] FIG. 27 is a view schematically describing a driving
method in f2 ((n+1)th horizontal scanning period) in FIG. 23.
[0039] FIG. 28 is a timing chart illustrating a driving
method (in a case of the liquid crystal panel shown in FIG. 19)
of Embodiment 2.

[0040] FIG. 29 is a circuit diagram illustrating a configu-
ration of a liquid crystal panel in accordance with Embodi-
ment 3.

[0041] FIG. 30 is a timing chart illustrating a method of
driving the liquid crystal panel shown in FIG. 29.

[0042] FIG. 311is aview schematically describing a driving
method in F1 (nth horizontal scanning period) for the liquid
crystal panel shown in FIG. 29.
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[0043] FIG. 32 is a view schematically describing a driving
method in F1 ((n+1)th horizontal scanning period) for the
liquid crystal panel shown in FIG. 29.

[0044] FIG. 33 is a view schematically describing a driving
method in F2 (nth horizontal scanning period) for the liquid
crystal panel shown in FIG. 29.

[0045] FIG. 34 is a view schematically describing a driving
method in F2 ((n+1)th horizontal scanning period) for the
liquid crystal panel shown in FIG. 29.

[0046] FIG. 35 is aplan view illustrating a configuration of
the liquid crystal panel shown in FIG. 29.

[0047] FIG. 36 is acircuit diagram illustrating another con-
figuration of a liquid crystal panel in accordance with
Embodiment 3.

[0048] FIG. 37 is a circuit diagram illustrating a configu-
ration of a liquid crystal panel in accordance with Embodi-
ment 4.

[0049] FIG. 38 is a view schematically describing a driving
method in F1 (nth horizontal scanning period) for the liquid
crystal panel shown in FIG. 37.

[0050] FIG. 39 is a view schematically describing a driving
method in F1 ((n+1)th horizontal scanning period) for the
liquid crystal panel shown in FIG. 37.

[0051] FIG. 40 is a view schematically describing a driving
method in F2 (nth horizontal scanning period) for the liquid
crystal panel shown in FIG. 37.

[0052] FIG. 41 is a view schematically describing a driving
method in F2 ((n+1)th horizontal scanning period) for the
liquid crystal panel shown in FIG. 37.

[0053] FIG. 42 is a plan view illustrating a configuration of
the liquid crystal panel shown in FIG. 37.

[0054] FIG. 43 is a circuit diagram illustrating another con-
figuration of a liquid crystal panel in accordance with
Embodiment 4.

[0055] FIG. 44 is a timing chart illustrating another driving
method for Embodiments 2 through 4.

[0056] FIG.45 is atiming chart illustrating a further driving
method for Embodiments 2 through 4.

[0057] FIG. 46 (a) of FIG. 46 is a view schematically illus-
trating a configuration of a liquid crystal display unit of the
present invention. (b) of FIG. 46 is a view schematically
illustrating a configuration of a liquid crystal display device
of the present invention.

[0058] FIGS. 47 (@) and (b) of FIG. 47 is a circuit diagram
illustrating a configuration of a source driver.

[0059] FIG. 48 is a block diagram illustrating an overall
configuration of a liquid crystal display device of the present
invention.

[0060] FIG. 49 is a block diagram describing functions of a
liquid crystal display device of the present invention.

[0061] FIG.501is a block diagram describing functions of a
television receiver of the present invention.

[0062] FIG. 51 is an exploded perspective view illustrating
a configuration of a television receiver of the present inven-
tion.

[0063] FIG. 52 is a view schematically illustrating a con-
figuration of a conventional liquid crystal panel.

DESCRIPTION OF EMBODIMENTS

[0064] The following description discusses, with reference
to FIGS. 1 through 49, examples of embodiments in accor-
dance with the present invention. For convenience of descrip-
tions, in the following, a direction in which data signal lines
extend is referred to as a column direction, and a direction in
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which scanning signal lines extend is referred to as a row
direction. Note however that, needless to say, while a liquid
crystal display device (or a liquid crystal panel or an active
matrix substrate used in the liquid crystal display device) of
the present invention is being used (watched), the scanning
signal lines may extend in a horizontal direction or in a
vertical direction. Further, a pixel area of the active matrix
substrate corresponds to a pixel of a liquid crystal panel.

Embodiment 1

[0065] FIG. 1 is an equivalent circuit diagram illustrating
part of a liquid crystal panel of the present embodiment. As
illustrated in FIG. 1, pixels each including two pixel elec-
trodes connected to each other via a capacitor are arranged in
a row direction and a column direction, two data signal lines
are provided in such a way as to correspond to a column of
pixels and two scanning signal lines are provided in such a
way as to correspond to a row of pixels, and in respect to a
pixel that belongs to the column of pixels and to the row of
pixels, a transistor connected to one of the two scanning
signal lines is electrically connected to one of the two pixel
electrodes included in the pixel, a transistor connected to the
other one of the two scanning signal lines is electrically
connected to the other one of the two pixel electrodes, and
each of these transistors is electrically connected to an iden-
tical data signal line that is one of the two data signal lines.
Note that two scanning signal lines that correspond to a row of
pixels are arranged on both sides of the row or are arranged so
as to overlap both edges of the row. Further, (i) a data signal
line connected via a transistor to each of pixel electrodes
included in one of two pixel areas adjacent to each other in the
column direction and (ii) a data signal line connected via a
transistor to each of pixel electrodes included in the other one
of the two pixel areas are different data signal lines. Further,
two pixel electrodes are arranged in the column direction in a
pixel; and (i) a transistor electrically connected to one of two
pixel electrodes that are included in an identical row of pixels
and face diagonally each other and (ii) a transistor electrically
connected to the other one of the two pixel electrodes are
connected to an identical scanning signal line.

[0066] Forexample, pixels 101 and 105 are arranged in the
row direction, pixels 101 to 104 are arranged in the column
direction, two data signal lines 15x and 15y are provided in
such a way as to correspond to the pixels 101 to 104 which
constitute a column of pixels, and two scanning signal lines
164 and 164 are provided in such a way as to correspond to the
pixels 101 and 105 which constitute a row of pixels. The two
scanning signal lines 16a and 165 are provided on both sides
of this row of pixels.

[0067] In the pixel 101, two pixel electrodes 17a and 175
which are connected to each other via a capacitor Cab are
arranged in the column direction, a drain electrode of a tran-
sistor 12a which is connected to the scanning signal line 16a
is electrically connected to the pixel electrode 17a, a drain
electrode of a transistor 126 which is connected to the scan-
ning signal line 165 is electrically connected to the pixel
electrode 175, and a source electrode of each of the transistors
12a and 126 is electrically connected to an identical data
signal line, i.e., the data signal line 15x. Note that a liquid
crystal capacitance Cla is defined by the pixel electrode 17a
and a common electrode (counter electrode) com, and a liquid
crystal capacitance C15 is defined by the pixel electrode 175
and the common electrode (counter electrode) com.
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[0068] Further, in the pixel 102 which is adjacent to the
pixel 101 in the column direction, two pixel electrodes 17¢
and 174 which are connected to each other via a capacitor Ccd
are arranged in the column direction, a drain electrode of a
transistor 12¢ which is connected to a scanning signal line 16¢
is electrically connected to the pixel electrode 17¢, a drain
electrode of a transistor 124 which is connected to a scanning
signal line 164 is electrically connected to the pixel electrode
17d, and a source electrode of each of the transistors 12¢ and
124 is electrically connected to an identical data signal line,
i.e., a data signal line 15y. Note that a liquid crystal capaci-
tance Clc is defined by the pixel electrode 17¢ and the com-
mon electrode (counter electrode) com, and a liquid crystal
capacitance C1d is defined by the pixel electrode 174 and the
common electrode (counter electrode) com.

[0069] Further, in the pixel 103, two pixel electrodes 17¢
and 17fwhich are connected to each other via a capacitor Cef
are arranged in the column direction, a drain electrode of a
transistor 12e which is connected to a scanning signal line 16e
is electrically connected to the pixel electrode 17¢, a drain
electrode of a transistor 12f'which is connected to a scanning
signal line 16f'is electrically connected to the pixel electrode
17/, and a source electrode of each of the transistors 12e and
12f'is electrically connected to an identical data signal line,
i.e., the data signal line 15x.

[0070] Further, in the pixel 104, two pixel electrodes 17g
and 17/ which are connected to each other via a capacitor Cgh
are arranged in the column direction, a drain electrode of a
transistor 12g which is connected to a scanning signal line
16g is electrically connected to the pixel electrode 17g, a
drain electrode of a transistor 12/ which is connected to a
scanning signal line 16/ is electrically connected to the pixel
electrode 17/, and a source electrode of each of the transistors
12g and 12/ is electrically connected to an identical data
signal line, i.e., the data signal line 15y.

[0071] Further, in the pixel 105 which is adjacent to the
pixel 101 in the row direction, two pixel electrodes 17A and
17B which are connected to each other via a capacitor CAB
are arranged in the column direction, a drain electrode of a
transistor 12A which is connected to the scanning signal line
16a is connected to the pixel electrode 17B which faces
diagonally the pixel electrode 17a, a drain electrode of a
transistor 12B which is connected to the scanning signal line
165 is connected to the pixel electrode 17A which diagonally
faces the pixel electrode 175, and a source electrode of each of
the transistors 12A and 12B is electrically connected to an
identical data signal line, i.e., a data signal line 15x. Note that
a liquid crystal capacitance C1A is defined by the pixel elec-
trode 17A and the common electrode (counter electrode)
com, and a liquid crystal capacitance C1B is defined by the
pixel electrode 17B and the common electrode (counter elec-
trode) com.

[0072] Further, in the pixel 106 which is adjacent to the
pixel 102 in the row direction, two pixel electrodes 17C and
17D which are connected to each other via a capacitor CCD
are arranged in the column direction, a drain electrode of a
transistor 12C which is connected to the scanning signal line
16¢ is connected to the pixel electrode 17D which faces
diagonally the pixel electrode 17¢, a drain electrode of a
transistor 12D which is connected to the scanning signal line
16d is connected to the pixel electrode 17C which faces
diagonally the pixel electrode 174, and a source electrode of
each of the transistors 12C and 12D is electrically connected
to an identical data signal line, i.e., a data signal line 15Y.
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Note that a liquid crystal capacitance C1C is defined by the
pixel electrode 17C and the common electrode (counter elec-
trode) com, and a liquid crystal capacitance C1D is defined by
the pixel electrode 17D and the common electrode (counter
electrode) com.

[0073] Further, in the pixel 107 which is adjacent to the
pixel 103 in the row direction, two pixel electrodes 17E and
17F which are connected to each other via a capacitor CEF are
arranged in the column direction, a drain electrode of a tran-
sistor 12E which is connected to the scanning signal line 16e
is connected to the pixel electrode 17F which faces diagonally
the pixel electrode 17¢, a drain electrode of a transistor 12F
which is connected to the scanning signal line 16/ is con-
nected to the pixel electrode 17E which faces diagonally the
pixel electrode 17f, and a source electrode of each of the
transistors 12E and 12F is electrically connected to an iden-
tical data signal line, i.e., the data signal line 15x. Note that a
liquid crystal capacitance C1E is defined by the pixel elec-
trode 17E and the common electrode (counter electrode) com,
and a liquid crystal capacitance C1F is defined by the pixel
electrode 17F and the common electrode (counter electrode)
com.

[0074] Further, in the pixel 108 which is adjacent to the
pixel 104 in the row direction, two pixel electrodes 17G and
17H which are connected to each other via a capacitor CGH
are arranged in the column direction, a drain electrode of a
transistor 12G which is connected to the scanning signal line
16g is connected to the pixel electrode 17H which faces
diagonally the pixel electrode 17g, a drain electrode of a
transistor 12H which is connected to the scanning signal line
16/ is connected to the pixel electrode 17G which faces
diagonally the pixel electrode 174, and a source electrode of
each of the transistors 12G and 12H is electrically connected
to an identical data signal line, i.e., the data signal line 15Y.
Note that a liquid crystal capacitance C1G is defined by the
pixel electrode 17G and the common electrode (counter elec-
trode) com, and a liquid crystal capacitance C1H is defined by
the pixel electrode 17H and the common electrode (counter
electrode) com.

[0075] FIG. 2 is a timing chart illustrating a method of
driving a liquid crystal panel 5a. In FIG. 2, 15x, 15y, 15X and
15Y denote data signals supplied to the data signal lines 15x,
15y, 15x and 15 Y, respectively, sh denotes a signal that
defines a pre-charge period, 16a to 16/ denote signals (active
High) supplied to the scanning signal lines 16a to 16/, respec-
tively, and 17a to 17d, and 17A and 17B denote electric
potentials of the pixel electrodes 17a to 174, and 17A and
17B, respectively. Further, FIGS. 3 and 4 each describe a
driving in F1 (first frame) in FIG. 2, FIGS. 5 and 6 each
describe a driving in F2 (second frame) in FIG. 2, FIGS. 7 and
8 each describe a driving in F3 (third frame) in FIG. 2, and
FIGS. 9 and 10 each describe a driving in F4 (fourth frame) in
FIG. 2. In FIG. 3 etc., a scanning signal line being selected is
marked with ¥¥.

[0076] According to the driving method shown in FIG. 2,1in
each odd-numbered frame, (i) one of two scanning signal
lines that correspond to one of two adjacent rows of pixels and
(i1) one of two scanning signal lines that correspond to the
other one of the two adjacent rows of pixels are selected
simultaneously so that data signals are written simulta-
neously to the two adjacent rows of pixels. In each even-
numbered frame, (a) the other one of the two scanning signal
lines that correspond to the foregoing one of the two adjacent
rows of pixels and (b) the other one of the two scanning signal
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lines that correspond to the foregoing other one of the two
adjacent rows of pixels are selected simultaneously so that
data signals are written simultaneously to the two adjacent
rows of pixels. In this case, light and dark of subpixels are
switched for every one (1) frame.

[0077] For example, in F1 and F3, (i) the scanning signal
line 164, which is one of two scanning signal lines that cor-
respond to a row of pixels including the pixels 101 and 105,
and (ii) the scanning signal line 16¢, which is one of two
scanning signal lines that correspond to a row of pixels
including the pixels 102 and 106, are selected simultaneously
so that data signals are written simultaneously to the row of
pixels including the pixels 101 and 105 and to the row of
pixels including the pixels 102 and 106. In F2 and F4, (a) the
scanning signal line 165, which is the other one of the two
scanning signal lines that correspond to the row of pixels
including the pixels 101 and 105, and (b) the scanning signal
line 164, which is the other one of the two scanning signal
lines that correspond to the row of pixels including the pixels
102 and 106, are selected simultaneously so that data signals
are written simultaneously to the row of pixels including the
pixels 101 and 105 and to the row of pixels including the
pixels 102 and 106.

[0078] Further, (i) a data signal line connected via a tran-
sistor to each of pixel electrodes included in one of two pixels
adjacent to each other in the column direction and (ii) a data
signal line connected via a transistor to each of pixel elec-
trodes included in the other one of the two pixels are supplied
with data signals having respective opposite polarities.

[0079] Forexample, in F1, the data signal line 15x, which is
connected via the respective transistors (12a and 125) to the
pixel electrodes (17a and 175) included in the pixel 101, is
supplied with a data signal having a positive polarity, and the
data signal line 15y, which is connected via the respective
transistors (12¢ and 12d) to the pixel electrodes (17¢ and 17d)
included in the pixel 102 adjacent to the pixel 101 in the
column direction, is supplied with a data signal having a
negative polarity.

[0080] Further, (i) a data signal line connected via a tran-
sistor to each of pixel electrodes included in one of two pixels
adjacent to each other in the row direction and (ii) a data
signal line connected via a transistor to each of pixel elec-
trodes included in the other one of the two pixels are supplied
with data signals having respective opposite polarities.

[0081] For example, the data signal line 15x, which is con-
nected via the respective transistors (12a and 125) to the pixel
electrodes (17a and 175b) included in the pixel 101, is supplied
with a data signal having a positive polarity, and the data
signal line 15x, which is connected via the respective transis-
tors (12A and 12B) to the pixel electrodes (17A and 17B)
included in the pixel 105 adjacent to the pixel 101 in the row
direction, is supplied with a data signal having a negative
polarity.

[0082] Further, a polarity of a data signal that is supplied to
an identical data signal line is reversed for every two frames.
That is, a polarity of each pixel is reversed for every two
frames.

[0083] For example, in F1 and F2, the data signal lines 15x
and 15Y are each supplied with a data signal having a positive
polarity and the data signal lines 15y and 15x are each sup-
plied with a data signal having a negative polarity, and, in F3
and F4, the data signal lines 15x and 15Y are each supplied
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with a data signal having a negative polarity and the data
signal lines 15y and 15x are each supplied with a data signal
having a positive polarity.

[0084] Further, each horizontal scanning period includes a
pre-charge period during which a certain electric potential
(here, a common electrode electric potential VC) is supplied
to each data signal line. During a pre-charge period during
simultaneous selection, scanning signal lines, out of four
scanning signal lines that correspond to the two rows of pixel
areas (to which data signals are to be simultaneously written),
that are not being selected simultaneously are each turned ON
and OFF.

[0085] Forexample, as illustrated in FIGS. 1 to 3, in the nth
horizontal scanning period in F1, during a pre-charge period
during which the scanning signal lines 164 and 16¢ are being
selected simultaneously, out of four scanning signal lines
(164,165, 16¢ and 164) that correspond to the row of pixels
including the pixels 101 and 105 and the row of pixels includ-
ing the pixels 102 and 106, data signal lines (165 and 16d) that
are not being selected simultaneously are each turned ON and
OFF (i.e., caused to be active and thereafter caused to be
inactive). This causes the pixel electrodes 176 and 17A, each
of which is connected via a transistor to the scanning signal
line 164, and the pixel electrodes 174 and 17C, each of which
is connected via a transistor to the scanning signal line 164, to
be discharged.

[0086] Then, after the pre-charge period, data signals are
written to the pixel electrodes 17a and 17B, each of which is
connected via a transistor to the scanning signal line 164, and
to the pixel electrodes 17¢ and 17D, each of which is con-
nected via a transistor to the scanning signal line 16¢.

[0087] Asaresult, (i) in the pixel 101, a subpixel including
the pixel electrode 17a serves as a light subpixel having a
positive polarity (M+) and a subpixel including the pixel
electrode 175 serves as a dark subpixel having a positive
polarity (K+), (ii) in the pixel 105, a subpixel including the
pixel electrode 17A serves as a dark subpixel having a nega-
tive polarity (K-) and a subpixel including the pixel electrode
17B serves as a light subpixel having a negative polarity
(M-), (iii) in the pixel 102, a subpixel including the pixel
electrode 17¢ serves as a light subpixel having a negative
polarity (M-) and a subpixel including the pixel electrode 174
serves as a dark subpixel having a negative polarity (K-) and
(iv) in the pixel 106, a subpixel including the pixel electrode
17C serves as a dark subpixel having a positive polarity (K+)
and a subpixel including the pixel electrode 17D serves as a
light subpixel having a positive polarity (M+).

[0088] Further, as illustrated in FIGS. 1, 2 and 4, in the
(n+1)th horizontal scanning period in F1, during a pre-charge
period during which the scanning signal lines 16e and 16g are
being selected simultaneously, out of four scanning signal
lines (16¢, 16/, 16g and 16/) that correspond to a row of pixels
including the pixels 103 and 107 and a row of pixels including
the pixels 104 and 108, scanning signal lines (16f and 16/)
that are not being selected simultaneously are each turned ON
and OFF. This causes the pixel electrodes 17fand 17E, each of
which is connected via a transistor to the scanning signal line
16f; and the pixel electrodes 17/ and 17G, each of which is
connected via a transistor to the scanning signal line 16/, to
be discharged.

[0089] Then, after the pre-charge period, data signals are
written to the pixel electrodes 17e¢ and 17F, each of which is
connected via a transistor to the scanning signal line 16e, and
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to the pixel electrodes 17g and 17H, each of which is con-
nected via a transistor to the scanning signal line 16g.

[0090] As aresult, (i) in the pixel 103, a subpixel including
the pixel electrode 17e serves as a light subpixel having a
positive polarity (M+) and a subpixel including the pixel
electrode 17f serves as a dark subpixel having a positive
polarity (K+), (ii) in the pixel 107, a subpixel including the
pixel electrode 17E serves as a dark subpixel having a nega-
tive polarity (K-) and a subpixel including the pixel electrode
17F serves as a light subpixel having a negative polarity (M-),
(iii) in the pixel 104, a subpixel including the pixel electrode
17g serves as a light subpixel having a negative polarity (M-)
and a subpixel including the pixel electrode 174 serves as a
dark subpixel having a negative polarity (K-) and (iv) in the
pixel 108, a subpixel including the pixel electrode 17G serves
as a dark subpixel having a positive polarity (K+) and a
subpixel including the pixel electrode 17H serves as a light
subpixel having a positive polarity (M+).

[0091] Further, as illustrated in FIGS. 1, 2 and 5, in the nth
horizontal scanning period in F2, during a pre-charge period
during which the scanning signal lines 165 and 16d are being
selected simultaneously, out of four scanning signal lines
(164, 165, 16¢ and 164) that correspond to the row of pixels
including the pixels 101 and 105 and the row of pixels includ-
ing the pixels 102 and 106, scanning signal lines (16a and
16¢) that are not being selected simultaneously are each
turned ON and OFF. This causes the pixel electrodes 17a and
17B, each of which is connected via a transistor to the scan-
ning signal line 164, and the pixel electrodes 17¢ and 17D,
each of which is connected via a transistor to the scanning
signal line 16¢, to be discharged.

[0092] Then, after the pre-charge period, data signals are
written to the pixel electrodes 175 and 17A, each of which is
connected via a transistor to the scanning signal line 165, and
to the pixel electrodes 174 and 17C, each of which is con-
nected via a transistor to the scanning signal line 164.

[0093] As aresult, (i) in the pixel 101, the subpixel includ-
ing the pixel electrode 17a serves as a dark subpixel having a
positive polarity (K+) and the subpixel including the pixel
electrode 175 serves as a light subpixel having a positive
polarity (M+), (ii) in the pixel 105, the subpixel including the
pixel electrode 17A serves as a light subpixel having a nega-
tive polarity (M-) and the subpixel including the pixel elec-
trode 17B serves as a dark subpixel having a negative polarity
(K-), (iii) in the pixel 102, the subpixel including the pixel
electrode 17¢ serves as a dark subpixel having a negative
polarity (K-) and the subpixel including the pixel electrode
17d serves as a light subpixel having a negative polarity (M-)
and (iv) in the pixel 106, the subpixel including the pixel
electrode 17C serves as a light subpixel having a positive
polarity (M+) and the subpixel including the pixel electrode
17D serves as a dark subpixel having a positive polarity (K+).

[0094] Further, as illustrated in FIGS. 1, 2 and 6, in the
(n+1)th horizontal scanning period in F2, during a pre-charge
period during which the scanning signal lines 16fand 16/ are
being selected simultaneously, out of four scanning signal
lines (16e, 16/, 16g and 16/) that correspond to the row of
pixels including the pixels 103 and 107 and the row of pixels
including the pixels 104 and 108, scanning signal lines (16e
and 16g) that are not being selected simultaneously are each
turned ON and OFF. This causes the pixel electrodes 17¢ and
17F, each of which is connected via a transistor to the scan-
ning signal line 16e, and the pixel electrodes 17g and 17H,
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each of which is connected via a transistor to the scanning
signal line 16g, to be discharged.

[0095] Then, after the pre-charge period, data signals are
written to the pixel electrodes 17fand 17E, each of which is
connected via a transistor to the scanning signal line 16, and
to the pixel electrodes 17/ and 17G, each of which is con-
nected via a transistor to the scanning signal line 16/.
[0096] As aresult, (i) in the pixel 103, the subpixel includ-
ing the pixel electrode 17e serves as a dark subpixel having a
positive polarity (K+) and the subpixel including the pixel
electrode 17f serves as a light subpixel having a positive
polarity (M+), (i) in the pixel 107, the subpixel including the
pixel electrode 17E serves as a light subpixel having a nega-
tive polarity (M-) and the subpixel including the pixel elec-
trode 17F serves as a dark subpixel having a negative polarity
(K-), (iii) in the pixel 104, the subpixel including the pixel
electrode 17g serves as a dark subpixel having a negative
polarity (K-) and the subpixel including the pixel electrode
17h serves as a light subpixel having a negative polarity (M-)
and (iv) in the pixel 108, the subpixel including the pixel
electrode 17G serves as a light subpixel having a positive
polarity (M+) and the subpixel including the pixel electrode
17H serves as a dark subpixel having a positive polarity (K+).
[0097] InF3andF4, polarities of data signals to be supplied
to the data signal lines are reversed, and the same scanning as
in F1 and F2 is repeated (refer to FIGS. 7 to 10).

[0098] A liquid crystal display device including the liquid
crystal panel 5a employs a capacitively-coupled type pixel-
division system, and is capable of writing data signals simul-
taneously to two rows of pixels. Therefore, the liquid crystal
display device is good in viewing angle characteristic, and is
capable of carrying out high-speed driving (e.g., double-
speed driving) at a rewriting frequency of 60 Hz or higher
while maintaining pixel charging periods.

[0099] Further, since two pixel electrodes included in a
pixel are each connected via a transistor to a data signal line
(that is, pixel electrodes do not electrically float), it is possible
to suppress image sticking in pixels etc. which has been a
problem for a capacitively-coupled type pixel-division sys-
tem. Moreover, since a single subpixel can serve as a light
subpixel and serve as a dark subpixel, itis possible to improve
viewing angle characteristic as compared to a liquid crystal
display device in which a single subpixel fixedly serves as a
light subpixel or a dark subpixel. For example, in a case of an
MVA liquid crystal display device, it is possible to form 4x2
(light, dark) domains for each subpixel from a time view-
point. Furthermore, in each frame, since one (a pixel elec-
trode corresponding to a dark subpixel) of two pixel elec-
trodes included in a pixel is discharged before a data signal is
written to the other one (a pixel electrode corresponding to a
light subpixel) of the two pixel electrodes, it is possible to
control luminance of light and dark subpixels appropriately
(i.e., without being affected by a data signal having been
written to the one of the two pixel electrodes in a previous
frame).

[0100] Further, since a light subpixel and a dark subpixel
are alternately arranged in the row direction and in the column
direction (i.e., light and dark subpixels are arranged checker-
wise) in each frame, it is possible to achieve a natural-looking
display with little feeling of roughness. Furthermore, since a
data signal supplied to a single data signal line has an identical
polarity over two vertical periods, it is possible to reduce
power consumption of a source driver as compared to a case
where a polarity of a data signal is reversed for every one (1)
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horizontal scanning period. Note that, since polarity distribu-
tion of data signals to be written in each frame is dot-reversed,
it is also possible to suppress flickers on a screen. Moreover,
since a pre-charge period is included in each horizontal scan-
ning period, it is possible to reduce variations in waveforms
and values of charging rates resulting from a gray scale in an
earlier frame (for example, in cases where a gray level O
changes to a gray level 100 and a gray level 100 changes to a
gray level 100 in a 256 gray scale display).

[0101] Further, according to the driving method shown in
FIG. 2, in an odd-numbered frame, (i) one of two scanning
signal lines that correspond to one of two rows of pixel areas
and (ii) one of two scanning signal lines that correspond to the
other one of the two rows of pixel areas are selected simulta-
neously; and in an even-numbered frame, (a) the other one of
the two scanning signal lines that correspond to said one of
the two rows of pixel areas and (b) the other one of the two
scanning signal lines that correspond to said other one of the
two rows of pixel areas are selected simultaneously, and a
polarity of a data signal supplied to an identical data signal
line is reversed for every one frame. Note, however, that this
does not imply any limitation. For example, as illustrated in
FIG. 11, in each of first two successive frames, (1) one of two
scanning signal lines that correspond to one of two rows of
pixel areas and (ii) one of two scanning signal lines that
correspond to the other one of the two rows of pixel areas may
be selected simultaneously; and in each of second two suc-
cessive frames subsequent to the first two successive frames,
(a) the other one of the two scanning signal lines that corre-
spond to said one of the two rows of pixel areas and (b) the
other one of the two scanning signal lines that correspond to
said other one of the two rows of pixel areas may be selected
simultaneously, and a polarity of a data signal supplied to an
identical data signal line may be reversed for every two
frames. In this case, a single subpixel switches between light
and dark for every two frames and reverses its polarity for
every one (I) frame.

[0102] Further, according to the driving methods shown in
FIGS. 2 and 11, during a pre-charge period during simulta-
neous selection, scanning signal lines, out of four scanning
signal lines that correspond to the two rows of pixel areas (to
which data signals are to be written simultaneously), that are
not being selected simultaneously are each turned ON and
OFF. However, this does not imply any limitation. For
example, as illustrated in FIG. 12, during a pre-charge period
that comes before a start of simultaneous selection, four scan-
ning signal lines that correspond to the two rows of pixel areas
(to which data signals are to be written simultaneously) are
each turned ON and OFF in synchronization with one
another. In such a case, the four scanning signal lines can be
turned ON and OFF in synchronization with one another %2 to
s vertical scanning period before the simultaneous selection.
This causes a black display in the two rows of pixel areas for
Y5 to Y5 vertical scanning period, and thus brings about an
effect of so-called black insertion. Accordingly, it is possible
to suppress a feeling that a moving image etc. leaves trails.

[0103] FIG. 13 is a plan view illustrating an example of a
configuration of part of the liquid crystal panel Sa shown in
FIG.1.As illustrated in FIG. 13, in the liquid crystal panel 5a,
the scanning signal lines 16a to 164 each extending in the row
direction are arranged in this order, and the data signal lines
15x, 15y, 15x and 15Y each extending in the column direction
are arranged in this order. When viewed from above, the pixel
electrodes 17a and 175 are arranged in the column direction
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in an area defined by the scanning signal lines 16a and 165
and the data signal lines 15x and 15y, the pixel electrodes 17A
and 17B are arranged in the column direction in an area
defined by the scanning signal lines 16a and 165 and the data
signal lines 15x and 15Y, the pixel electrodes 17¢ and 17d are
arranged in the column direction in an area defined by the
scanning signal lines 16¢ and 164 and the data signal lines 15x
and 15y, and the pixel electrodes 17C and 17D are arranged in
the column direction in an area defined by the scanning signal
lines 16¢ and 16d and the data signal lines 15x and 15Y.
Further, a retention capacitor wire 18p is provided between
the scanning signal lines 16a and 165, and a retention capaci-
tor wire 18¢ is provided between the scanning signal lines 16¢
and 16d.

[0104] Note that, the scanning signal line 16a serves as a
gate electrode of each of the transistors 12a and 12A, the
scanning signal line 165 serves as a gate electrode of each of
the transistors 1256 and 12B, the scanning signal line 16¢
serves as a gate electrode of each of the transistors 12¢ and
12C, and the scanning signal line 16d serves as a gate elec-
trode of each of the transistors 12d and 12D. Further, a source
electrode of each of the transistors 12a and 125 is connected
to the data signal line 15x, a source electrode of each of the
transistors 12¢ and 124 is connected to the data signal line
15y, asource electrode of each of the transistors 12A and 12B
is connected to the data signal line 15x, and a source electrode
of'each of the transistors 12C and 12D is connected to the data
signal line 15Y.

[0105] Further, a drain electrode 9a of the transistor 12a is
connected to a capacitor electrode 37a, the capacitor elec-
trode 37a and the pixel electrode 17a are connected to each
other via a contact hole 114, and the capacitor electrode 37a
has a part that overlaps the retention capacitor wire 18p via a
gateinsulation film and a part that overlaps the pixel electrode
1754 via an inter-layer insulation film. It should be noted that
a border between the drain electrode 9a and the capacitor
electrode 374 lies above an edge of the scanning signal line
16a. On the other hand, a drain electrode 95 of the transistor
125 is connected to a capacitor electrode 375, the capacitor
electrode 375 and the pixel electrode 175 are connected to
each other via a contact hole 115, and the capacitor electrode
37b has a part that overlaps the retention capacitor wire 18p
via a gate insulation film and a part that overlaps the pixel
electrode 174 via an inter-layer insulation film. It should be
noted that a border between the drain electrode 95 and the
capacitor electrode 375 lies above an edge of the scanning
signal line 165.

[0106] Itshould benoted here thata coupling capacitor Cab
(refer to FIG. 1) is formed in a part where the capacitor
electrode 37a and the pixel electrode 175 overlap each other
and in a part where the capacitor electrode 375 and the pixel
electrode 17a overlap each other, most of a retention capaci-
tor Cha (refer to FIG. 1) is formed in a part where the capaci-
tor electrode 374 and the retention capacitor wire 18p overlap
each other, and most of a retention capacitor Chb (refer to
FIG. 1) is formed in a part where the capacitor electrode 375
and the retention capacitor wire 18p overlap each other. Since
a capacitor formed in the part where the capacitor electrode
37a and the pixel electrode 175 overlap each other and a
capacitor formed in the part where the capacitor electrode 375
and the pixel electrode 17a overlap each other are connected
in parallel to each other like above, it is possible to increase
the value of the coupling capacitor Cab.
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[0107] Further, the capacitor electrode 37a and the capaci-
tor electrode 374 are arranged symmetrically with respect to
apoint at the center of a pixel, and the drain electrodes 9a and
9b are arranged such that the area of the drain electrode 9a and
the area of the drain electrode 95 are equal to each other. This
makes it possible to carry out an identical display in (i) a
frame during which the subpixel including the pixel electrode
17a serves as a light subpixel and the subpixel including the
pixel electrode 175 serves as a dark subpixel and (ii) a frame
during which the subpixel including the pixel electrode 17a
serves as a dark subpixel and the subpixel including the pixel
electrode 175 serves as a light subpixel.

[0108] Further, a drain electrode 9A of the transistor 12A is
connected to a capacitor electrode 37A, the capacitor elec-
trode 37A and the pixel electrode 17B are connected to each
other via a contact hole 11A, and the capacitor electrode 37A
has a part that overlaps the retention capacitor wire 18p via a
gate insulation film and a part that overlaps the pixel electrode
17A via an inter-layer insulation film. It should be noted that
a border between the drain electrode 9A and the capacitor
electrode 37A lies above an edge of the scanning signal line
16a. On the other hand, a drain electrode 9B of the transistor
12B is connected to a capacitor electrode 37B, the capacitor
electrode 37B and the pixel electrode 17A are connected to
each other via a contact hole 11B, and the capacitor electrode
37B has a part that overlaps the retention capacitor wire 18p
via a gate insulation film and a part that overlaps the pixel
electrode 17B via an inter-layer insulation film. It should be
noted that a border between the drain electrode 9B and the
capacitor electrode 37B lies above an edge of the scanning
signal line 164.

[0109] It should be noted here that a coupling capacitor
CAB (refer to FIG. 1) is formed in a part where the capacitor
electrode 37A and the pixel electrode 17 A overlap each other
and in a part where the capacitor electrode 37B and the pixel
electrode 17B overlap each other, most of a retention capaci-
tor ChA (refer to FIG. 1) is formed in a part where the
capacitor electrode 37B and the retention capacitor wire 18p
overlap each other, and most of a retention capacitor ChB
(refer to FIG. 1) is formed in a part where the capacitor
electrode 37A and the retention capacitor wire 18p overlap
each other. Since a capacitor formed in the part where the
capacitor electrode 37A and the pixel electrode 17A overlap
each other and a capacitor formed in the part where the
capacitor electrode 37B and the pixel electrode 17B overlap
each other are connected in parallel to each other like above,
it is possible to increase a value of the coupling capacitor
CAB.

[0110] Further, the capacitor electrode 37 A and the capaci-
tor electrode 37B are arranged symmetrically with respect to
apoint at the center ofa pixel, and the drain electrodes 9A and
9B are arranged such that the area of the drain electrode 9A
and the area of the drain electrode 9B are equal to each other.
This makes it possible to carry out an identical display in (i)
a frame during which the subpixel including the pixel elec-
trode 17A serves as a light subpixel and the subpixel includ-
ing the pixel electrode 17B serves as a dark subpixel and (ii)
a frame during which the subpixel including the pixel elec-
trode 17A serves as a dark subpixel and the subpixel includ-
ing the pixel electrode 17B serves as a light subpixel.

[0111] FIG. 14 is a cross-sectional view taken along line
A-B in FIG. 13. As illustrated in FIG. 14, the liquid crystal
panel 5a includes an active matrix substrate 3, a color filter
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substrate 30 facing the active matrix substrate 3, and a liquid
crystal layer 40 provided between these substrates (3 and 30).

[0112] The active matrix substrate 3 is constituted by a
glass substrate 31, the scanning signal lines 164 and 165 and
the retention capacitor wire 18p which are provided on the
glass substrate 31, and a gate insulation film 22 which is
provided so as to cover the scanning signal lines 16a and 165
and the retention capacitor wire 18p. On the gate insulation
film 22, a semiconductor layer 24 (i layer and n+ layer), a
source electrode 8a in contact with the n+ layer, the drain
electrodes 9a and 94, and the capacitor electrode 37a are
provided, and an inter-layer insulation film 51 is provided so
as to cover these layer and electrodes. On the inter-layer
insulation film 51, the pixel electrodes 17a and 175 are pro-
vided, and an alignment film (not illustrated) is further pro-
vided so as to cover these electrodes (pixel electrodes 17a and
17b). Note here that, the inter-layer insulation film 51 is
hollowed out to have the contact hole 114, via which the pixel
electrode 17a and the capacitor electrode 37a are connected
to each other. Further, an end portion of the capacitor elec-
trode 37a overlaps the pixel electrode 175 via the inter-layer
insulation film 51 so as to form part of the coupling capacitor
Cab (refer to FIG. 1). Further, an end portion of the capacitor
electrode 37a overlaps the retention capacitor wire 18p via
the gate insulation film 22 so as to form part of the retention
capacitor Cha (refer to FIG. 1).

[0113] On the other hand, the color filter substrate 30 is
constituted by: a glass substrate 32; a black matrix 13 and a
colored layer 14 which are provided on the glass substrate 32;
a common electrode (com) 28 which is provided on the black
matrix 13 and the colored layer 14; and an alignment film (not
illustrated) provided so as to cover the common electrode 28.

[0114] The following description discusses a method of
producing a liquid crystal panel of the present embodiment.
The method of producing the liquid crystal panel includes a
step of producing an active matrix substrate, a step of produc-
ing a color filter substrate, and an assembling step for bonding
these substrates and filling it with liquid crystal.

[0115] First, a film (1000 A to 3000 A in thickness) such as
a metal film made of titanium, chromium, aluminum, molyb-
denum, tantalum, tungsten, copper or the like, a film of an
alloy of any of these metals, or a film stack of any of these
metals is formed by sputtering on a substrate made of glass or
plastic etc. After that, the film is patterned by photolithogra-
phy (Photo Engraving Process, note that this process includes
an etching process and is hereinafter referred to as “PEP”) to
form scanning signal lines (gate electrode of each transistor)
and retention capacitor wires.

[0116] Next, on an entire substrate on which the scanning
signal lines have been formed, an inorganic insulation film
(approximately 3000 A to 5000 A in thickness) made of for
example silicon nitride or silicon oxide is formed by CVD
(Chemical Vapor Deposition) and a photoresist is removed to
form a gate insulation film.

[0117] Subsequently, on the gate insulation film (entire
substrate), an intrinsic amorphous silicon film (1000 A to
3000 A in thickness) and an n+ amorphous silicon film (400
A to 700 A in thickness) to which phosphorus is added are
sequentially formed by CVD. After that, the films are pat-
terned by PEP and a photoresist is removed to form, on the
gate electrode, an island-shaped silicon stack made of an
intrinsic amorphous silicon layer and n+ amorphous silicon
layer.
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[0118] Subsequently, on the entire substrate on which the
silicon stack has been formed, a film (1000 A to 3000 A in
thickness) such as a metal film made of titanium, chromium,
aluminum, molybdenum, tantalum, tungsten, copper or the
like, a film of alloy of any of these metals, or a film stack of
any of these metals is formed by sputtering. After that, the
film is patterned by PEP to form data signal lines, source and
drain electrodes of each transistor, and capacitor electrodes
(to form a metal layer). In this process, a resist is removed if
needed.

[0119] Further, (i) the n+ amorphous silicon layer which
constitutes the silicon stack is etched and removed by using as
a mask the photoresist used in forming the foregoing metal
wires or by using as a mask the source electrodes and drain
electrodes and (ii) the photoresist is removed, thereby a chan-
nel of each transistor is formed. Note here that, although a
semiconductor layer can be formed from the amorphous sili-
con film like above, a polysilicon film can be formed and/or
laser annealing can be carried out with respect to the amor-
phous silicon film and the polysilicon film to improve crys-
tallinity. This allows electrons to move faster in the semicon-
ductor layer, and thus makes it possible to improve
characteristics of each transistor (TFT).

[0120] Next, an inter-layer insulation film is formed on the
entire substrate on which the data signal lines etc. have been
formed. Specifically, with use of a mixed gas made up of SiH,
gas, NH; gas and N, gas, an inorganic insulation film (passi-
vation film) made of SiNx approximately 3000 A thick is
formed by CVD so as to cover an entire surface of the sub-
strate.

[0121] After that, the inter-layer insulation film is etched
and removed by PEP to make a contact hole.

[0122] Subsequently, a transparent conductive film (1000
A 10 2000 A in thickness) made of ITO (Indium Tin Oxide),
170 (Indium Zinc Oxide), zinc oxide, and/or tin oxide etc. is
formed by sputtering on the entire substrate, which has
thereon the inter-layer insulation film in which the contact
hole has been made. After that, the transparent conductive
film is patterned by PEP and a resist is removed to thereby
form each pixel electrode.

[0123] Lastly, polyimide resin is printed so as to be 500 A
to 1000 A in thickness on the entire substrate on which the
pixel electrodes have been formed. After that, the polyimide
resin is baked and subjected to rubbing in a single direction
with a rotating cloth to form an alignment film. In this way, the
active matrix substrate is produced.

[0124] The following description discusses the step of pro-
ducing a color filter substrate.

[0125] First, a chrome thin film or a film of resin containing
a black pigment is formed on a substrate (entire substrate)
made of glass or plastic etc. After that, the film is patterned by
PEP to from a black matrix. Next, patterns of a color filter
layer (approximately 2 um in thickness) of red, green and blue
are formed in gaps in the black matrix by for example a
pigment dispersion method.

[0126] Subsequently, a transparent conductive film (ap-
proximately 1000 A in thickness) made of ITO, 1ZO, zinc
oxide, and/or tin oxide etc. is formed on the entire substrate on
which the color filter layer has been formed. In this way, a
common electrode (com) is formed.

[0127] Lastly, polyimide resin is printed so as to be 500 A
to 1000 A in thickness on the entire substrate on which the
common electrode has been formed. After that, the polyimide
resin is baked and subjected to rubbing in a single direction
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witharotating cloth to form an alignment film. In this way, the
color filter substrate can be produced.

[0128] The following description discusses the assembling
step.
[0129] First, a sealing material made of thermosetting

epoxy resin etc. is applied by screen printing to one of the
active matrix and color filter substrates so as to be in the form
of a frame that lacks a portion for injection of liquid crystal.
To the other one of these substrates, spherical spacers made of
plastic or silica and each having a diameter equivalent to the
thickness of a liquid crystal layer are dispersed. Note that,
instead of being dispersed, spacers can be formed on BM of a
CF substrate or on the metal wires of the active matrix sub-
strate by PEP.

[0130] Next, the active matrix substrate and the color filter
substrate are bonded together, and the sealing material is
cured.

[0131] Lastly, aliquid crystal material is injected by a pres-
sure reduction method into a space enclosed by the active
matrix substrate, the color filter substrate and the sealing
material. After that, UV-curable resin is applied to the portion
for injection of liquid crystal, and is subjected to UV irradia-
tion to seal the liquid crystal material and to thereby form the
liquid crystal layer. In this way, the liquid crystal panel is
produced.

[0132] It should be noted that, in a case of an MVA (multi
domain vertical alignment) liquid crystal panel, for example,
a slit for controlling orientation is provided to each pixel
electrode of the active matrix substrate and a rib (liner pro-
trusion) for controlling orientation is provided to the color
filter substrate. Note that, instead of the rib, a slit for control-
ling orientation can be provided to the common electrode of
the color filter substrate.

[0133] Itshould be noted that the inter-layer insulation film
(channel protection film) of the active matrix substrate can be
constituted by an inorganic insulation film 25 and an organic
insulation film 26 (see FIG. 15). This reduces various para-
sitic capacitances and prevents a short circuit between wires.
It is preferable in the organic insulation film 26 that a part
where the capacitor electrode 374 and the pixel electrode 175
overlap each other be hollowed out as shown in FIG. 15 or be
made so as to be thinner than its surroundings. This makes it
possible to increase a capacitance value of the coupling
capacitor Cab (refer to FIG. 1). In a case where the inter-layer
insulation film is formed so as to be thick like above, it is also
possible to cause edge portions of each pixel electrode to
overlap data signal lines and scanning signal lines (see FIG.
16) to improve aperture ratio. Further, in the configuration
shown in FIG. 16, an intermediate wire to be supplied with a
signal other than a data signal can be provided in (in the same
layer as the data signal lines) or above (in the same layer as the
pixel electrodes) a gap between two adjacent data signal lines
that correspond to respective different columns of pixel areas.
Forexample, as illustrated in FIG. 17, an intermediate wire 66
is provided in a gap between the data signal lines 15y and 15x
(refer to FIG. 18, which is a cross-sectional view of FIG. 17).
This makes it possible to suppress for example cross talk
between the data signal line 15x and the pixel electrode 17a
and cross talk between the data signal line 15y and the pixel
electrode 17A.

[0134] FIG. 19 is a circuit diagram illustrating a configu-
ration of a liquid crystal panel 55 of the present embodiment.
The liquid crystal panel 54 is different from the liquid crystal
panel 5a (refer to FIG. 1) in that (i) a transistor electrically
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connected to one of two pixel electrodes adjacent to each
other in the row direction in a single row of pixels and (ii) a
transistor electrically connected to the other one of the two
pixel electrodes are connected to an identical scanning signal
line.

[0135] For example, in the pixel 105 which is adjacent to
the pixel 101 in the row direction, the two pixel electrodes
17A and 17B which are connected to each other via the
capacitor CAB are arranged in the column direction, the drain
electrode of the transistor 12A which is connected to the
scanning signal line 16a is connected to the pixel electrode
17A which is adjacent to the pixel electrode 174 in the row
direction, the drain electrode of the transistor 12B which is
connected to the scanning signal line 165 is connected to the
pixel electrode 17B which is adjacent to the pixel electrode
175 in the row direction, and the source electrode of each of
the transistors 12A and 12B is electrically connected to an
identical data signal line, i.e., the data signal line 15x.
[0136] Further, in the pixel 106 which is adjacent to the
pixel 102 in the row direction, the two pixel electrodes 17C
and 17D which are connected to each other via the capacitor
CCD are arranged in the column direction, the drain electrode
of the transistor 12C which is connected to the scanning
signal line 16¢ is connected to the pixel electrode 17C which
is adjacent to the pixel electrode 17¢ in the row direction, the
drain electrode of the transistor 12D which is connected to the
scanning signal line 164 is connected to the pixel electrode
17D which is adjacent to the pixel electrode 174 in the row
direction, and the source electrode of each of the transistors
12C and 12D is electrically connected to an identical data
signal line, i.e., the data signal line 15Y.

[0137] FIG. 20 is a timing chat illustrating a method of
driving the liquid crystal panel 55. In FIG. 20, 15x, 15y, 15X
and 15Y denote data signals supplied to the data signal lines
15x, 15y, 15x and 15Y, respectively, sh denotes a signal that
defines a pre-charge period, 16a to 16/ denote signals (active
High) supplied to the scanning signal lines 16a to 16/, respec-
tively, and 17a to 17d, and 17A and 17B denote electric
potentials of the pixel electrodes 17a to 17d, and 17A and
17B, respectively. The liquid crystal panel 55 is driven in the
same manner as in the liquid crystal panel Sa except that,
when the liquid crystal panel 55 is being driven, (i) a subpixel
including one of two pixel electrodes adjacent to each other in
the row direction in a single row of pixels and (ii) a subpixel
including the other one of the two pixel electrodes both serve
as light subpixels or both serve as dark subpixels.

[0138] FIG. 21 is a plan view illustrating a specific example
of'the liquid crystal panel 56 shown in FIG. 17. The configu-
rations of each data signal line, each scanning signal line and
each retention capacitor wire and each transistor in FIG. 21
are the same as those in FIG. 13. The drain electrode 9a of the
transistor 12a is connected to the capacitor electrode 37a, the
capacitor electrode 37a and the pixel electrode 17a are con-
nected to each other via the contact hole 11a, and the capaci-
tor electrode 37a has a part that overlaps the retention capaci-
tor wire 18p via a gate insulation film and a part that overlaps
the pixel electrode 175 via an inter-layer insulation film. Note
that a border between the drain electrode 9a and the capacitor
electrode 37a lies above an edge of the scanning signal line
16a. On the other hand, the drain electrode 956 of the transistor
125 is connected to the capacitor electrode 375, the capacitor
electrode 375 and the pixel electrode 175 are connected to
each other via the contact hole 115, and the capacitor elec-
trode 375 has a part that overlaps the retention capacitor wire
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18p via a gate insulation film and a part that overlaps the pixel
electrode 17a via an inter-layer insulation film. Note that a
border between the drain electrode 96 and the capacitor elec-
trode 375 lies above an edge of the scanning signal line 164.
Further, the capacitor electrode 37a and the capacitor elec-
trode 37b are arranged symmetrically with respect to a point
at the center of a pixel, and the drain electrodes 9a and 95 are
arranged such that the area of the drain electrode 9a and the
area of the drain electrode 94 are equal to each other.

[0139] Further, the drain electrode 9A of the transistor 12A
is connected to the capacitor electrode 37A, the capacitor
electrode 37A and the pixel electrode 17A are connected to
each other via the contact hole 11A, and the capacitor elec-
trode 37A has a part that overlaps the retention capacitor wire
18p via a gate insulation film and a part that overlaps the pixel
electrode 17B via an inter-layer insulation film. Note that a
border between the drain electrode 9A and the capacitor
electrode 37A lies above an edge of the scanning signal line
16a. On the other hand, the drain electrode 9B of the transistor
12B is connected to the capacitor electrode 37B, the capacitor
electrode 37B and the pixel electrode 17B are connected to
each other via the contact hole 11B, and the capacitor elec-
trode 37B has a part that overlaps the retention capacitor wire
18p via a gate insulation film and a part that overlaps the pixel
electrode 17A via an inter-layer insulation film. Note that a
border between the drain electrode 9B and the capacitor elec-
trode 37B lies above an edge of the scanning signal line 164.
Further, the capacitor electrode 37A and the capacitor elec-
trode 37B are arranged symmetrically with respect to a point
at the center of a pixel, and the drain electrodes 9A and 9B are
arranged such that the area of the drain electrode 9A and the
area of the drain electrode 9B are equal to each other.

[0140] FIG. 22 is a plan view illustrating another specific
example of the liquid crystal panel 56 shown in FIG. 19. The
configurations of each data signal line, each scanning signal
line, each retention capacitor wire and each transistor in FIG.
20 are the same as those in FIG. 13. The drain electrode 9a of
the transistor 12a is connected to the pixel electrode 17a via
a drain extraction electrode and the contact hole 11a, and the
capacitor electrode 37a connected via a contact hole 41a to
the pixel electrode 174 has a part that overlaps the retention
capacitor wire 18p via a gate insulation film and a part that
overlaps the pixel electrode 175 via an inter-layer insulation
film. Further, the drain electrode 94 of the transistor 125 is
connected to the pixel electrode 175 via a drain extraction
electrode and the contact hole 115, and the capacitor elec-
trode 37b connected via a contact hole 415 to the pixel elec-
trode 175 has a part that overlaps the retention capacitor wire
18p via a gate insulation film and a part that overlaps the pixel
electrode 17a via an inter-layer insulation film.

[0141] Itshould benoted here thata coupling capacitor Cab
(refer to FIG. 19) is formed in a part where the capacitor
electrode 374 and the pixel electrode 175 overlap each other
and in a part where the capacitor electrode 375 and the pixel
electrode 17a overlap each other, a retention capacitor Cha
(refer to FIG. 19) is formed in a part where the capacitor
electrode 37a and the retention capacitor wire 18p overlap
each other, and a retention capacitor Chb (refer to FIG. 19) is
formed in a part where the capacitor electrode 376 and the
retention capacitor wire 18p overlap each other. Since a
capacitor formed in the part where the capacitor electrode 37a
and the pixel electrode 1756 overlap each other and a capacitor
formed in the part where the capacitor electrode 375 and the
pixel electrode 17a overlap each other are connected in par-
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allel to each other like above, it is possible to increase a value
of the coupling capacitor Cab.

[0142] Further, the capacitor electrode 37a and the capaci-
tor electrode 37b are arranged symmetrically with respect to
apoint at the center of a pixel, and the drain electrodes 9a and
95 are arranged such that the area of the drain electrode 9a and
the area of the drain electrode 95 are equal to each other. This
makes it possible to carry out an identical display in (i) a
frame during which the subpixel including the pixel electrode
17a serves as a light subpixel and the subpixel including the
pixel electrode 175 serves as a dark subpixel and (ii) a frame
during which the subpixel including the pixel electrode 17a
serves as a dark subpixel and the subpixel including the pixel
electrode 175 serves as a light subpixel.

[0143] Further, the drain electrode 9A of the transistor 12A
is connected to the pixel electrode 17A via a drain extraction
electrode and the contact hole 11A, and the capacitor elec-
trode 37A connected via a contact hole 41A to the pixel
electrode 17 A has a part that overlaps the retention capacitor
wire 18p via a gate insulation film and a part that overlaps the
pixel electrode 17B via an inter-layer insulation film. Further,
the drain electrode 9B of'the transistor 12B is connected to the
pixel electrode 17B via a drain extraction electrode and the
contact hole 11B, and the capacitor electrode 37B connected
via a contact hole 41B to the pixel electrode 17B has a part
that overlaps the retention capacitor wire 18p via a gate insu-
lation film and a part that overlaps the pixel electrode 17A via
an inter-layer insulation film.

[0144] It should be noted here that a coupling capacitor
CAB (refer to FIG. 19) is formed in a part where the capacitor
electrode 37A and the pixel electrode 17B overlap each other
and in a part where the capacitor electrode 37B and the pixel
electrode 17A overlap each other, a retention capacitor ChA
(refer to FIG. 19) is formed in a part where the capacitor
electrode 37A and the retention capacitor wire 18p overlap
each other, and a retention capacitor ChB (refer to FIG.19)is
formed in a part where the capacitor electrode 37B and the
retention capacitor wire 18p overlap each other. Since a
capacitor formed in the part where the capacitor electrode
37A and the pixel electrode 17B overlap each other and a
capacitor formed in the part where the capacitor electrode
37B and the pixel electrode 17A overlap each other are con-
nected in parallel to each other like above, it is possible to
increase a value of the coupling capacitor CAB.

[0145] Further, the capacitor electrode 37 A and the capaci-
tor electrode 37B are arranged symmetrically with respect to
apoint at the center ofa pixel, and the drain electrodes 9A and
9B are arranged such that the area of the drain electrode 9A
and the area of the drain electrode 9B are equal to each other.
This makes it possible to carry out an identical display in (i)
a frame during which the subpixel including the pixel elec-
trode 17 A serves as a light subpixel and the subpixel includ-
ing the pixel electrode 17B serves as a dark subpixel and (ii)
a frame during which the subpixel including the pixel elec-
trode 17A serves as a dark subpixel and the subpixel includ-
ing the pixel electrode 17B serves as a light subpixel.

Embodiment 2

[0146] InEmbodiment 2, the liquid crystal panel 5a shown
in FIG. 1 is driven in such a manner as shown in FIG. 23. In
FIG. 23, 15x, 15y, 15X and 15Y denote data signals supplied
to the data signal lines 15x, 15y, 15x and 15 Y, respectively, sh
denotes a signal that defines a pre-charge period, 16a to 164
denote signals (active High) supplied to the scanning signal
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lines 16a to 164, respectively, and 17a to 17d, and 17A and
17B denote electric potentials of the pixel electrodes 17a to
17d, and 17A and 17B, respectively. Further, FIGS. 24 and 25
each describe a driving in f1 (first frame) in FIG. 23, and
FIGS. 26 and 27 each describe a driving in 2 (second frame)
in FIG. 23.

[0147] According to the driving method shown in FIG. 23,
in each frame, (i) one of two scanning signal lines that corre-
spond to one of two adjacent rows of pixels and (ii) one of two
scanning signal lines that correspond to the other one of the
two adjacent rows of pixels are selected simultaneously (the
same two scanning signal lines are selected in each frame) so
that data signals are written simultaneously to the two rows of
pixels. In this case, light and dark of each subpixel are not
switched.

[0148] Further, (i) a data signal line connected via a tran-
sistor to each of pixel electrodes included in one of two pixels
adjacent to each other in the column direction and (ii) a data
signal line connected via a transistor to each of pixel elec-
trodes included in the other one of the two pixels are supplied
with data signals having respective opposite polarities.

[0149] Forexample, in f1, the data signal line 15x, which is
connected via the respective transistors (12a and 125) to the
pixel electrodes (17a and 175) included in the pixel 101, is
supplied with a data signal having a positive polarity, and the
data signal line 15y, which is connected via the respective
transistors (12¢ and 12d) to the pixel electrodes (17¢ and 17d)
included in the pixel 102 adjacent to the pixel 101 in the
column direction, is supplied with a data signal having a
negative polarity.

[0150] Further, (i) a data signal line connected via a tran-
sistor to each of pixel electrodes included in one of two pixels
adjacent to each other in the row direction and (ii) a data
signal line connected via a transistor to each of pixel elec-
trodes included in the other one of the two pixels are supplied
with data signals having respective opposite polarities.

[0151] For example, the data signal line 15x, which is con-
nected via the respective transistors (12a and 125) to the pixel
electrodes (17a and 17b) included in the pixel 101, is supplied
with a data signal having a positive polarity, and the data
signal line 15x, which is connected via the respective transis-
tors (12A and 12B) to the pixel electrodes (17A and 17B)
included in the pixel 105 adjacent to the pixel 101 in the row
direction, is supplied with a data signal having a negative
polarity.

[0152] Further, a polarity of a data signal that is supplied to
anidentical data signal line is reversed for every one (I) frame.
That is, a polarity of each pixel is reversed for every one (I)
frame.

[0153] Forexample, in {1, the data signal lines 15xand 15Y
are each supplied with a data signal having a positive polarity
and the data signal lines 15y and 15x are each supplied with a
data signal having a negative polarity, and, in {2, the data
signal lines 15x and 15Y are each supplied with a data signal
having a negative polarity and the data signal lines 15y and
15x are each supplied with a data signal having a positive
polarity.

[0154] Further, each horizontal scanning period includes a
pre-charge period during which a certain electric potential
(here, a common electrode electric potential VC) is supplied
to each data signal line. During a pre-charge period during
simultaneous selection, scanning signal lines, out of four
scanning signal lines that correspond to the two rows of pixel
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areas (to which data signals are to be written simultaneously),
that are not being selected simultaneously are each turned ON
and OFF.

[0155] For example, as illustrated in FIGS. 22 to 24, in the
nth horizontal scanning period in fl, during a pre-charge
period during which the scanning signal lines 16a and 16¢ are
being selected simultaneously, out of four scanning signal
lines (164, 165, 16¢ and 16d) that correspond to the row of
pixels including the pixels 101 and 105 and the row of pixels
including the pixels 102 and 106, scanning signal lines (165
and 164) that are not being selected simultaneously are each
turned ON and OFF (i.e., caused to be active and thereafter
caused to be inactive). This causes the pixel electrodes 176
and 17A, each of which is connected via a transistor to the
scanning signal line 165, and the pixel electrodes 17d and
17C, each of which is connected via a transistor to the scan-
ning signal line 164, to be discharged.

[0156] Then, after the pre-charge period, data signals are
written to the pixel electrodes 174 and 17B, each of which is
connected via a transistor to the scanning signal line 16a, and
to the pixel electrodes 17¢ and 17D, each of which is con-
nected via a transistor to the scanning signal line 16¢.
[0157] As aresult, (i) in the pixel 101, the subpixel includ-
ing the pixel electrode 17a serves as a light subpixel having a
positive polarity (M+) and the subpixel including the pixel
electrode 175 serves as a dark subpixel having a positive
polarity (A+), (ii) in the pixel 105, the subpixel including the
pixel electrode 17A serves as a dark subpixel having a nega-
tive polarity (A-) and the subpixel including the pixel elec-
trode 17B serves as a light subpixel having a negative polarity
(M-), (iii) in the pixel 102, the subpixel including the pixel
electrode 17¢ serves as a light subpixel having a negative
polarity (M-) and the subpixel including the pixel electrode
17d serves as a dark subpixel having a negative polarity (A-)
and (iv) in the pixel 106, the subpixel including the pixel
electrode 17C serves as a dark subpixel having a positive
polarity (A+) and the subpixel including the pixel electrode
17D serves as a light subpixel having a positive polarity (M+).
[0158] Further, as illustrated in FIGS. 22, 23 and 25, in the
(n+1)th horizontal scanning period in f1, during a pre-charge
period during which the scanning signal lines 16e and 16g are
being selected simultaneously, out of four scanning signal
lines (16e, 16/, 16g and 16/) that correspond to the row of
pixels including the pixels 103 and 107 and the row of pixels
including the pixels 104 and 108, scanning signal lines (16f
and 16/) that are not being selected simultaneously are each
turned ON and OFF. This causes the pixel electrodes 17fand
17E, each of which is connected via a transistor to the scan-
ning signal line 16/, and the pixel electrodes 17/ and 17G,
each of which is connected via a transistor to the scanning
signal line 16/, to be discharged.

[0159] Then, after the pre-charge period, data signals are
written to the pixel electrodes 17e and 17F, each of which is
connected via a transistor to the scanning signal line 16e, and
to the pixel electrodes 17g and 17H, each of which is con-
nected via a transistor to the scanning signal line 16g.
[0160] As aresult, (i) in the pixel 103, the subpixel includ-
ing the pixel electrode 17¢ serves as a light subpixel having a
positive polarity (M+) and the subpixel including the pixel
electrode 17f serves as a dark subpixel having a positive
polarity (A+), (ii) in the pixel 107, the subpixel including the
pixel electrode 17E serves as a dark subpixel having a nega-
tive polarity (A-) and the subpixel including the pixel elec-
trode 17F serves as a light subpixel having a negative polarity
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(M-), (iii) in the pixel 104, the subpixel including the pixel
electrode 17g serves as a light subpixel having a negative
polarity (M-) and the subpixel including the pixel electrode
17h serves as a dark subpixel having a negative polarity (A-)
and (iv) in the pixel 108, the subpixel including the pixel
electrode 17G serves as a dark subpixel having a positive
polarity (A+) and the subpixel including the pixel electrode
17H serves as a light subpixel having a positive polarity (M+).
[0161] In f2, polarities of data signals to be supplied to the
data signal lines are reversed, and the same scanning as in {1
is repeated.

[0162] Specifically, as illustrated in FIGS. 22, 23 and 26, in
the nth horizontal scanning period in f2, during a pre-charge
period during which the scanning signal lines 16a and 16¢ are
being selected simultaneously, out of four scanning signal
lines (164, 165, 16¢ and 164) that correspond to the row of
pixels including the pixels 101 and 105 and the row of pixels
including the pixels 102 and 106, scanning signal lines (165
and 164) that are not being selected simultaneously are each
turned ON and OFF (i.e., caused to be active and thereafter
caused to be inactive). This causes the pixel electrodes 175
and 17A, each of which is connected via a transistor to the
scanning signal line 165, and the pixel electrodes 174 and
17C, each of which is connected via a transistor to the scan-
ning signal line 164, to be discharged.

[0163] Then, after the pre-charge period, data signals are
written to the pixel electrodes 17a and 17B, each of which is
connected via a transistor to the scanning signal line 164, and
to the pixel electrodes 17¢ and 17D, each of which is con-
nected via a transistor to the scanning signal line 16¢.
[0164] Further, as illustrated in FIGS. 22, 23 and 27, in the
(n+1)th horizontal scanning period in 2, during a pre-charge
period during which the scanning signal lines 16e and 16g are
being selected simultaneously, out of four scanning signal
lines (16e, 16/, 16g and 16/) that correspond to the row of
pixels including the pixels 103 and 107 and the row of pixels
including the pixels 104 and 108, scanning signal lines (16/
and 16/) that are not being selected simultaneously are each
turned ON and OFF. This causes the pixel electrodes 17fand
17E, each of which is connected via a transistor to the scan-
ning signal line 16f; and the pixel electrodes 17/ and 17G,
each of which is connected via a transistor to the scanning
signal line 16/, to be discharged.

[0165] Then, after the pre-charge period, data signals are
written to the pixel electrodes 17¢ and 17F, each of which is
connected via a transistor to the scanning signal line 16e, and
to the pixel electrodes 17g and 17H, each of which is con-
nected via a transistor to the scanning signal line 16g.
[0166] Also in Embodiment 2, since two pixel electrodes
included in a pixel are each connected via a transistor to a data
signal line (that is, pixel electrodes do not electrically float),
it is possible to suppress image sticking in pixels etc. which
has been a problem for a capacitively-coupled type pixel-
division system.

[0167] Further, since a light subpixel and a dark subpixel
are alternately arranged in the row direction and in the column
direction (i.e., light and dark subpixels are arranged checker-
wise) in each frame, it is possible to achieve a natural-looking
display with little feeling of roughness. Furthermore, since a
data signal supplied to a single data signal line has an identical
polarity over two vertical periods, it is possible to reduce
power consumption of a source driver as compared to a case
where a polarity of a data signal is reversed for every one (1)
horizontal scanning period. Note that, since polarity distribu-
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tion of data signals to be written in each frame is dot-reversed,
it is also possible to suppress flickers on a screen. Moreover,
since a pre-charge period is included in each horizontal scan-
ning period, it is possible to reduce variations in waveforms
and values of charging rates resulting from a gray scale in an
earlier frame (for example, in cases where a gray level 0
changes to a gray level 100 and a gray level 100 changes to a
gray level 100 in a 256 gray scale display).

[0168] According to the driving method shown in FIG. 23,
during a pre-charge period during simultaneous selection,
scanning signal lines, out of four scanning signal lines that
correspond to the two rows of pixel areas, that are not being
selected simultaneously are each turned ON and OFF. How-
ever, this does not imply any limitation. For example, as
illustrated in FIG. 44, during a pre-charge period that comes
before a start of simultaneous selection, four scanning signal
lines that correspond to the two rows of pixel areas may be
each turned ON and OFF in synchronization with one
another. In this case, the four scanning signal lines can be each
turned ON and OFF in synchronization with one another %2 to
5 vertical scanning period before the simultaneous selection.
This causes a black display in the two rows of pixel areas for
Y5 to Y5 vertical scanning period, and thus brings about an
effect of so-called black insertion. Accordingly, it is possible
to suppress a feeling that a moving image etc. leaves trails.
[0169] Itshould benoted that, in the present embodiment, it
is possible to drive the liquid crystal panel 56 shown in FIG.
19 in such a manner as shown in FIG. 28 or FIG. 45.

Embodiment 3

[0170] FIG.29isaconfiguration ofa liquid crystal panel 5S¢
which is used in Embodiment 3. The liquid crystal panel 5¢ is
the same as the liquid crystal panel 5a (refer to FIG. 1) except
that the source electrode of each of the transistors 126 and
12B which are connected to the scanning signal line 164 is
connected to the retention capacitor wire 18p, the source
electrode of each of the transistors 124 and 12D which are
connected to the scanning signal line 164 is connected to the
retention capacitor wire 18¢, the source electrode of each of
the transistors 12f'and 12F which are connected to the scan-
ning signal line 16/'is connected to a retention capacitor wire
187, and the source electrode of the transistors 12/ and 12H
which are connected to the scanning signal line 16/ is con-
nected to a retention capacitor wire 18s.

[0171] In Embodiment 3, the liquid crystal panel 5¢ is
driven in such a manner as shown in FIG. 30. In FIG. 30, 15x,
15y, 15X and 15Y denote data signals supplied to the data
signal lines 15x, 15y, 15x and 15Y, respectively, sh denotes a
signal that defines a pre-charge period, 16a to 16/ denote
signals (active High) supplied to the scanning signal lines 16a
to 164, respectively, and 17a to 17d, and 17A and 17B denote
electric potentials of the pixel electrodes 17a to 17d, and 17A
and 17B, respectively. Further, FIGS. 31 and 32 each describe
a driving in F1 (first frame) in FIG. 30, and FIGS. 33 and 34
each describe a driving in F2 (second frame) in FIG. 30.
[0172] According to the driving method shown in FIG. 30,
in each frame, (i) one of two scanning signal lines that corre-
spond to one of two adjacent rows of pixels and (ii) one of two
scanning signal lines that correspond to the other one of the
two adjacent rows of pixels are selected simultaneously (the
same two scanning signal lines are selected in each frame) so
that data signals are written simultaneously to the two rows of
pixels. In this case, light and dark of each subpixel are not
switched.
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[0173] Further, (i) a data signal line connected via a tran-
sistor to each of pixel electrodes included in one of two pixels
adjacent to each other in the column direction and (ii) a data
signal line connected via a transistor to each of pixel elec-
trodes included in the other one of the two pixels are supplied
with data signals having respective opposite polarities.
[0174] Forexample, in F1, the data signal line 15x, which is
connected via the respective transistors (12a and 124) to the
pixel electrodes (17a and 175) included in the pixel 101, is
supplied with a data signal having a positive polarity, and the
data signal line 15y, which is connected via the respective
transistors (12¢ and 12d) to the pixel electrodes (17¢ and 17d)
included in the pixel 102 adjacent to the pixel 101 in the
column direction, is supplied with a data signal having a
negative polarity.

[0175] Further, (i) a data signal line connected via a tran-
sistor to each of pixel electrodes included in one of two pixels
adjacent to each other in the row direction and (ii) a data
signal line connected via a transistor to each of pixel elec-
trodes included in the other one of the two pixels are supplied
with data signals having respective opposite polarities.
[0176] For example, the data signal line 15x, which is con-
nected via the respective transistors (12a and 125) to the pixel
electrodes (17a and 174) included in the pixel 101, is supplied
with a data signal having a positive polarity, and the data
signal line 15x, which is connected via the respective transis-
tors (12A and 12B) to the pixel electrodes (17A and 17B)
included in the pixel 105 adjacent to the pixel 101 in the row
direction, is supplied with a data signal having a negative
polarity.

[0177] Further, a polarity of a data signal that is supplied to
an identical data signal line is reversed for every one (1)
frame. That is, a polarity of each pixel is reversed for every
one (1) frame.

[0178] For example, in F1, the data signal lines 15x and
15Y are each supplied with a data signal having a positive
polarity and the data signal lines 15y and 15x are each sup-
plied with a data signal having a negative polarity, and, in F2,
the data signal lines 15x and 15Y are each supplied with a data
signal having a negative polarity and the data signal lines 15y
and 15x are each supplied with a data signal having a positive
polarity.

[0179] Further, each horizontal scanning period includes a
pre-charge period during which a certain electric potential
(here, a common electrode electric potential VC) is supplied
to each data signal line. During a pre-charge period during
simultaneous selection, scanning signal lines, out of four
scanning signal lines that correspond to the two rows of pixel
areas (to which data signals are to be written simultaneously ),
that are not being selected simultaneously are each turned ON
and OFF.

[0180] For example, as illustrated in FIGS. 29 to 31, in the
nth horizontal scanning period in F1, during a pre-charge
period during which the scanning signal lines 16a and 16¢ are
being selected simultaneously, out of four scanning signal
lines (164, 165, 16¢ and 164) that correspond to the row of
pixels including the pixels 101 and 105 and the row of pixels
including the pixels 102 and 106, scanning signal lines (165
and 164) that are not being selected simultaneously are each
turned ON and OFF (i.e., caused to be active and thereafter
caused to be inactive). This causes the pixel electrodes 175
and 17A, each of which is connected via a transistor to the
scanning signal line 165, and the pixel electrodes 174 and
17C, each of which is connected via a transistor to the scan-
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ning signal line 164, to be connected to a retention capacitor
wire, and thus to be discharged.

[0181] Then, after the pre-charge period, data signals are
written to the pixel electrodes 174 and 17B, each of which is
connected via a transistor to the scanning signal line 164, and
to the pixel electrodes 17¢ and 17D, each of which is con-
nected via a transistor to the scanning signal line 16¢.
[0182] As aresult, (i) in the pixel 101, the subpixel includ-
ing the pixel electrode 17a serves as a light subpixel having a
positive polarity (M+) and the subpixel including the pixel
electrode 175 serves as a dark subpixel having a positive
polarity (K+), (ii) in the pixel 105, the subpixel including the
pixel electrode 17A serves as a dark subpixel having a nega-
tive polarity (K-) and the subpixel including the pixel elec-
trode 17B serves as a light subpixel having a negative polarity
(M-), (iii) in the pixel 102, the subpixel including the pixel
electrode 17¢ serves as a light subpixel having a negative
polarity (M-) and the subpixel including the pixel electrode
17d serves as a dark subpixel having a negative polarity (K-)
and (iv) in the pixel 106, the subpixel including the pixel
electrode 17C serves as a dark subpixel having a positive
polarity (K+) and the subpixel including the pixel electrode
17D serves as a light subpixel having a positive polarity (M+).
[0183] Further, as illustrated in FIGS. 29, 30 and 32, in the
(n+1)th horizontal scanning period in F1, during a pre-charge
period during which the scanning signal lines 16e and 16g are
being selected simultaneously, out of four scanning signal
lines (16e, 16f, 16g and 16/) that correspond to the row of
pixels including the pixels 103 and 107 and the row of pixels
including the pixels 104 and 108, scanning signal lines (16f
and 16/) that are not being selected simultaneously are each
turned ON and OFF. This causes the pixel electrodes 17f'and
17E, each of which is connected via a transistor to the scan-
ning signal line 16f; and the pixel electrodes 17/ and 17G,
each of which is connected via a transistor to the scanning
signal line 16/, to be connected to a retention capacitor wire,
and thus to be discharged.

[0184] Then, after the pre-charge period, data signals are
written to the pixel electrodes 17e¢ and 17F, each of which is
connected via a transistor to the scanning signal line 16e, and
to the pixel electrodes 17g and 17H, each of which is con-
nected via a transistor to the scanning signal line 16g.
[0185] As aresult, (i) in the pixel 103, the subpixel includ-
ing the pixel electrode 17¢ serves as a light subpixel having a
positive polarity (M+) and the subpixel including the pixel
electrode 17f serves as a dark subpixel having a positive
polarity (K+), (ii) in the pixel 107, the subpixel including the
pixel electrode 17E serves as a dark subpixel having a nega-
tive polarity (K-) and the subpixel including the pixel elec-
trode 17F serves as a light subpixel having a negative polarity
(M-), (iii) in the pixel 104, the subpixel including the pixel
electrode 17g serves as a light subpixel having a negative
polarity (M-) and the subpixel including the pixel electrode
17h serves as a dark subpixel having a negative polarity (K-)
and (iv) in the pixel 108, the subpixel including the pixel
electrode 17G serves as a dark subpixel having a positive
polarity (K+) and the subpixel including the pixel electrode
17H serves as a light subpixel having a positive polarity (M+).
[0186] Further, in F2, polarities of data signals to be sup-
plied to the data signal lines are reversed, and the same scan-
ning as in F1 is repeated.

[0187] Specifically, as illustrated in FIGS. 29, 30 and 33, in
the nth horizontal scanning period in F2, during a pre-charge
period during which the scanning signal lines 16a and 16¢ are
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being selected simultaneously, out of four scanning signal
lines (164, 165, 16¢ and 16d) that correspond to the row of
pixels including the pixels 101 and 105 and the row of pixels
including the pixels 102 and 106, scanning signal lines (165
and 164) that are not being selected simultaneously are each
turned ON and OFF (i.e., caused to be active and thereafter
caused to be inactive). This causes the pixel electrodes 175
and 17A, each of which is connected via a transistor to the
scanning signal line 165, and the pixel electrodes 174 and
17C, each of which is connected via a transistor to the scan-
ning signal line 164, to be connected to a retention capacitor
wire, and thus to be discharged.

[0188] Then, after the pre-charge period, data signals are
written to the pixel electrodes 17a and 17B, each of which is
connected via a transistor to the scanning signal line 164, and
to the pixel electrodes 17¢ and 17D, each of which is con-
nected via a transistor to the scanning signal line 16¢.
[0189] Further, as illustrated in FIGS. 29, 30 and 34, in the
(n+1)th horizontal scanning period in F2, during a pre-charge
period during which the scanning signal lines 16e and 16g are
being selected simultaneously, out of four scanning signal
lines (16e, 16/, 16g and 16/) that correspond to the row of
pixels including the pixels 103 and 107 and the row of pixels
including the pixels 104 and 108, scanning signal lines (16/
and 16/) that are not being selected simultaneously are each
turned ON and OFF. This causes the pixel electrodes 17fand
17E, each of which is connected via a transistor to the scan-
ning signal line 16f; and the pixel electrodes 17/ and 17G,
each of which is connected via a transistor to the scanning
signal line 16/, to be connected to a retention capacitor wire,
and thus to be discharged.

[0190] Then, after the pre-charge period, data signals are
written to the pixel electrodes 17¢ and 17F, each of which is
connected via a transistor to the scanning signal line 16e, and
to the pixel electrodes 17g and 17H, each of which is con-
nected via a transistor to the scanning signal line 16g.
[0191] According to Embodiment 3, one of two pixel elec-
trodes included in a pixel is connected via a transistor to a data
signal line, and the other one of the two pixel electrodes is
connected via a transistor to a retention capacitor wire (that s,
pixel electrodes do not electrically float). Therefore, it is
possible to suppress image sticking in pixels etc. which has
been a problem for a capacitively-coupled type pixel-division
system.

[0192] Further, since a light subpixel and a dark subpixel
are alternately arranged in the row direction and in the column
direction (i.e., light and dark subpixels are arranged checker-
wise) in each frame, it is possible to achieve a natural-looking
display with little feeling of roughness. Furthermore, since a
data signal supplied to a single data signal line has an identical
polarity over two vertical periods, it is possible to reduce
power consumption of a source driver as compared to a case
where a polarity of a data signal is reversed for every one (1)
horizontal scanning period. Note that, since polarity distribu-
tion of data signals to be written in each frame is dot-reversed,
it is also possible to suppress flickers on a screen. Moreover,
since a pre-charge period is included in each horizontal scan-
ning period, it is possible to reduce variations in waveforms
and values of charging rates resulting from a gray scale in an
earlier frame (for example, in cases where a gray level 0
changes to a gray level 100 and a gray level 100 changes to a
gray level 100 in a 256 gray scale display).

[0193] FIG.35isaplan view illustrating a specific example
of the liquid crystal panel 5¢ shown in FIG. 29. The configu-
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rations of each data signal line, each scanning signal line and
each retention capacitor wire in FIG. 35 are the same as those
in FIG. 13. The scanning signal line 16a serves as a gate
electrode of each of the transistors 12a and 12A, the scanning
signal line 165 serves as a gate electrode of each of the
transistors 126 and 12B, the scanning signal line 16¢ serves as
a gate electrode of each of the transistors 12c¢ and 12C, and the
scanning signal line 164 serves as a gate electrode of each of
the transistors 12d and 12D. Further, a source electrode of the
transistor 124 is connected to the data signal line 15x and a
source electrode of the transistor 12¢ is connected to the data
signal line 15y, and a source electrode of the transistor 12A is
connected to the data signal line 15x and a source electrode of
the transistor 12C is connected to the data signal line 15Y.
[0194] Further, the drain electrode 9a of the transistor 12a
is connected to the capacitor electrode 37a, the capacitor
electrode 37a and the pixel electrode 17a are connected to
each other via the contact hole 114, and the capacitor elec-
trode 37a has a part that overlaps the retention capacitor wire
18p via a gate insulation film and a part that overlaps the pixel
electrode 175 via an inter-layer insulation film. On the other
hand, a source electrode 85 of the transistor 125 is connected
to a relay electrode 475, and the relay electrode 475 and the
retention capacitor wire 18p are connected to each other via a
contact hole 815. Further, the drain electrode 95 of the tran-
sistor 1256 is connected to a extraction electrode 275, the
extraction electrode 275 and the pixel electrode 175 are con-
nected to each other via the contact hole 115, and the extrac-
tion electrode 27b has a part that overlaps the retention
capacitor wire 18p via a gate insulation film.

[0195] Itshould be noted here that a coupling capacitor Cab
(refer to FIG. 29) is formed in a part where the capacitor
electrode 37a and the pixel electrode 175 overlap each other,
most of a retention capacitor Cha (refer to FIG. 29) is formed
in a part where the capacitor electrode 374 and the retention
capacitor wire 18p overlap each other, and most of a retention
capacitor Chb (refer to FIG. 29) is formed in a part where the
extraction electrode 276 and the retention capacitor wire 18p
overlap each other.

[0196] Further, the drain electrode 9A of the transistor 12A
is connected to the capacitor electrode 37A, the capacitor
electrode 37A and the pixel electrode 17B are connected to
each other via the contact hole 11A, and the capacitor elec-
trode 37A has a part that overlaps the retention capacitor wire
18p via a gate insulation film and a part that overlaps the pixel
electrode 17A via an inter-layer insulation film. On the other
hand, a source electrode 8B of the transistor 12B is connected
to a relay electrode 47B, and the relay electrode 47B and the
retention capacitor wire 18p are connected to each other via a
contact hole 81B. Further, the drain electrode 9B of the tran-
sistor 12B is connected to an extraction electrode 27B, the
extraction electrode 27B and the pixel electrode 17A are
connected to each other via the contact hole 11B, and the
extraction electrode 27B has a part that overlaps the retention
capacitor wire 18p via a gate insulation film.

[0197] It should be noted here that a coupling capacitor
CAB (refer to FIG. 29) is formed in a part where the capacitor
electrode 37 A and the pixel electrode 17 A overlap each other,
most of a retention capacitor ChB (refer to FIG. 29) is formed
in a part where the extraction electrode 37A and the retention
capacitor wire 18p overlap each other, and most of a retention
capacitor ChA (refer to FIG. 29) is formed in a part where the
extraction electrode 27B and the retention capacitor wire 18p
overlap each other.
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[0198] It should be noted that the liquid crystal panel 5¢
shown in FIG. 29 can be driven in such a manner as shown in
FIG. 44. Thatis, during a pre-charge period that comes before
a start of simultaneous selection, four scanning signal lines
that correspond to the two rows of pixel areas (to which data
signals are to be written simultaneously) are each turned ON
and OFF in synchronization with one another. In this case, the
four scanning signal lines can be each turned ON and OFF in
synchronization with one another % to ¥ vertical scanning
period before the simultaneous selection. This causes a black
display in the two rows of pixel areas for %5 to 5 vertical
scanning period, and thus brings about an effect of so-called
black insertion. Accordingly, it is possible to suppress a feel-
ing that a moving image etc. leaves trails.

[0199] Further, according to Embodiment 3, a liquid crystal
panel 5d shown in FIG. 36 can be driven in such a manner as
shown in FIG. 28 or FIG. 45. Note that the liquid crystal panel
5d is the same as the liquid crystal panel 54 (refer to FIG. 19)
except that the source electrode of each of the transistors 125
and 12B which are connected to the scanning signal line 165
is connected to the retention capacitor wire 18p, the source
electrode of each of the transistors 12d and 12D which are
connected to the scanning signal line 164 is connected to the
retention capacitor wire 18¢, the source electrode of each of
the transistors 12f'and 12F which are connected to the scan-
ning signal line 16/ is connected to the retention capacitor
wire 18r, and the source electrode of each of the transistors
12/ and 12H which are connected to the scanning signal line
16/ is connected to the retention capacitor wire 18s.

Embodiment 4

[0200] FIG. 37 is a configuration of a liquid crystal panel Se
which is used in Embodiment 4. The liquid crystal panel Se is
the same as the liquid crystal panel Sa (refer to FIG. 1) except
that the source electrode of the transistor 125 which is con-
nected to the scanning signal line 164 is connected to the pixel
electrode 174, the source electrode of the transistor 12B
which is connected to the scanning signal line 165 is con-
nected to the pixel electrode 17B, the source electrode of the
transistor 124 which is connected to the scanning signal line
164 is connected to the pixel electrode 17¢, the source elec-
trode of the transistor 12D which is connected to the scanning
signal line 164 is connected to the pixel electrode 17D, the
source electrode of the transistor 12fwhich is connected to the
scanning signal line 16/ is connected to the pixel electrode
17e, the source electrode of the transistor 12F which is con-
nected to the scanning signal line 16/7s connected to the pixel
electrode 17F, the source electrode of the transistor 12/ which
is connected to the scanning signal line 16/ is connected to
the pixel electrode 17g, and the source electrode of the tran-
sistor 12H which is connected to the scanning signal line 16/
is connected to the pixel electrode 17H.

[0201] According to Embodiment 4, the liquid crystal
panel 5e is driven in such a manner as shown in FIG. 30.
FIGS. 38 and 39 each describe a driving in F1 (first frame) in
FIG. 30, and FIGS. 40 and 41 each describe a driving in F2
(second frame) in FIG. 30.

[0202] Forexample, asillustrated in FIGS. 30,37 and 38, in
the nth horizontal scanning period in F1, during a pre-charge
period during which the scanning signal lines 16a and 16¢ are
being selected simultaneously, out of four scanning signal
lines (164, 165, 16¢ and 164) that correspond to the row of
pixels including the pixels 101 and 105 and the row of pixels
including the pixels 102 and 106, scanning signal lines (165
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and 164) that are not being selected simultaneously are each
turned ON and OFF (i.e., caused to be active and thereafter
caused to be inactive). This causes the pixel electrode 176
which is connected via the transistor 124 to the scanning
signal line 165 to be connected to the pixel electrode 17a, the
pixel electrode 17A which is connected via the transistor 12B
to the scanning signal line 165 to be connected to the pixel
electrode 17B, the pixel electrode 174 which is connected via
the transistor 124 to the scanning signal line 164 to be con-
nected to the pixel electrode 17¢, the pixel electrode 17C
which is connected via the transistor 12D to the scanning
signal line 16d to be connected to the pixel electrode 17D, and
thus the pixel electrodes 175, 17A, 17d and 17C to be dis-
charged.

[0203] Then, after the pre-charge period, data signals are
written to the pixel electrodes 174 and 17B, each of which is
connected via a transistor to the scanning signal line 164, and
to the pixel electrodes 17¢ and 17D, each of which is con-
nected via a transistor to the scanning signal line 16¢.
[0204] As aresult, (i) in the pixel 101, the subpixel includ-
ing the pixel electrode 17a serves as a light subpixel having a
positive polarity (M+) and the subpixel including the pixel
electrode 175 serves as a dark subpixel having a positive
polarity (K+), (ii) in the pixel 105, the subpixel including the
pixel electrode 17A serves as a dark subpixel having a nega-
tive polarity (K-) and the subpixel including the pixel elec-
trode 17B serves as a light subpixel having a negative polarity
(M-), (iii) in the pixel 102, the subpixel including the pixel
electrode 17¢ serves as a light subpixel having a negative
polarity (M-) and the subpixel including the pixel electrode
17d serves as a dark subpixel having a negative polarity (K-)
and (iv) in the pixel 106, the subpixel including the pixel
electrode 17C serves as a dark subpixel having a positive
polarity (K+) and the subpixel including the pixel electrode
17D serves as a light subpixel having a positive polarity (M+).
[0205] Further, as illustrated in FIGS. 30, 37 and 39, in the
(n+1)th horizontal scanning period in F1, during a pre-charge
period during which the scanning signal lines 16e and 16g are
being selected simultaneously, out of four scanning signal
lines (16e, 16/, 16g and 16/) that correspond to the row of
pixels including the pixels 103 and 107 and the row of pixels
including the pixels 104 and 108, scanning signal lines (16f
and 16/) that are not being selected simultaneously are each
turned ON and OFF. This causes the pixel electrode 17/ which
is connected via the transistor 12f'to the scanning signal line
16/ to be connected to the pixel electrode 17e, the pixel
electrode 17E which is connected via the transistor 12F to the
scanning signal line 16/to be connected to the pixel electrode
17F, the pixel electrode 17/ which is connected via the tran-
sistor 12/ to the scanning signal line 16/ to be connected to
the pixel electrode 17g, the pixel electrode 17G which is
connected via the transistor 12H to the scanning signal line
16/ to be connected to the pixel electrode 17H, and thus the
pixel electrodes 171, 17E, 17k and 17G to be discharged.
[0206] Then, after the pre-charge period, data signals are
written to the pixel electrodes 17¢ and 17F, each of which is
connected via a transistor to the scanning signal line 16e, and
to the pixel electrodes 17g and 17H, each of which is con-
nected via a transistor to the scanning signal line 16g.
[0207] As aresult, (i) in the pixel 103, the subpixel includ-
ing the pixel electrode 17¢ serves as a light subpixel having a
positive polarity (M+) and the subpixel including the pixel
electrode 17f serves as a dark subpixel having a positive
polarity (K+), (ii) in the pixel 107, the subpixel including the
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pixel electrode 17E serves as a dark subpixel having a nega-
tive polarity (K-) and the subpixel including the pixel elec-
trode 17F serves as a light subpixel having a negative polarity
(M-), (iii) in the pixel 104, the subpixel including the pixel
electrode 17g serves as a light subpixel having a negative
polarity (M-) and the subpixel including the pixel electrode
17h serves as a dark subpixel having a negative polarity (K-)
and (iv) in the pixel 108, the subpixel including the pixel
electrode 17G serves as a dark subpixel having a positive
polarity (K+) and the subpixel including the pixel electrode
17H serves as a light subpixel having a positive polarity (M+).
[0208] Further, in F2, polarities of data signals to be sup-
plied to the data signal lines are reversed, and the same scan-
ning as in F1 is repeated.

[0209] Specifically, as illustrated in FIGS. 30, 37 and 40, in
the nth horizontal scanning period in F2, during a pre-charge
period during which the scanning signal lines 16a and 16¢ are
being selected simultaneously, out of four scanning signal
lines (164, 165, 16¢ and 16d) that correspond to the row of
pixels including the pixels 101 and 105 and the row of pixels
including the pixels 102 and 106, scanning signal lines (165
and 164) that are not being selected simultaneously are each
turned ON and OFF (i.e., caused to be active and thereafter
caused to be inactive). This causes the pixel electrode 175
which is connected via the transistor 126 to the scanning
signal line 164 to be connected to the pixel electrode 174, the
pixel electrode 17A which is connected via the transistor 12B
to the scanning signal line 165 to be connected to the pixel
electrode 17B, the pixel electrode 174 which is connected via
the transistor 124 to the scanning signal line 164 to be con-
nected to the pixel electrode 17¢, the pixel electrode 17C
which is connected via the transistor 12D to the scanning
signal line 164 to be connected to the pixel electrode 17D, and
thus the pixel electrodes 176, 17A, 17d and 17C to be dis-
charged.

[0210] Then, after the pre-charge period, data signals are
written to the pixel electrodes 17a and 17B, each of which is
connected via a transistor to the scanning signal line 164, and
to the pixel electrodes 17¢ and 17D, each of which is con-
nected via a transistor to the scanning signal line 16¢.
[0211] Further, as illustrated in FIGS. 30, 37 and 41, in the
(n+1)th horizontal scanning period in F2, during a pre-charge
period during which the scanning signal lines 16e and 16g are
being selected simultaneously, out of four scanning signal
lines (16e, 16/, 16g and 16/) that correspond to the row of
pixels including the pixels 103 and 107 and the row of pixels
including the pixels 104 and 108, scanning signal lines (16/
and 16/) that are not being selected simultaneously are each
turned ON and OFF. This causes the pixel electrode 17fwhich
is connected via the transistor 12/'to the scanning signal line
16/ to be connected to the pixel electrode 17e, the pixel
electrode 17E which is connected via the transistor 12F to the
scanning signal line 16/to be connected to the pixel electrode
17F, the pixel electrode 17/ which is connected via the tran-
sistor 12/ to the scanning signal line 16/ to be connected to
the pixel electrode 17g, the pixel electrode 17G which is
connected via the transistor 12H to the scanning signal line
16/ to be connected to the pixel electrode 17H, and thus the
pixel electrodes 171, 17E, 17/ and 17G to be discharged.
[0212] Then, after the pre-charge period, data signals are
written to the pixel electrodes 17¢ and 17F, each of which is
connected via a transistor to the scanning signal line 16e, and
to the pixel electrodes 17g and 17H, each of which is con-
nected via a transistor to the scanning signal line 16g.
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[0213] According to Embodiment 4, two pixel electrodes
included in a pixel are connected via a transistor to each other,
and each of the two pixel electrodes is connected to a data
signal line during a pre-charge period (that is, the two pixel
electrodes do not electrically float). Therefore, it is possible to
suppress image sticking in pixels etc. which has been a prob-
lem a capacitively-coupled type pixel-division system.
[0214] Further, since a light subpixel and a dark subpixel
are alternately arranged in the row direction and the column
direction (i.e., light and dark subpixels are arranged checker-
wise) in each frame, it is possible to achieve a natural-looking
display with little feeling of roughness. Furthermore, since a
data signal supplied to a single data signal line has an identical
polarity over two vertical periods, it is possible to reduce
power consumption of a source driver as compared to a case
where a polarity of a data signal is reversed for every one (1)
horizontal scanning period. Note that, since polarity distribu-
tion of data signals to be written in each frame is dot-reversed,
it is also possible to suppress flickers on a screen. Moreover,
since a pre-charge period is included in each horizontal scan-
ning period, it is possible to reduce variations in waveforms
and values of charging rates resulting from a gray scale in an
earlier frame (for example, in cases where a gray level 0O
changes to a gray level 100 and a gray level 100 changes to a
gray level 100 in a 256 gray scale display).

[0215] FIG. 42 is a plan view illustrating a specific example
of the liquid crystal panel Se shown in FIG. 37. The configu-
rations of each data signal line, each scanning signal line and
each retention capacitor wire and each transistor in FIG. 42
are the same as those in FIG. 35. The drain electrode 9a of the
transistor 12a is connected to the capacitor electrode 37a, the
capacitor electrode 37a and the pixel electrode 17a are con-
nected to each other via the contact hole 11a, and the capaci-
tor electrode 37a has a part that overlaps the retention capaci-
tor wire 18p via a gate insulation film and a part that overlaps
the pixel electrode 175 via an inter-layer insulation film. On
the other hand, the source electrode 85 of the transistor 125 is
connected to the relay electrode 475, the relay electrode 476
and the pixel electrode 174 are connected to each other via a
contact hole 91a, and the relay electrode 475 has a part that
overlaps the retention capacitor wire 18p via a gate insulation
film and a part that overlaps the pixel electrode 176 via an
inter-layer insulation film. Further, the drain electrode 96 of
the transistor 125 is connected to the extraction electrode 275,
the extraction electrode 276 and the pixel electrode 175 are
connected via the contact hole 115 to each other, and the
extraction electrode 275 has a part that overlaps the retention
capacitor wire 18p via a gate insulation film.

[0216] Itshould be noted here that a coupling capacitor Cab
(refer to FIG. 37) is formed in a part where the capacitor
electrode 37a and the pixel electrode 175 overlap each other
and in a part where the relay electrode 475 and the pixel
electrode 175 overlap each other, most of a retention capaci-
tor Cha (refer to FIG. 37) is formed in a part where the
capacitor electrode 37a and the retention capacitor wire 18p
overlap each other and a part where the relay electrode 476
and the retention capacitor wire 18p overlap each other, and
most of a retention capacitor Chb (refer to FIG. 37) is formed
in a part where the extraction electrode 275 and the retention
capacitor wire 18p overlap each other.

[0217] Further, the drain electrode 9A of the transistor 12A
is connected to the capacitor electrode 37A, the capacitor
electrode 37A and the pixel electrode 17B are connected via
the contact hole 11A to each other, and the capacitor electrode



US 2012/0105735 Al

37A has a part that overlaps the retention capacitor wire 18p
via a gate insulation film and a part that overlaps the pixel
electrode 17A via an inter-layer insulation film. On the other
hand, the source electrode 8B of the transistor 12B is con-
nected to the relay electrode 47B, the relay electrode 47B and
the pixel electrode 17A are connected to each other via a
contact hole 91B, and the relay electrode 47B has a part that
overlaps the retention capacitor wire 18p via a gate insulation
film and a part that overlaps the pixel electrode 17B via an
inter-layer insulation film. Further, the drain electrode 9B of
the transistor 12B is connected to the extraction electrode
27B, the extraction electrode 27B and the pixel electrode 17B
are connected via the contact hole 11B to each other, and the
extraction electrode 27B has a part that overlaps the retention
capacitor wire 18p via a gate insulation film.

[0218] It should be noted here that a coupling capacitor
CAB (refer to FIG. 37) is formed in a part where the capacitor
electrode 37A and the pixel electrode 17B overlap each other
and in a part where the relay electrode 47B and the pixel
electrode 17B overlap each other, most of a retention capaci-
tor ChA (refer to FIG. 37) is formed in a part where the relay
electrode 47B and the retention capacitor wire 18p overlap
each other, and most of a retention capacitor ChB (refer to
FIG. 37) is formed in a part where the capacitor electrode 37A
and the retention capacitor wire 18p overlap each other and in
a part where the extraction electrode 275 and the retention
capacitor wire 18p overlap each other.

[0219] It should be noted that the liquid crystal panel Se
shown in FIG. 37 can be driven in such a manner as shown in
FIG. 44. Specifically, during a pre-charge period that comes
before a start of simultaneous selection, four scanning signal
lines that correspond to the two rows of pixel areas (to which
data signals are to be written simultaneously) are each turned
ON and OFF in synchronization with one another. In this
case, the four scanning signal lines can be each turned ON and
OFF in synchronization with one another ¥ to %5 vertical
scanning period before the simultaneous selection. This
causes a black display in the two rows of pixel areas for /2 to
U5 vertical scanning period, and thus brings about an effect of
so-called black insertion. Accordingly, it is possible to sup-
press a feeling that a moving image etc. leave trails.

[0220] Further, according to Embodiment 4, a liquid crystal
panel 5f'shown in FIG. 43 can be driven in such a manner as
shown in FIG. 28 or FIG. 45. The liquid crystal panel 5/7is the
same as the liquid crystal panel 55 (refer to FIG. 19) except
that the source electrode of the transistor 125 which is con-
nected to the scanning signal line 164 is connected to the pixel
electrode 17a, the source electrode of the transistor 12B
which is connected to the scanning signal line 165 is con-
nected to the pixel electrode 17B, the source electrode of the
transistor 124 which is connected to the scanning signal line
164 is connected to the pixel electrode 17¢, the source elec-
trode of the transistor 12D which is connected to the scanning
signal line 164 is connected to the pixel electrode 17D, the
source electrode of the transistor 12fwhich is connected to the
scanning signal line 16/ is connected to the pixel electrode
17e, the source electrode of the transistor 12F which is con-
nected to the scanning signal line 16/7is connected to the pixel
electrode 17F, the source electrode of the transistor 12/ which
is connected to the scanning signal line 16/ is connected to
the pixel electrode 17g, and the source electrode of the tran-
sistor 12H which is connected to the scanning signal line 16/
is connected to the pixel electrode 17H.
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[0221] According to the present embodiment, a liquid crys-
tal display unit and a liquid crystal display device of the
present embodiment are configured as below. Specifically,
two polarizing plates A and B are bonded to the both surfaces
ofaliquid crystal panel (54 to 5f) so that the polarization axis
of'the polarizing plate A is orthogonal to the polarization axis
of the polarizing plate B. Note here that, on each of the
polarizing plates, a layer of an optical compensation sheet etc.
can be stacked as needed. Next, as shown in (a) of FIG. 46,
drivers (a gate driver 202, a source driver 201) are connected.
Note that, in the following, as an example, the drivers are
connected using TCPs (Tape Carrier Packages). First, an ACF
(Anisotropic Conductive Film) is attached to terminals of the
liquid crystal panel by preliminary compression. Subse-
quently, the TCPs carrying the drivers are punched out of the
carrier tape, aligned with panel terminal electrodes, and
heated for complete compression/attachment. Thereafter, the
input terminals of the TCPs are connected to a circuit board
203 (PWB: Printed Wiring Board) using an ACF. The circuit
board 203 is provided to couple the driver TCPs together. This
completes a liquid crystal display unit 200. After that, as
shown in (b) of FIG. 46, a display control circuit 209 is
connected via the circuit board 203 to the drivers (201, 202) of
the liquid crystal display unit, and a lighting system (back-
light unit) 204 is attached to complete the manufacture of a
liquid crystal display device 210.

[0222] (a) of FIG. 47 shows a configuration of a source
driver for providing a pre-charge period. As shown in (a) of
FIG. 47, the source driver in such a case includes a buffer 31,
a data output switch SWa and a pre-charge switch SWb in
such a way as to correspond to each data signal line. The
buffer 31 is supplied with corresponding data d, and an output
of'the buffer 31 is connected to an output terminal to the data
signal line via the data output switch SWa. Further, output
terminals that correspond to respective two adjacent data
signal lines are connected to each other via a pre-charge
switch SWb. That is, pre-charge switches SWb are connected
in series with one another, and an end of the series of the
pre-charge switches SWb is connected to a pre-charge elec-
tric potential supply source 35 (Vcom). Note here that a
charge share signal (sh) is supplied to a gate terminal of the
data output switch SWa via an inverter 33, and the sh signal is
supplied to a gate terminal of the pre-charge switch SWb.

[0223] Itshould be noted that the source driver shown in (a)
of FIG. 47 can be arranged as shown in (b) of FIG. 47. That is,
pre-charge switches SWc are each connected only to a corre-
sponding data signal line and the pre-charge electric potential
supply source 35 (Vcom), and are not connected in series with
one another. This makes it possible to quickly supply a pre-
charge electric potential to each data signal line.

[0224] As described above, since a pre-charge period (for
example, a period during which a charge sharing is carried
out) is included in each horizontal scanning period and a
pre-charge electric potential (e.g., Vcom) is supplied to each
data signal line during the pre-charge period, it is possible, in
for example a large, high-definition or high-speed drive liquid
crystal display device which is difficult to fully charge, to
suppress variation in electric potentials (charging rate)
reached within a current horizontal scanning period, which
variation results from a difference in levels of signal electric
potentials supplied to the same data signal lines in a previous
horizontal scanning period. Accordingly, a liquid crystal
panel of the present invention is suitable even for a liquid
crystal display device that includes 2160 scanning signal lines
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and meets the digital cinema standard or a liquid crystal
display device that includes 4320 scanning signal lines and
meets the super high vision standard.

[0225] The “polarity of an electric potential” in the subject
application means an electric potential equal to or higher
(positive) than a reference electric potential or an electric
potential equal to or lower (negative) than a reference electric
potential. The reference electric potential may be a Vcom
(common electric potential) which is an electric potential of a
common electrode (counter electrode) or may be any other
electric potential.

[0226] FIG. 48 is a block diagram illustrating a configura-
tion of aliquid crystal display device of the present invention.
As illustrated in FIG. 48, the liquid crystal display device
includes a display section (liquid crystal panel), a source
driver (SD), a gate driver (GD) and a display control circuit.
The source driver drives data signal lines, the gate driver
drives scanning signal lines, and the display control circuit
controls the source driver and the gate driver.

[0227] The display control circuit receives, from external
signal sources (e.g., a tuner), a digital video signal Dv indica-
tive of an image to be displayed; a horizontal sync signal HSY
and a vertical sync signal VSY which correspond to the digital
video signal Dv; and a control signal Dc for controlling a
display operation. Further, in response to the signals Dv, HSY,
VSY and Dc, the display control circuit generates and outputs
the following signals which cause the image, corresponding
to the digital video signal Dv, to be displayed on the display
section: a data start pulse signal SSP; a data clock signal SCK;;
a charge share signal sh; a digital image signal DA corre-
sponding to an image to be displayed (equivalent to the video
signal Dv); a gate start pulse signal GSP; a gate clock signal
GCK; and a gate driver output control signal (a scanning
signal output control signal) GOE.

[0228] More specifically, after timing of the digital video
signal Dv is adjusted etc. according to need in an internal
memory, the digital video signal Dv is outputted as a digital
image signal DA from the display control circuit. Then, a data
clock signal SCK, a data start pulse signal SSP, a gate start
pulse signal GSP, a gate clock signal GCK, a charge share
signal sh, and a gate driver output control signal GOE are
generated. The data clock signal SCK is a signal that is made
of a pulse corresponding to each pixel and that is of an image
indicated by the digital image signal DA. The data start pulse
signal SSP is a signal that becomes a high level (H level)
based on the horizontal sync signal HSY only in a predeter-
mined period in each one horizontal scanning period. The
gate start pulse signal GSP is a signal that becomes the H level
based on the vertical sync signal VSY only in a predetermined
period in each one frame period (one vertical scanning
period). The gate clock signal GCK is generated based on the
horizontal sync signal HSY. The charge share signal sh and
the gate driver output control signal GOE are generated based
on the horizontal sync signal HSY and the control signal Dc.
[0229] Out of signals generated in the display control cir-
cuit as above, the digital image signal DA, the charge share
signal sh, the signal POL for controlling the polarity of a
signal electric potential (data signal electric potential), the
data start pulse signal SSP, and the data clock signal SCK are
supplied to the source diver. The gate start pulse signal GSP,
the gate clock signal GCK, and the gate driver output control
signal GOE are supplied to the gate driver.

[0230] The source driver sequentially generates data sig-
nals as analog electric potentials (signal electric potentials)
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based on the digital image signal DA, the data clock signal
SCK, the charge share signal sh, the data start pulse SSP, and
the polarity reversal signal POL in every one horizontal scan-
ning period. The analog electric potentials correspond to
pixel values that are of an image indicated by the digital image
signal DA and of each scanning signal line. The source driver
supplies these data signals to data signal lines (e.g., 15x and
159).

[0231] The gate driver generates gate-on pulse signals
based on the gate start pulse signal GSP and the gate clock
signal GCK and the gate driver output control signal GOE,
and supplies these gate-on pulse signals to the scanning signal
lines. In this way, the gate driver sequentially scans the scan-
ning signal lines two by two.

[0232] The following description discusses an example of a
configuration of a liquid crystal display device of the present
invention which is applied to a television receiver. FIG. 49 is
a block diagram illustrating a configuration of a liquid crystal
display device 800 for such a television receiver. The liquid
crystal display device 800 includes: a liquid crystal display
unit 84; aY/C separation circuit 80; a video chroma circuit 81;
anA/D converter 82; a liquid crystal controller 83; a backlight
driving circuit 85; a backlight 86; a microcomputer 87; and a
gray scale circuit 88. The liquid crystal display unit 84
includes: a liquid crystal panel; and a source driver and a gate
driver for driving the liquid crystal panel.

[0233] According to the liquid crystal display device 800
configured as above, first, a composite color video signal Scv,
serving as a television signal, is externally supplied to the Y/C
separation circuit 80. Then, the Y/C separation circuit 80
separates the composite color video signal Scv to a brightness
signal and a color signal. The brightness signal and the color
signal are converted, in the video chroma circuit 81, to an
analog RGB signal corresponding to three primary colors of
light. The analog RGB signal is further converted to a digital
RGB signal by the A/D converter 82. The digital RGB signal
is then supplied to the liquid crystal controller 83. Mean-
while, the Y/C separation circuit 80 extracts horizontal and
vertical sync signals from the composite color video signal
Scv which is externally supplied. The horizontal and vertical
sync signals are also supplied to the liquid crystal controller
83 via the microcomputer 87.

[0234] The liquid crystal controller 83 supplies digital
RGB signals to the liquid crystal display unit 84 together with
the timing control signals based on the foregoing sync sig-
nals, at predetermined timings. The gray scale circuit 88
generates gray scale electric potentials for the respective three
primary colors R, G, B of a color display, and then supplies
the gray scale electric potentials to the liquid crystal panel 84.
The liquid crystal display unit 84 causes (i) its incorporated
members such as the source driver and the gate driver to
generate drive signals (a data signal=signal electric potential,
scanning signal, etc.), in response to the RGB signals, the
timing signals, and the gray scale electric potentials and (ii)
its incorporated display section to display a color image in
response to the drive signals. In order for the liquid crystal
display unit 84 to display an image, the liquid crystal panel in
the liquid crystal display unit has to be backlit. According to
the liquid crystal display device 800, the microcomputer 87
controls the backlight driving circuit 85 to drive the backlight
86 so that a back surface of the liquid crystal panel is irradi-
ated with light. The microcomputer 87 carries out not only the
above processes but also the control of a whole system. In
addition, the video signal (composite color video signal)
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which is externally supplied is not limited to a video signal of
television broadcasting, and can therefore be a video signal
such as a video signal taken with a camera or a video signal
supplied over the Internet. The liquid crystal display device
800 is thus capable of displaying an image based on a variety
of video signals.

[0235] Inacase where the liquid crystal display device 800
displays an image based on the television broadcasting, the
liquid crystal display device 800 is connected with a tuner
section 90 (see FIG. 50) to configure a television receiver 601
ofthe present invention. The tuner section 90 extracts, from a
wave (a high-frequency signal) received via an antenna (not
illustrated), a signal of a channel to be received. The tuner
section 90 then converts the signal to an intermediate fre-
quency signal. Then, the tuner section 90 detects the interme-
diate frequency signal so as to extract the composite color
video signal Scv serving as the television signal. The com-
posite color video signal Scv is supplied to the liquid crystal
display device 800 as described earlier. The liquid crystal
display device 800 then displays an image based on the com-
posite color video signal Scv.

[0236] FIG. 51 is an exploded perspective view illustrating
an example of a configuration of a television receiver of the
present invention. As illustrated in FIG. 51, the television
receiver 601 is constituted by the liquid crystal display device
800, a first housing 801, and a second housing 806. The liquid
crystal display device 800 is arranged so as to be sandwiched
between and held by the first housing 801 and the second
housing 806. The first housing 801 has an opening 801a for
transmitting an image to be displayed on the liquid crystal
display device 800. The second housing 806 covers a back-
side of the liquid crystal display device 800, and includes an
operation circuit 805 for handling the liquid crystal display
device 800. Further, the second housing 806 is supported by
a support member 808 at the bottom.

[0237] An active matrix substrate in accordance with the
present invention is an active matrix substrate including pixel
areas, wherein: the pixel areas (i) each include two pixel
electrodes connected to each other via a capacitor and (ii) are
arranged in a row direction and a column direction, the col-
umn direction being a direction in which each data signal line
extends, two data signal lines are provided in such a way as to
correspond to a column of pixel areas and two scanning signal
lines are provided in such a way as to correspond to a row of
pixel areas, and in respect to a pixel area that belongs to the
column of pixel areas and to the row of pixel areas, a transistor
connected to one of the two scanning signal lines is electri-
cally connected to one of two pixel electrodes included in the
pixel area, a transistor connected to the other one of the two
scanning signal lines is electrically connected to the other one
of the two pixel electrodes, and each of these transistors is
electrically connected to an identical data signal line that is
one of the two data signal lines.

[0238] First, according to the active matrix substrate, two
data signal lines are provided in such a way as to correspond
to a column of pixel areas. Therefore, a liquid crystal display
device including the active matrix substrate is capable of
writing data signals simultaneously to two rows of pixels by
selecting simultaneously two scanning signal lines.

[0239] Further, according to the configuration, capaci-
tively-coupled two pixel electrodes in each pixel area are each
connected via atransistor to a data signal line. Therefore, each
pixel electrode does not float electrically. This suppresses
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image sticking in pixels etc. in the liquid crystal display
device including the active matrix substrate, and thus
achieves high display quality.

[0240] An active matrix substrate in accordance with the
present invention is an active matrix substrate including pixel
areas, wherein: the pixel areas (i) each include two pixel
electrodes connected to each other via a capacitor and (ii) are
arranged in a row direction and a column direction, the col-
umn direction being a direction in which each data signal line
extends, two data signal lines are provided in such a way as to
correspond to a column of pixel areas and two scanning signal
lines are provided in such a way as to correspond to a row of
pixel areas, and in respect to a pixel area that belongs to the
column of pixel areas and to the row of pixel areas, a transistor
connected to one of the two scanning signal lines is electri-
cally connected to one of two pixel electrodes included in the
pixel area and to one of the two data signal lines, and a
transistor connected to the other one of the two scanning
signal lines is electrically connected to the other one of the
two pixel electrodes and to a retention capacitor wire.
[0241] First, according to the active matrix substrate, two
data signal lines are provided in such a way as to correspond
to a column of pixel areas. Therefore, a liquid crystal display
device including the active matrix substrate is capable of
writing data signals simultaneously to two rows of pixels by
selecting simultaneously two scanning signal lines.

[0242] Further, according to the configuration, one of
capacitively-coupled two pixel electrodes in each pixel areais
connected via a transistor to a data signal line, and the other is
connected via a transistor to a retention capacitor wire. There-
fore, each pixel electrode does not float electrically. This
suppresses image sticking in pixels etc. in the liquid crystal
display device including the active matrix substrate, and thus
achieves high display quality.

[0243] An active matrix substrate in accordance with the
present invention is an active matrix substrate including pixel
areas, wherein: the pixel areas (i) each include two pixel
electrodes connected to each other via a capacitor and (ii) are
arranged in a row direction and a column direction, the col-
umn direction being a direction in which each data signal line
extends, two data signal lines are provided in such a way as to
correspond to a column of pixel areas and two scanning signal
lines are provided in such a way as to correspond to a row of
pixel areas, and in respect to a pixel area that belongs to the
column of pixel areas and to the row of pixel areas, a transistor
connected to one of the two scanning signal lines is electri-
cally connected to one of two pixel electrodes included in the
pixel area and to one of the two data signal lines, and a
transistor connected to the other one of the two scanning
signal lines is electrically connected to each of the two pixel
electrodes.

[0244] First, according to the active matrix substrate, two
data signal lines are provided in such a way as to correspond
to a column of pixel areas. Therefore, a liquid crystal display
device including the active matrix substrate is capable of
writing data signals simultaneously to two rows of pixels by
selecting simultaneously two scanning signal lines.

[0245] Further, according to the configuration, capaci-
tively-coupled two pixel electrodes in each pixel area are
connected via a transistor to each other. Therefore, each pixel
electrode does not float electrically. This suppresses image
sticking in pixels etc. in the liquid crystal display device
including the active matrix substrate, and thus achieves high
display quality.



US 2012/0105735 Al

[0246] The active matrix substrate can be configured such
that (i) a data signal line connected via a transistor to each of
pixel electrodes included in one of two pixel areas adjacent to
each other in the column direction and (ii) a data signal line
connected via a transistor to each of pixel electrodes included
in the other one of the two pixel areas are different data signal
lines.

[0247] The active matrix substrate can be configured such
that: two pixel electrodes are arranged in the column direction
in a pixel area; and (i) a transistor electrically connected to
one of two pixel electrodes that are included in respective two
pixel areas adjacent to each other in the row direction, that are
each connected via a transistor to a data signal line, and that
diagonally face each other and (ii) a transistor electrically
connected to the other one of the two pixel electrodes are
connected to an identical scanning signal line.

[0248] The active matrix substrate can be configured such
that a pixel area includes: a first capacitor electrode that is
electrically connected to one of two pixel electrodes included
in the pixel area and that overlaps the other one of the two
pixel electrodes via an inter-layer insulation film; and a sec-
ond capacitor electrode that overlaps said one of the two pixel
electrodes via the inter-layer insulation film and that is elec-
trically connected to said other one of the two pixel elec-
trodes.

[0249] The active matrix substrate can be configured such
that two scanning signal lines that correspond to arow of pixel
areas are arranged on both sides of the row or are arranged so
as to overlap both edges of the row.

[0250] The active matrix substrate can be configured such
that each of the first and second capacitor electrodes overlaps
a retention capacitor wire via a gate insulation film.

[0251] The active matrix substrate can be configured such
that the first capacitor electrode electrically connected to said
one of the two pixel electrodes included in the pixel area and
the second capacitor electrode electrically connected to said
other one of the two pixel electrodes are symmetrically
arranged with respect to a point.

[0252] The active matrix substrate can be configured such
that: the inter-layer insulation film is constituted by an inor-
ganic insulation film and an organic insulation film; and at
least part of each of areas of the organic insulation film, which
areas overlap the respective first and second capacitor elec-
trodes, is removed or is small in thickness.

[0253] A liquid crystal display device of the present inven-
tion is a liquid crystal display device including the foregoing
active matrix substrate, wherein: in a predetermined frame, (i)
one of two scanning signal lines that correspond to one of two
rows of pixel areas and (ii) one of two scanning signal lines
that correspond to the other one of the two rows of pixel areas
are selected simultaneously so that data signals are written
simultaneously to the two rows of pixel areas; and in a frame
other than the predetermined frame, (a) the other one of the
two scanning signal lines that correspond to said one of the
two rows of pixel areas and (b) the other one of the two
scanning signal lines that correspond to said other one of the
two rows of pixel areas are selected simultaneously so that
data signals are written simultaneously to the two rows of
pixel areas.

[0254] The liquid crystal display device can be configured
such that the two rows of pixel areas are adjacent to each
other.

[0255] The liquid crystal display device can be configured
such that (i) a data signal line connected via a transistor to
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each of pixel electrodes included in one of two pixel areas that
are adjacent to each other in the column direction and (ii) a
data signal line connected via a transistor to each of pixel
electrodes included in the other one of the two pixel areas are
different data signal lines, and are supplied with data signals
having respective opposite polarities.

[0256] The liquid crystal display device can be configured
such that (i) a data signal line connected via a transistor to
each of pixel electrodes included in one of two pixel areas that
are adjacent to each other in the row direction and (ii) a data
signal line connected via a transistor to each of pixel elec-
trodes included in the other one of the two pixel areas are
supplied with data signals having respective opposite polari-
ties.

[0257] The liquid crystal display device can be configured
such that: in an odd-numbered frame, (i) one of two scanning
signal lines that correspond to one of two rows of pixel areas
and (ii) one of two scanning signal lines that correspond to the
other one of the two rows of pixel areas are selected simulta-
neously; and in an even-numbered frame, (a) the other one of
the two scanning signal lines that correspond to said one of
the two rows of pixel areas and (b) the other one of the two
scanning signal lines that correspond to said other one of the
two rows of pixel areas are selected simultaneously.

[0258] The liquid crystal display device can be configured
such that a polarity of a data signal supplied to an identical
data signal line is reversed for every two frames.

[0259] The liquid crystal display device can be configured
such that: in each of first two successive frames, (i) one oftwo
scanning signal lines that correspond to one of two rows of
pixel areas and (ii) one of two scanning signal lines that
correspond to the other one of the two rows of pixel areas are
selected simultaneously; and in each of second two succes-
sive frames subsequent to the first two successive frames, (a)
the other one of the two scanning signal lines that correspond
to said one of the two rows of pixel areas and (b) the other one
of the two scanning signal lines that correspond to said other
one of the two rows of pixel areas are selected simultaneously.

[0260] The liquid crystal display device can be configured
such that a polarity of a data signal supplied to an identical
data signal line is reversed for every one frame.

[0261] The liquid crystal display device can be configured
such that: each horizontal scanning period includes a pre-
charge period during which a certain electric potential is
supplied to each data signal line; and during a pre-charge
period during simultaneous selection, scanning signal lines,
out of four scanning signal lines that correspond to the two
rows of pixel areas, that are not being selected simultaneously
are each turned ON and OFF.

[0262] The liquid crystal display device can be configured
such that: each horizontal scanning period includes a pre-
charge period during which a certain electric potential is
supplied to each data signal line; and during a pre-charge
period that comes before simultaneous selection, four scan-
ning signal lines that correspond to the two rows of pixel areas
are each turned ON and OFF in synchronization with one
another.

[0263] A liquid crystal display device of the present inven-
tion can be a liquid crystal display device including the fore-
going active matrix substrate, wherein: (i) one of two scan-
ning signal lines that correspond to one of two rows of pixel
areas and (i1) one of two scanning signal lines that correspond
to the other one of the two rows of pixel areas are selected
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simultaneously so that data signals are written simulta-
neously to the two rows of pixel areas

[0264] The liquid crystal display device can be configured
such that the two rows of pixel areas are adjacent to each
other.

[0265] The liquid crystal display device can be configured
such that (i) a data signal line connected via a transistor to
each of pixel electrodes included in one of two pixel areas that
are adjacent to each other in the column direction and (ii) a
data signal line connected via a transistor to each of pixel
electrodes included in the other one of the two pixel areas are
different data signal lines, and are supplied with data signals
having respective opposite polarities.

[0266] The liquid crystal display device can be configured
such that (i) a data signal line connected via a transistor to
each of pixel electrodes included in one of two pixel areas that
are adjacent to each other in the row direction and (ii) a data
signal line connected via a transistor to each of pixel elec-
trodes included in the other one of the two pixel areas are
supplied with data signals having respective opposite polari-
ties.

[0267] The liquid crystal display device can be configured
such that: each horizontal scanning period includes a pre-
charge period during which a certain electric potential is
supplied to each data signal line; and during a pre-charge
period during simultaneous selection, scanning signal lines,
out of four scanning signal lines that correspond to the two
rows of pixel areas, that are not being selected simultaneously
are each turned ON and OFF.

[0268] The liquid crystal display device can be configured
such that: each horizontal scanning period includes a pre-
charge period during which a certain electric potential is
supplied to each data signal line; and during a pre-charge
period that comes before simultaneous selection, four scan-
ning signal lines that correspond to the two rows of pixel areas
are each turned ON and OFF in synchronization with one
another.

[0269] A liquid crystal panel of the present invention
includes the foregoing active matrix substrate. A liquid crys-
tal display unit of the present invention includes: the forego-
ing liquid crystal panel; and a driver. A liquid crystal display
device of the present invention includes: the foregoing liquid
crystal display unit; and a light source device. A television
receiver of the present invention includes: the foregoing lig-
uid crystal display device; and a tuner section for receiving
television broadcasting.

[0270] As has been described, according to the present
invention, it is possible to improve display quality of a liquid
crystal display device which employs a capacitively-coupled
type pixel-division system and carries out simultaneous
selection of two lines.

[0271] The invention is not limited to the foregoing
embodiments. An embodiment altered as appropriate based
on the common general technical knowledge and an embodi-
ment derived from a combination thereof are also encom-
passed in the embodiments of the invention.

INDUSTRIAL APPLICABILITY

[0272] Aliquid crystal panel in accordance with the present
invention is suitable for a liquid crystal television, for
example.

REFERENCE SIGNS LIST

[0273] S5a through 5/ Liquid crystal panel
[0274] 12a through 12/, 12A through 12H Transistor
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[0275] 15x, 15y, 15x, 15Y Data signal line
[0276] 16a through 16/ Scanning signal line
[0277] 17a through 17/ Pixel electrode

[0278] 17A through 17H Pixel electrode
[0279] 18p through 185 Retention capacitor wire
[0280] 22 Gate insulation film

[0281] 24 Semiconductor layer

[0282] 25 Inorganic insulation film

[0283] 26 Organic insulation film

[0284] 37a,37h, 37A, 37B Capacitor electrode
[0285] 84 Liquid crystal display unit

[0286] 101 though 108 Pixel

[0287] 601 Television receiver

[0288] 800 Liquid crystal display device

1. An active matrix substrate comprising pixel areas,
wherein:
the pixel areas (i) each include two pixel electrodes con-
nected to each other via a capacitor and (ii) are arranged
in a row direction and a column direction, the column
direction being a direction in which each data signal line
extends,
two data signal lines are provided in such a way as to
correspond to a column of pixel areas and two scanning
signal lines are provided in such a way as to correspond
to a row of pixel areas, and
in respect to a pixel area that belongs to the column of pixel
areas and to the row of pixel areas, a transistor connected
to one of the two scanning signal lines is electrically
connected to one of two pixel electrodes included in the
pixel area, a transistor connected to the other one of the
two scanning signal lines is electrically connected to the
other one of the two pixel electrodes, and each of these
transistors is electrically connected to an identical data
signal line that is one of the two data signal lines.
2. An active matrix substrate comprising pixel areas,
wherein:
the pixel areas (i) each include two pixel electrodes con-
nected to each other via a capacitor and (ii) are arranged
in a row direction and a column direction, the column
direction being a direction in which each data signal line
extends,
two data signal lines are provided in such a way as to
correspond to a column of pixel areas and two scanning
signal lines are provided in such a way as to correspond
to a row of pixel areas, and
in respect to a pixel area that belongs to the column of pixel
areas and to the row of pixel areas, a transistor connected
to one of the two scanning signal lines is electrically
connected to one of two pixel electrodes included in the
pixel area and to one of the two data signal lines, and a
transistor connected to the other one of the two scanning
signal lines is electrically connected to the other one of
the two pixel electrodes and to a retention capacitor
wire.
3. An active matrix substrate comprising pixel areas,
wherein:
the pixel areas (i) each include two pixel electrodes con-
nected to each other via a capacitor and (ii) are arranged
in a row direction and a column direction, the column
direction being a direction in which each data signal line
extends,
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two data signal lines are provided in such a way as to
correspond to a column of pixel areas and two scanning
signal lines are provided in such a way as to correspond
to a row of pixel areas, and

inrespect to a pixel area that belongs to the column of pixel
areas and to the row of pixel areas, a transistor connected
to one of the two scanning signal lines is electrically
connected to one of two pixel electrodes included in the
pixel area and to one of the two data signal lines, and a
transistor connected to the other one of the two scanning
signal lines is electrically connected to each of the two
pixel electrodes.

4. The active matrix substrate according to claim 1,
wherein (i) a data signal line connected via a transistor to each
ofpixel electrodes included in one of two pixel areas adjacent
to each other in the column direction and (ii) a data signal line
connected via a transistor to each of pixel electrodes included
in the other one of the two pixel areas are different data signal
lines.

5. The active matrix substrate according to claim 1,
wherein:

two pixel electrodes are arranged in the column direction in
a pixel area; and

(1) a transistor electrically connected to one of two pixel
electrodes that are included in respective two pixel areas
adjacent to each other in the row direction, that are each
connected via a transistor to a data signal line, and that
diagonally face each other and (ii) a transistor electri-
cally connected to the other one of the two pixel elec-
trodes are connected to an identical scanning signal line.

6. The active matrix substrate according to claim 1,
wherein two scanning signal lines that correspond to a row of
pixel areas are arranged on both sides of the row or are
arranged so as to overlap both edges of the row.

7. The active matrix substrate according to claim 1,
wherein a pixel area includes:

a first capacitor electrode that is electrically connected to
one of two pixel electrodes included in the pixel area and
that overlaps the other one of the two pixel electrodes via
an inter-layer insulation film; and

a second capacitor electrode that overlaps said one of the
two pixel electrodes via the inter-layer insulation film
and that is electrically connected to said other one of the
two pixel electrodes.

8. The active matrix substrate according to claim 7,
wherein each of the first and second capacitor electrodes
overlaps a retention capacitor wire via a gate insulation film.

9. The active matrix substrate according to claim 7,
wherein the first capacitor electrode electrically connected to
said one of the two pixel electrodes included in the pixel area
and the second capacitor electrode electrically connected to
said other one of the two pixel electrodes are symmetrically
arranged with respect to a point.

10. The active matrix substrate according to claim 7,
wherein:

the inter-layer insulation film is constituted by an inorganic
insulation film and an organic insulation film; and

at least part of each of areas of the organic insulation film,
which areas overlap the respective first and second
capacitor electrodes, is removed or is small in thickness.

11. A liquid crystal display device comprising an active
matrix substrate recited in claim 1, wherein:

in a predetermined frame, (i) one of two scanning signal
lines that correspond to one of two rows of pixel areas
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and (ii) one of two scanning signal lines that correspond
to the other one of the two rows of pixel areas are
selected simultaneously so that data signals are written
simultaneously to the two rows of pixel areas; and

in a frame other than the predetermined frame, (a) the other
one of the two scanning signal lines that correspond to
said one of the two rows of pixel areas and (b) the other
one of the two scanning signal lines that correspond to
said other one of the two rows of pixel areas are selected
simultaneously so that data signals are written simulta-
neously to the two rows of pixel areas.

12. The liquid crystal display device according to claim 11,
wherein the two rows of pixel areas are adjacent to each other.

13. The liquid crystal display device according to claim 12,
wherein (i) a data signal line connected via a transistor to each
of pixel electrodes included in one of two pixel areas that are
adjacent to each other in the column direction and (ii) a data
signal line connected via a transistor to each of pixel elec-
trodes included in the other one of the two pixel areas are
different data signal lines, and are supplied with data signals
having respective opposite polarities.

14. The liquid crystal display device according to claim 11,
wherein (i) a data signal line connected via a transistor to each
of pixel electrodes included in one of two pixel areas that are
adjacent to each other in the row direction and (ii) a data
signal line connected via a transistor to each of pixel elec-
trodes included in the other one of the two pixel areas are
supplied with data signals having respective opposite polari-
ties.

15. The liquid crystal display device according to claim 11,
wherein:

in an odd-numbered frame, (i) one of two scanning signal
lines that correspond to one of two rows of pixel areas
and (ii) one of two scanning signal lines that correspond
to the other one of the two rows of pixel areas are
selected simultaneously; and

in an even-numbered frame, (a) the other one of the two
scanning signal lines that correspond to said one of the
two rows of pixel areas and (b) the other one of the two
scanning signal lines that correspond to said other one of
the two rows of pixel areas are selected simultaneously.

16. The liquid crystal display device according to claim 15,
wherein a polarity of a data signal supplied to an identical data
signal line is reversed for every two frames.

17. The liquid crystal display device according to claim 11,
wherein:

in each of first two successive frames, (i) one of two scan-
ning signal lines that correspond to one of two rows of
pixel areas and (ii) one of two scanning signal lines that
correspond to the other one of the two rows of pixel areas
are selected simultaneously; and

in each of second two successive frames subsequent to the

first two successive frames, (a) the other one of the two

scanning signal lines that correspond to said one of the

two rows of pixel areas and (b) the other one of the two

scanning signal lines that correspond to said other one of

the two rows of pixel areas are selected simultaneously.

18. The liquid crystal display device according to claims

17, wherein a polarity of a data signal supplied to an identical
data signal line is reversed for every one frame.
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19. The liquid crystal display device according to claim 11,

wherein:

each horizontal scanning period includes a pre-charge
period during which a certain electric potential is sup-
plied to each data signal line; and

during a pre-charge period during simultaneous selection,
scanning signal lines, out of four scanning signal lines
that correspond to the two rows of pixel areas, that are
not being selected simultaneously are each turned ON
and OFF.

20. The liquid crystal display device according to claim 11,

wherein:

each horizontal scanning period includes a pre-charge
period during which a certain electric potential is sup-
plied to each data signal line; and

during a pre-charge period that comes before simultaneous
selection, four scanning signal lines that correspond to
the two rows of pixel areas are each turned ON and OFF
in synchronization with one another.

21. A liquid crystal display device comprising an active

matrix substrate recited in claim 1, wherein:

(i) one of two scanning signal lines that correspond to one
of two rows of pixel areas and (ii) one of two scanning
signal lines that correspond to the other one of the two
rows of pixel areas are selected simultaneously so that
data signals are written simultaneously to the two rows
of pixel areas.

22. The liquid crystal display device according to claim 21,

wherein the two rows of pixel areas are adjacent to each other.

23. The liquid crystal display device according to claim 22,

wherein (i) a data signal line connected via a transistor to each
of pixel electrodes included in one of two pixel areas that are
adjacent to each other in the column direction and (ii) a data
signal line connected via a transistor to each of pixel elec-
trodes included in the other one of the two pixel areas are
different data signal lines, and are supplied with data signals
having respective opposite polarities.

24. The liquid crystal display device according to claim 21,

wherein (i) a data signal line connected via a transistor to each
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of pixel electrodes included in one of two pixel areas that are
adjacent to each other in the row direction and (ii) a data
signal line connected via a transistor to each of pixel elec-
trodes included in the other one of the two pixel areas are
supplied with data signals having respective opposite polari-
ties.
25. The liquid crystal display device according to claim 21,
wherein:
each horizontal scanning period includes a pre-charge
period during which a certain electric potential is sup-
plied to each data signal line; and
during a pre-charge period during simultaneous selection,
scanning signal lines, out of four scanning signal lines
that correspond to the two rows of pixel areas, that are
not being selected simultaneously are each turned ON
and OFF.
26. The liquid crystal display device according to claim 21,
wherein:
each horizontal scanning period includes a pre-charge
period during which a certain electric potential is sup-
plied to each data signal line; and
during a pre-charge period that comes before simultaneous
selection, four scanning signal lines that correspond to
the two rows of pixel areas are each turned ON and OFF
in synchronization with one another.
27. A liquid crystal panel comprising an active matrix
substrate recited in claim 1.
28. A liquid crystal display unit comprising:
a liquid crystal panel recited in claim 27; and
a driver.
29. A liquid crystal display device comprising:
a liquid crystal display unit recited in claim 28; and
a light source device.
30. A television receiver comprising:
a liquid crystal display device recited in claim 29; and
a tuner section for receiving television broadcasting.
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