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7) ABSTRACT

A color display pixel P, in a liquid crystal display device
(100) includes first through fourth pixels P, through P,
arrayed in two rows by two columns, and first and second
signal lines (134, 136) which are located in correspondence
with each column of pixels and are supplied with signal
voltages of polarities opposite to each other from a signal line
driving circuit (30) in each vertical scanning period. A TFT
(14) of one of the first and third pixel P, and P, is connected
to the first signal line (13a), and a TFT (14) of the other pixel
is connected to the second signal line (135). ATFT (14) of one
of the second and fourth pixel P, and P, is connected to the
first signal line (13a), and a TFT (14) of the other pixel is
connected to the second signal line (135). The TFTs (14) of
the first through fourth pixels P, through P, are controlled to
be ON/OFF by a common scanning signal, and the polarities
of the signal voltages supplied to the first and second signal

(30) Foreign Application Priority Data lines (13a,13b) are constant during an arbitrary vertical scan-
ning period. Owing to this, the load on the signal line driving
Jan. 29,2010 (JP) oo 2010-019258 circuit is reduced.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, and specifically to a liquid crystal display device
for providing color display by four or more types of pixels for
displaying different colors from each other.

BACKGROUND ART

[0002] Today, liquid crystal display devices are used in
various applications. Each of pixels in a liquid crystal display
device exhibits a luminance in accordance with the level of
voltage applied to a liquid crystal layer. As an electrical rep-
resentation, the pixel is represented as a liquid crystal capaci-
tance formed by pixel electrode/liquid crystal layer/counter
electrode. The level of voltage applied to the pixel (liquid
crystal layer) is represented based on the potential of the
counter electrode. A liquid crystal material is a dielectric
material, and is deteriorated when being supplied with a DC
voltage for a long period of time. In order to prevent this, the
polarity (direction) of the voltage (electric field) applied to the
liquid crystal layer is inverted at intervals of a certain time
period (referred to as the “AC driving”). Frame inversion
driving (or field inversion driving), by which the polarity of
the voltage (direction of the electric field) applied to each
pixel is inverted at intervals of a vertical scanning period is
adopted.

[0003] However, in mass-produced liquid crystal display
devices, it is difficult to accurately match the absolute values
of the voltage before and after the polarity inversion of volt-
age. Hach time the polarity is inverted, the absolute value of
the voltage is slightly changed. As a result, while a still image
is displayed, each time the polarity is inverted, the luminance
is changed and thus the display flickers. According to a
method for reducing the flicker, pixels supplied with voltages
of opposite polarities are located to be adjacent to each other
in a display area, so that the luminances of the pixels are
spatially averaged. By use of this effect, the flickeris reduced.
A representative technique of such a method is “one-dot
inversion driving”, by which the polarities of the voltages
applied to the adjacent pixels are made opposite to each other.
The term “dot” means the pixel.

[0004] In a conventionally common liquid crystal display
device, one color display includes three pixels for displaying
red, green and blue, which are the three primary colors of
light. The luminance of each pixel is controlled to provide
color display. The color display pixel and the pixel may
occasionally be referred to as the “pixel” and “sub pixel”,
respectively (see, for example, Patent Document 1). When
one-dot inversion driving is performed in a liquid crystal
display device in which one color display pixel includes R, G
and B pixels arrayed in a row direction, the polarities of the
pixels in one row become R(+), G(-), B(+), R(-), G(+), B(-).
Namely, when the polarities of the voltages applied to pixels
adjacent to each other are made inverted to each other, the
polarities of the voltages applied to pixels of a same color
which are adjacent to each other are also made inverted to
each other.

[0005] Recently, in order to enlarge the range of colors
which can be displayed by a liquid crystal display device
(referred to as the “color reproduction range™), techniques of
using an increased number of primary colors for display have
been proposed. For example, Patent Document 1 discloses a
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liquid crystal display device in which a color display pixel
includes a red (R) pixel, a green (G) pixel, a blue (B) pixel,
and a pixel of at least one more color (vellow (Y) pixel, a cyan
(C) pixel, amagenta (M) pixel or a white (W) pixel). When the
white pixel is used, the color reproduction range cannot be
enlarged but the display luminance can be increased.

[0006] As shown in FIG. 8(a) of Patent Document 1, when
one-dot inversion driving is performed in a liquid crystal
display device in which two color pixels are alternately
arrayed in the row direction, the polarities of the pixels in one
row become, for example, R(+), Y(=), R(+), Y(-). Namely,
pixels ofthe same color are supplied with voltages of the same
polarity. When display is provided with pixels of a particular
color (e.g., when red is displayed in the entire screen), flicker
occurs.

[0007] Patent Document 1 describes that flicker can be
prevented by the following. A color display pixel includes
four or more pixels, which include N pixels (N is an integer of
2 or greater) at least in a vertical scanning direction (column
direction). Two-dot inversion driving (by which the polarity is
inverted every second column of pixels) is performed in a
horizontal scanning direction (row direction). and N horizon-
tal line inversion driving (by which the polarity is inverted
every N’th row of pixels) is performed in the vertical scanning
direction.

[0008] Patent Document 2 also discloses a liquid crystal
display device in which a color display pixel includes pixels
arrayed in two rows by row columns, although this is not for
the purpose of enlarging the color reproduction range (in
Patent Document 2, the color display pixel is referred to as the
“picture element”). As examples of combination of four pix-
els included in the color display pixel, Patent Document 2
shows a combination of one blue pixel, one red pixel and two
green pixels, and a combination of one blue pixel, one red
pixel, one green pixel and one white pixel. The liquid crystal
display device disclosed in Patent Document 2 includes one
scanning line common to the four pixels included in the color
display pixel and four signal lines (two signal lines are pro-
vided in each of two positions sandwiching two pixels
arrayed in the column direction). The polarities of the volt-
ages supplied to adjacent signal lines are opposite to each
other. Signal lines connected to pixels located at correspond-
ing positions in color display pixels adjacent to each other in
the row direction have different positional relationships from
each other with respect to the corresponding pixels. As a
result, the polarities of the signal voltages supplied to pixels
of a same color which are adjacent to each other in the row
direction are opposite to each other. Therefore, flicker can be
prevented.

CITATION LIST

Patent Literature

[0009] Patent Document 1: Japanese Laid-Open Patent
Publication No. 2008-76416

[0010] Patent Document 2: Japanese Laid-Open Patent
Publication No. 2001-33757
SUMMARY OF INVENTION
Technical Problem

[0011] Currently, liquid crystal display devices operable by
double speed or quadruple speed driving and thus having
improved moving image display characteristics have been put
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into practical use. More specifically, liquid crystal display
devices in which the vertical scanning period is Y20 sec. or
1440 sec. have been developed, as opposed to a conventional
liquid crystal display device in which the vertical scanning
period is Yo sec. (vertical scanning frequency is 60 Hz).
These newly developed liquid crystal display devices are for
HDTYV, and the display screen thereof has been progressively
enlarged.

[0012] The “vertical scanning period” means a time period
from when a scanning line (gate bus line) is selected until the
same scanning line is selected the next time. In a conventional
liquid crystal display device in which double speed driving is
not performed, when the video signal is a signal for non-
interlace driving, 1 vertical scanning period corresponds to 1
frame period of the video signal, whereas when the video
signal is a signal for interlace driving, 1 vertical scanning
period corresponds to 1 field of the video signal. For example,
in the case of an NTSC signal, 1 vertical scanning period in a
liquid crystaldisplay device is 16.7 msec, which is the inverse
of the field frequency of the NTSC signal (60 Hz). Since
interlace driving is not performed in a liquid crystal display
device, asignal voltage is written to all the pixels in both of an
odd numbered field and an even numbered field. Therefore,
the inverse of the field frequency of the NTSC signal is the
vertical scanning period.

[0013] When dot inversion driving is performed in a liquid
crystal display device including a great number of pixels,
which is operable at 120 Hz or 240 Hz, for example, a liquid
crystal display device for HDTYV, the load on the signal line
driving circuit (source driver) for supplying a signal voltage
to the signal lines is increased. Namely, the power consump-
tion by the signal line driving circuit is increased, and thus the
caloric value is increased.

[0014] When the technology described in Patent Document
1 or 2 is adopted, flicker can be prevented in a liquid crystal
display device in which the color display pixel includes four
pixels arrayed in two rows by two columns as described
above, but the load on the signal line driving circuit is large. In
addition, when the vertical scanning frequency (also referred
to simply as the “driving frequency”) is high, flicker is diffi-
cult to be visually recognized. From the point of view of
industrial production, it is important that the load on the
signal line driving circuit should be reduced.

[0015] The present invention made in light of the above-
described problems has a main object of reducing the load on
the signal line driving circuit in a liquid crystal display device
in which a color display pixel includes four pixels arrayed in
two rows by two columns.

Solution to Problem

[0016] A liquid crystal display device according to the
present invention includes a plurality of pixels arrayed in a
matrix of a plurality of rows by a plurality of columns. The
liquid crystal display device includes an active matrix sub-
strate including a pixel electrode provided for each of the
plurality of pixels, a switching element connected to the pixel
electrode, a plurality of scanning lines extending in a row
direction, and a plurality of signal lines extending in a column
direction; a counter substrate facing the active matrix sub-
strate; a liquid crystal layer provided between the active
matrix substrate and the counter substrate; a scanning line
driving circuit for supplying a scanning signal to each of the
plurality of scanning lines; and a signal line driving circuit for
supplying a positive or negative signal voltage to each of the
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plurality of signal lines. The plurality of pixels form a plural-
ity of color display pixels, and the plurality of color display
pixels each include first, second, third and fourth pixels
arrayed in two rows by two columns; wherein the first pixel
and the second pixel are adjacent to each other in the row
direction, the third pixel and the fourth pixel are adjacent to
each other in the row direction, the first pixel and the third
pixel are adjacent to each other in the column direction, and
the second pixel and the fourth pixel are adjacent to each other
in the column direction. The plurality of signal lines include
first and second signal lines which are located in correspon-
dence with each column of pixels and are supplied with signal
voltages of opposite polarities from each other from the signal
line driving circuit in each vertical scanning period. In an
arbitrary color display pixel, the switching element of one of
the first and third pixels is connected to the first signal line, the
switching element of the other of the first and third pixels is
connected to the second signal line, the switching element of
one of the second and fourth pixels is connected to the first
signal line, the switching element of the other of the second
and fourth pixels is connected to the second signal line, and
the switching elements of the first, second, third and fourth
pixels are controlled to be ON/OFF by a common scanning
signal. During an arbitrary vertical scanning period, the
polarities of the signal voltages supplied to the first and sec-
ond signal lines are constant. The polarities of the signal
voltages supplied to the first and second signal lines are
inverted at intervals of a vertical scanning period or at inter-
vals of two or more vertical scanning periods. The color
display pixel may include pixels in 2 rows by an even number
of columns.

[0017] Inanembodiment, in a color display pixel adjacent
to the arbitrary color display pixel in the column direction, the
switching element of one of the first and third pixels is con-
nected to the second signal line, the switching element of the
other ofthe firstand third pixels is connected to the first signal
line, the switching element of one of the second and fourth
pixels is connected to the second signal line, and the switch-
ing element of the other of the second and fourth pixels is
connected to the first signal line.

[0018] Inan embodiment, in an arbitrary vertical scanning
period, a polarity of the signal voltage supplied to each of the
first, second, third and fourth pixels included in an arbitrary
color display pixel, and a polarity of the signal voltage sup-
plied to each of the first, second, third and fourth pixels
included in a color display pixel adjacent to the arbitrary color
display pixel in the row direction, are opposite to each other.

[0019] Inan embodiment, in an arbitrary vertical scanning
period, the polarities of the voltage signals supplied to the first
pixel and the second pixel included in an arbitrary first color
display pixel are opposite to each other, and the polarities of
the voltage signals supplied to the third pixel and the fourth
pixel included in the arbitrary first color display pixel are
opposite to each other.

[0020] Inan embodiment, in an arbitrary vertical scanning
period, the polarities of the signal voltages supplied to two
arbitrary signal lines adjacent to each other, among the plu-
rality of signals, are opposite to each other.

[0021] In an embodiment, in an arbitrary color display
pixel, the switching elements of the first, second, third and
fourth pixels are connected to a common scanning line.
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[0022] Inanembodiment, the first, second, third and fourth
pixels include one of a yellow pixel, a cyan pixel, a magenta
pixel and a white pixel in addition to a red pixel, a blue pixel
and a green pixel.

[0023] In an embodiment, for displaying an intermediate
gray scale level, the plurality of pixels each include a bright
sub pixel exhibiting a luminance higher than that of the gray
scale level to be displayed and a dark sub pixel exhibiting a
luminance lower than that of the gray scale level to be dis-
played.

[0024] In an embodiment, the vertical scanning period is
20 seconds or shorter.

[0025] A liquid crystal display device in an embodiment is
of a VA mode, for example, of a PSA mode.

Advantageous Effects of Invention

[0026] According to the present invention, in a liquid crys-
tal display device in which a color display pixel includes four
pixels arrayed in two rows by two columns, the load on the
signal line driving circuit can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0027] FIG.1(a)is a schematic plan view of a liquid crystal
display device 100 in an embodiment according to the present
invention; and FIG. 1(4) is a schematic view showing electri-
cal connections regarding pixels in a liquid crystal display
panel 10.

[0028] FIG. 2 shows connections between TFTs 14 of four
pixels P, through P, and two signal lines 13, and a polarity
distribution of signal voltages supplied to the pixels, in a
liquid crystal display panel 10A.

[0029] FIG. 3 shows connections between TFTs 14 of four
pixels P, through P, and two signal lines 13, and a polarity
distribution of signal voltages supplied to the pixels, in a
liquid crystal display panel 10B.

[0030] FIG. 4 shows connections between TFTs 14 of four
pixels P, through P, and two signal lines 13, and a polarity
distribution of signal voltages supplied to the pixels, in a
liquid crystal display panel 10C.

[0031] FIG. 5 shows connections between TFTs 14 of four
pixels P, through P, and two signal lines 13, and a polarity
distribution of signal voltages supplied to the pixels, in a
liquid crystal display panel 10D.

[0032] FIG. 6 shows connections between TFTs of pixels
and signal lines, and gate signals, in a liquid crystal display
panel 10E having a multi-pixel structure.

[0033] FIG. 7 shows an equivalent circuit of three pixels
(three pixels enclosed by the one-dot chain line in FIG. 6) in
the liquid crystal display panel 10E.

[0034] FIG. 8is a schematic plan view of a pixel electrode
11A usable for a PSA mode liquid crystal display devicein an
embodiment according to the present invention.

DESCRIPTION OF EMBODIMENTS

[0035] Hereinafter, liquid crystal display devices in
embodiments according to the present invention will be
described with reference to the drawings. The present inven-
tion is not limited to the following embodiments provided as
examples.

[0036] With reference to FIGS. 1(a) and (), a structure of
aliquid crystal display device 100 in an embodiment accord-
ing to the present invention will be described. FIG. 1(a) is a
schematic plan view of the liquid crystal display device 100,
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and FIG. 1(5) is a schematic view showing electrical connec-
tions regarding pixels in a liquid crystal display panel 10.

[0037] As shown in FIG. 1(a), the liquid crystal display
device 100 includes the liquid crystal display panel 10 includ-
ing a plurality of pixels P arrayed in a mattix of a plurality of
rows by a plurality of columns, and a scanning line driving
circuit (gate driver) 20 and a signal line driving circuit (source
driver) 30 both for supplying driving signals to the liquid
crystal display panel 10.

[0038] The plurality of pixels P in the liquid crystal display
panel 10 form a plurality of color display pixels P -, and each
ofthe color display pixels P, includes four pixels P. The four
pixels P are a first pixel P,, a second pixel P,, a third pixel P,
and a fourth pixel P, which are arrayed in two rows by two
columns. The first pixel P, and the second pixel P, are adja-
cent to each other in a row direction, and the third pixel P, and
the fourth pixel P, are adjacent to each other in the row
direction. The first pixel P, and the third pixel P, are adjacent
to each other in a column direction, and the second pixel P,
and the fourth pixel P, are adjacent to each other in the
column direction.

[0039] In this example, the first pixel P, is a red (R) pixel,
the second pixel P, 1s a yellow (R) pixel, the third pixel P; is
a blue (B) pixel, and the fourth pixel P, is a green (G) pixel.
FIG. 1(a) shows one row and one column of the color display
pixels and omits the other color display pixels. The same
color display pixels as those shown in the figure are arrayed in
amatrix. The colors of the four pixels P, through P, included
in the color display pixel are not limited to the above. From
the point of view of color reproducibility, it is preferable that
at least R, G and B pixels are included. Preferably, the other
color is yellow (Y), cyan (C) or magenta (M), but may be
white (W).

[0040] Itis not necessary that the four pixels P, through P,
all have the same size. From the point of view of color repro-
ducibility, it is preferable that the red pixel and the blue pixel
are larger than the pixels of the other two colors. In order to
provide the scanning lines and the signal lines linearly, it is
preferable that each pixel is generally rectangular, that the
first pixel P, and the second pixel P, arrayed in the row
direction have an equal length in the column direction, that
the third pixel P, and the fourth second pixel P, arrayed in the
row direction have an equal length in the column direction,
that the first pixel P, and the third pixel P, arrayed in the
column direction have an equal length (width) in the row
direction, and that the second pixel P, and the fourth pixel P,
arrayed in the column direction have an equal length (width)
in the row direction. Preferably, the color display pixel P, is
generally square.

[0041] Now, with reference to FIG. 1(b), electrical connec-
tions regarding a pixel in the liquid crystal display panel 10
will be described. FIG. 1(b) is a plan view of an active matrix
substrate (TFT substrate) 10a included in the liquid crystal
display panel 10, but omits a liquid crystal layerand a counter
substrate located to face the active matrix substrate 10a with
the liquid crystal layer being held therebetween. The counter
substrate typically includes a counter electrode, a color filter
layer, a light blocking layer (black matrix), and the like. The
color filter layer may be provided in the active matrix sub-
strate. As is well known, in a liquid crystal display device of
an IPS mode or an FFS mode, the counter electrode may be
provided in the active matrix substrate.
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[0042] FIG. 1() shows an area of the active matrix sub-
strate 10a which corresponds to four pixels included in one
color display pixel P,

[0043] As shown in FIG. 1(b), the active matrix substrate
10a includes a pixel electrode 11 provided for each of the
pixels P, a switching element (in this example, TFT) 14 con-
nected to the pixel electrode 11, a plurality of scanning lines
(gate bus lines) 12 extending in the row direction, and a
plurality of signal lines (source bus lines) 13 extending in the
column direction. The scanning line driving circuit 20 shown
in FIG. 1(a) supplies a scanning signal to each of the plurality
of scanning lines 12, and the signal line driving circuit 30
shown in FIG. 1(a) supplies a positive or negative signal
voltage to each of the plurality of signal lines 13. Herein, a
TFT type liquid crystal display device including the TFT 14
as a switching element will be described, but the switching
element may be anything which operates in substantially the
same manner as the TFT 14.

[0044] The plurality of signal lines 13 include a first signal
line 134 and a second signal line 135 which are provided in
correspondence with each column of pixels. The first signal
line 13a and the second signal line 135 are supplied with
signal voltages of opposite polarities from each other from the
signal line driving circuit 30 in each vertical scanning period.
For example, while the first signal line 134 is supplied with a
positive signal voltage, the second signal line 135 is supplied
with a negative signal voltage. Herein, among the two signal
lines 134 and 135 located in correspondence with each col-
umn of pixels, the left signal line is referred to as the “first
signal line 13a” and the right signal line is referred to as the
“second signal line 135”. The polarities of the signal voltages
supplied to the first signal line 13a and the second signal line
135 are independent in each column of pixels. Specifically,
referring to FIG. 1(b), the polarity of the signal voltage sup-
plied to a firstsignal line S , ., located in correspondence with
an n’th column of pixels, and the polarity of the signal voltage
supplied to a first signal line S ., , located in correspondence
with the (n+1)th column of pixels, are independent from each
other. Similarly, the polarity of the signal voltage supplied to
a second signal line S, located in correspondence with the
n’th column of pixels, and the polarity of the signal voltage
supplied to a second signal line S, located in cotrespon-
dence with the (n+1)th column of pixels, are independent
from each other. In the above, the polarity of the signal volt-
age supplied to the first signal line S, and the polarity of the
signal voltage supplied to the second signal line S, are
opposite to each other. The polarity of the signal voltage
supplied to the first signal line S, , , and the polarity of the
signal voltage supplied to the second signal line S, ,, are
opposite to each other.

[0045] In an arbitrary color display pixel P, the TFT 14
of one of the first pixel P, and the third pixel P, is connected
to the first signal line 134, and the TFT 14 of the other of the
first pixel P, and the third pixel P; is connected to the second
signal line 135. The TFT 14 of one of the second pixel P, and
the fourth pixel P, is connected to the first signal line 13a, and
the TFT 14 of the other of the second pixel P, and the fourth
pixel P, is connected to the second signal line 1354. In this
example, the TFT 14 of the first pixel P, is connected to the
first signal line 13a, and the TFT 14 of the third pixel P; is
connected to the second signal line 135. The TFT 14 of the
third pixel P, is connected to the second signal line 135, and
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the TFT 14 ofthe fourth pixel P, is connected to the first signal
line 13a. The TFTs may each be connected to the opposite
signal line.

[0046] The TFTs 14 of the four pixels P, through P, are all
controlled to be ON/OFF by a common scanning signal. In
this example, the TFTs 14 of the four pixels P, through P, are
all connected to a common scanning line 12. Alternatively, as
long as the TFTs 14 are controlled to be ON/OFF by a com-
mon scanning signal, the scanning signal may be supplied
from different scanning lines. For example, as described later,
in the case where one pixel electrode includes two sub pixel
electrodes, specifically, a bright sub pixel exhibiting a lumi-
nance higher than that of the gray scale level to be displayed
and a dark sub pixel exhibiting a luminance lower than that of
the gray scale level to be displayed, two scanning lines are
provided in correspondence with the two sub pixel electrodes
and a common scanning signal is supplied to the scanning
lines.

[0047] With such a structure, the four pixels P, through P,
included in one color display pixel P, are driven by one
scanning line G,,,, and four signal lines S,y Sy Soan)
and S, . As a result, although the number of rows of pixels
is larger (twice) than that in a conventional stripe-array struc-
ture (in which four color pixels are provided in each row, and
pixels of one of the colors are provided in each column), the
time required for supplying a signal voltage to each pixel
(time period in which the TFT 14 is in an ON state; also
referred to as the “write time”) can be the same as in the
conventional stripe-array structure. Accordingly, there is no
obstacle against double speed or quadruple speed driving
performed on the scanning and signal lines.

[0048] Inaddition, the polarity of the voltage applied to the
first pixel P, and the polarity of the voltage applied to the third
pixel P, are opposite to each other, and the polarity of the
voltage applied to the second pixel P, and the polarity of the
voltage applied to the fourth pixel P, are opposite to each
other. Therefore, among two among the four pixels P, through
P, included in each color display pixel P, two pixels are
supplied with a positive voltage, and the other two pixels are
supplied with a negative voltage.

[0049] In the liquid crystal display device 100 in an
embodiment according to the present invention, during an
arbitrary vertical scanning period, the polarities of the signal
voltages supplied to the first signal line 13a and the second
signal line 135 are constant. Needless to say, in the liquid
crystal display device 100, AC driving is performed and there-
fore the polarities of the signal voltages supplied to the first
signal line 13a and the second signal line 134 are inverted at
intervals of a vertical scanning period. Namely, the signal line
driving circuit 30 merely inverts the polarity of the signal
voltage supplied to each signal line 13 at intervals of a vertical
scanning period, regardless of the number of rows of pixels
(i.e., the cycle of polarity inversion is twice the vertical scan-
ning period). Therefore, the load on the signal line driving
circuit 30 of the liquid crystal display device 100 is smaller
than the load on the signal line driving circuit in the liquid
crystal display devices described in Patent Documents 1 and
2 or a conventionally common stripe array type liquid crystal
display device. In this example, the polarity of the signal
voltage supplied to each signal line 13 is inverted at intervals
of a vertical scanning period. Alternatively, the polarity of the
signal voltage supplied to each signal line 13 may be inverted
at intervals of two or more vertical scanning periods. For
example, when one, same image is written with the same
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polarity for two vertical scanning periods during driving at
240 Hz, there is an advantage that a sufficient time for charg-
ing the pixel can be obtained. As the cycle of polarity inver-
sion is longer, the power consumption is smaller.

[0050] The above-described advantage of the liquid crystal
display device 100 is conspicuous when double speed or
quadruple speed driving is performed, namely, when the ver-
tical scanning period is Y120 sec. or less. Even when the
conventional 60 Hz driving is performed, there is an advan-
tage that the power consumption can be reduced. Therefore,
as described in Patent Documents 1 and 2, it is preferable that
the liquid crystal display device is structured so as to prevent
flicker. Hereinafter, with reference to F1G. 2 through FIG. 5,
a structure for preventing flicker will be described.

[0051] FIG. 2 through FIG. 5 show the connections
between the TFTs 14 of the four pixels P, through P, and the
two signal lines 13, and a polarity distribution of the signal
voltages applied to the pixels, in liquid crystal display panels
10A through 10D usable as the liquid crystal display panel 10
of the liquid crystal display device 100.

[0052] The liquid crystal display panels 10A through 10D
shown in FIG. 2 through FIG. 5 each have the structure of the
liquid crystal display panel 10 described above with reference
to FIG. 1. The polarity of the signal voltage supplied to each
signal line 13 is not changed during the vertical scanning
period and is inverted at intervals of a vertical scanning
period. FIG. 2 through FIG. 5 show the polarities of the signal
voltages applied to the pixels in a certain vertical scanning
period. At the next vertical scanning period, the polarities of
the signal voltages applied to the pixels are all inverted.
[0053] In the liquid crystal display panels 10A and 10B
shown in FIG. 2and FIG. 3, among the four signal lines S, ),
S0 Saesry and Sy, 1y, the signal lines S, and S .., are
of the same polarity (in this example, positive), and the signal
lines S,y and S,,,,, are of the same polarity (in this
example, negative). By contrast, in the liquid crystal display
panels 10C and 10D shown in FIG. 4 and FIG. 5, among the
four signal lines Sy, S, Sypry a0d Sy, 5, the signal
lines S,y and S,,,,, are of the same polarity (in this
example, positive), and the signal lines S,,,, and S .,y are of
the same polarity (in this example, negative).

[0054] As shown in FIG. 2 and FIG. 3, when the polarities
of the signal voltages supplied to arbitrary two signal lines
adjacent to each other are opposite to each other, the follow-
ing advantages are obtained. For example, it is now assumed
that there is a small foreign object on the signal lines and a
small leak current is generated between the two signal lines
(e.g., Sy and S, ) via the foreign object. In this case,
when the polarities of the voltages supplied to the signal lines
close to each other are opposite to each other, a relatively high
voltage is applied between these signal lines. As a result, a
relatively large current flows in the foreign object. When this
occurs, the foreign object is destroyed by the Joule heat, and
as aresult, the leak defect may be repaired. In addition, when
the polarities of the signal voltages supplied to signal lines
adjacent to each other are opposite to each other, the signal
line driving circuit for dot inversion driving of a conventional
liquid crystal display device having a stripe array of R, G and
B pixels can be used as it is.

[0055] Regarding the liquid crystal display panel 10A
shown in FIG. 2, in the color display pixel P, including the
first pixel P, of an m’th row and the n’th column, the TFT 14
of the first pixel P, is connected to the first signal line S,
and the TFT 14 of the third pixel P, is connected to the second
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signal line S, . The TFT 14 of the second pixel P, is con-
nected to the second signal line S, , ,,, and the TFT 14 of the
fourth pixel P, is connected to the first signal line 8, ,, .
Accordingly, regarding the polarities of the signal voltages
supplied to the four pixels P, through P, the polarities of the
signal voltages supplied to the first pixel P, and the second
pixel P, are opposite to each other, and the polarities of the
signal voltages supplied to the third pixel P, and the fourth
pixel P, are opposite to each other.

[0056] Next, the color display pixel P, including the first
pixel P, of the (m+1)th row and the n’th column will be
described. In this color display pixel, the TFT 14 of the first
pixel P, is connected to the second signal line S, and the
TFT 14 of the third pixel P, is connected to the first signal line
Sagny- The TFT 14 of the second pixel P, is connected to the
first signal line S, ,,, and the TF'T 14 of'the fourth pixel P,
is connected to the second signal line S,,, .

[0057] Namely, in one of two color display pixels adjacent
to each other in the column direction, the connection relation-
ship between the TFTs 14 of the four pixels P, through P, and
the two signal lines 13 (e.g., signal lines S, and S, and
signal lines S, ., and S, , ) is opposite to that in the other
ofthe two color display pixels. As a result, the polarities of the
voltages applied to the pixels of a same color which are
adjacent to each other in the column direction are opposite to
each other. For example, the first pixel P, of the m’th row and
the n’th column is supplied with a positive voltage, and the
first pixel P, of the (m+1)th row and the n’th column is
supplied with a negative voltage. Regarding the second
through fourth pixels also, the polarities of the voltages
applied to the pixels of a same color which are adjacent to
each other in the column direction are opposite to each other.

[0058] Next, the color display pixel P, including the first
pixel P, of the m’th row and the (n+2)th column will be
described. In this color display pixel, the TFT 14 of the first
pixel P, is connected to the second signal line S, , ., and the
TFT 14 of the third pixel P, is connected to the first signal line
S na2) The TFT 14 of the second pixel P, is connected to the
first signal line S5, and the TFT 14 of the fourth pixel P,
is connected to the second signal line S, 5.

[0059] Namely, in one of two color display pixels adjacent
to each other in the row direction, the connection relationship
between the TFTs 14 of the four pixels P, through P, and the
twosignal lines 13 (e.g., signal lines S,,,,, and S, and signal
lines S,,,,,,and S, ) is opposite to that in the other of the
two color display pixels. As a result, the polarities of the
voltages applied to the pixels of a same color which are
adjacentto each other in the row direction are opposite to each
other. For example, the first pixel P, of the m’th row and the
n’th column is supplied with a positive voltage, and the first
pixel P, of the m’th row and the (n+2)th column is supplied
with a negative voltage. Regarding the second through fourth
pixels also, the polarities of the voltages applied to the pixels
of a same color which are adjacent to each other in the row
direction are opposite to each other.

[0060] As can be seen from FIG. 2, the polarity of the
voltage applied to the first pixel P, (hatched) in one color
display pixel is opposite to that in a color display pixel adja-
cent to the one color display pixel in the column direction, and
is opposite to that in a color display pixel adjacent to the one
color display pixel in the row direction. The second through
fourth pixels also have this relationship. Accordingly, the
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liquid crystal display panel 10A can prevent flicker as the
liquid crystal display devices described in Patent Documents
1 and 2.

[0061] Now, FIG. 3 will be referred to. Regarding the liquid
crystal display panel 10B shown in FIG. 3, in the color display
pixel P, including the first pixel P, of the m’th row and the
n’th column, the TFT 14 of the first pixel P, is connected to
the first signal line S ,,,, and the TFT 14 of the third pixel P,
is connected to the second signal line 3, . The TFT 14 of the
second pixel P, is connected to the first signalline S ,,,. ), and
the TFT 14 of the fourth pixel P, is connected to the second
signal line S,,,, . The connection relationship between the
TFTs 14 and the two signal lines 8, ), and S ,,,,. |, regarding
the second pixel P, and the fourth pixel P, is opposite to that
of the liquid crystal display panel 10A shown in FIG. 2.
Accordingly, regarding the polarities of the signal voltages
supplied to the four pixels P, through P, the polarities of the
signal voltages supplied to the first pixel P, and the second
pixel P, are the same as each other, and the polarities of the
signal voltages supplied to the third pixel P, and the fourth
pixel P, are the same as each other.

[0062] Next, the color display pixel P, including the first
pixel P, of the (m+1)th row and the n’th column will be
described. In this color display pixel, the TFT 14 of the first
pixel P, is connected to the second signal line S, and the
TFT 14 of the third pixel P, is connected to the first signal line
Sagn)- The TET 14 of the second pixel P, is connected to the
second signal line S,,.,, and the TF'T 14 of the fourth pixel
P, is connected to the first signal line S, .

[0063] Namely, in one of two color display pixels adjacent
to each other in the column direction, the connection relation-
ship between the TFTs 14 of the four pixels P, through P, and
the two signal lines 13 (e.g., signal lines S, and S, and
signal lines S, .,y and S, ) is opposite to that in the other
ofthe two color display pixels. As a result, the polarities of the
voltages applied to the pixels of a same color which are
adjacent to each other in the column direction are opposite to
each other. For example, the first pixel P, of the m’th row and
the n’th column is supplied with a positive voltage, and the
first pixel P, of the (m+1)th row and the n’th column is
supplied with a negative voltage. Regarding the second
through fourth pixels also, the polarities of the voltages
applied to the pixels of a same color which are adjacent to
each other in the column direction are opposite to each other.
[0064] Next, the color display pixel P, including the first
pixel P, of the m’th row and the (n+2)th column will be
described. In this color display pixel, the TFT 14 of the first
pixel P, is connected to the second signal line S, , »,, and the
TFT 14 of the third pixel P, is connected to the first signal line
Satnsz The TFT 14 of the second pixel P, is connected to the
second signal line S, 5), and the TFT 14 of' the fourth pixel
P, is connected to the first signal line S, 5.

[0065] Namely, in one of two color display pixels adjacent
to each other in the row direction, the connection relationship
between the TFTs 14 of the four pixels P, through P, and the
two signal lines 13 (e.g., signal lines S, and S,,, . and signal
lines S ..,y and S,,,, »)) is opposite to that in the other of the
two color display pixels. As a result, the polarities of the
voltages applied to the pixels of a same color which are
adjacent to each other in the row direction are opposite to each
other. For example, the first pixel P, of the m’th row and the
n’th column is supplied with a positive voltage, and the first
pixel P, of the m’th row and the (n+2)th column is supplied
with a negative voltage. Regarding the second through fourth
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pixels also, the polarities of the voltages applied to the pixels
of a same color which are adjacent to each other in the row
direction are opposite to each other.

[0066] As can be seen from FIG. 3, the polarity of the
voltage applied to the first pixel P, (hatched) in one color
display pixel is opposite to that in a color display pixel adja-
cent to the one color display pixel in the column direction, and
is opposite to that in a color display pixel adjacent to the one
color display pixel in the row direction. The second through
fourth pixels also have this relationship. Accordingly, the
liquid crystal display panel 10B can also prevent flicker as the
liquid crystal display devices described in Patent Documents
land?2.

[0067] Now, FIG. 4 will be referred to. Regarding the liquid
crystal display panel 10C shown in FIG. 4, in the color display
pixel P, including the first pixel P, of the m’th row and the
n’th column, the TFT 14 of the first pixel P, is connected to
the first signal line S,,,,, and the TFT 14 of the third pixel P,
is connected to the second signal line S, ). The TFT 14 of the
second pixel P, is connected to the first signal line S ,,,. , and
the TFT 14 of the fourth pixel P, is connected to the second
signal line S, .

[0068] Theconnection relationship between the TFTs 14 of
the four pixels P, through P, and the two signal lines 13 in the
liquid crystal display panel 10C is the same as that of the
liquid crystal display panel 10B shown in FIG. 3. The differ-
ence between the liquid crystal display panel 10C and the
liquid crystal display panel 10B is in the polarities of the
voltage signals supplied to the signal lines 13. Specifically, in
the liquid crystal display panel 10B, among the four signal
lines Sy, S;, 8,441y @00 Sy, 1 corresponding to one color
display pixel, the signal lines S, and 8, ,, are of the same
polarity (in this example, positive), and the signal lines S,
and S, are of the same polarity (in this example, nega-
tive). By contrast, in the liquid crystal display panel 10C,
among the four signal lines S, S5, S,¢,.1 1 and Sy, the
signal lines S, and S,,,,, are of the same polarity (in this
example, positive), and the signal lines S, and S ., are of
the same polarity (in this example, negative).

[0069] As is clear from a comparison between FIG. 4 and
FIG. 3, if the polarities of the second pixel P, and the fourth
pixel P, in FI1G. 3 are inverted, the polarity distribution of FIG.
3 matches the polarity distribution of FIG. 4. In the liquid
crystal display device 10C, regarding the polarities of the
signal voltages supplied to the four pixels P, through P,, the
polarities of the signal voltages supplied to the first pixel P,
and the second pixel P, are opposite to each other, and the
polarities of the signal voltages supplied to the third pixel P,
and the fourth pixel P, are opposite to each other.

[0070] As can be seen from FIG. 4, the polarity of the
voltage applied to the first pixel P, (hatched) in one color
display pixel is opposite to that in a color display pixel adja-
cent to the one color display pixel in the column direction, and
is opposite to that in a color display pixel adjacent to the one
color display pixel in the row direction. The second through
fourth pixels also have this relationship. Accordingly, the
liquid crystal display panel 10C can also prevent flicker as the
liquid crystal display devices described in Patent Documents
land2.

[0071] Now, FIG. 5 will be referred to. Regarding the liquid
crystal display panel 10D shown in FIG. 5, in the color dis-
play pixel P, including the first pixel P, of the m’th row and
the n’th column, the TFT 14 of the first pixel P, is connected
to the first signal line S,,,, and the TFT 14 of the third pixel
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P, is connected to the second signal line S,,,. The TFT 14 of
the second pixel P, is connected to the second signal line
Ssgre1), and the TFT 14 of the fourth pixel P, is connected to
the first signal line S, , .

[0072] The connection relationship between the TFTs 14 of
the four pixels P, through P, and the two signal lines 13 in the
liquid crystal display panel 10D is the same as that of the
liquid crystal display panel 10A shown in FIG. 2. The differ-
ence between the liquid crystal display panel 10D and the
liquid crystal display panel 10A is in the polarities of the
voltage signals supplied to the signal lines 13. Specifically, in
the liquid crystal display panel 10A, among the four signal
lines S, Sy Sy¢e1y a0d S, ) corresponding to one color
display pixel, the signal lines S, and S,,,,, ,, are of the same
polarity (in this example, positive), and the signal lines S, ,
and S,y are of the same polarity (in this example, nega-
tive). By contrast, in the liquid crystal display panel 10D,
among the four signal lines S, S, S,y and Sy, 1, the
signal lines S, and S,,, ,, are of the same polarity (in this
example, positive), and the signal lines S, and S, |, are of
the same polarity (in this example, negative).

[0073] As is clear from a comparison between FIG. 5 and
[0074] FIG.2,ifthepolarities of the second pixel P, and the
fourth pixel P, in FIG. 5 are inverted, the polarity distribution
of FIG. 5 matches the polarity distribution of FIG. 2. In the
liquid crystal display device 10D, regarding the polarities of
the signal voltages supplied to the four pixels P, through P,,
the polarities of the signal voltages supplied to the first pixel
P, and the second pixel P, are the same as each other, and the
polarities of the signal voltages supplied to the third pixel P
and the fourth pixel P, are the same as each other.

[0075] As can be seen from FIG. 5, the polarity of the
voltage applied to the first pixel P, (hatched) in one color
display pixel is opposite to that in a color display pixel adja-
cent to the one color display pixel inthe column direction, and
is opposite to that in a color display pixel adjacent to the one
color display pixel in the row direction. The second through
fourth pixels also have this relationship. Accordingly, the
liquid crystal display panel 10D can also prevent flicker as the
liquid crystal display devices described in Patent Documents
1 and 2.

[0076] Now, with reference to FIG. 6 and FIG. 7, a structure
and operation of a liquid crystal display panel 10E having a
multi-pixel structure will be described. The “multi-pixel
structure” is a structure in which for displaying a certain
intermediate gray scale level, each pixel includes a bright sub
pixel exhibiting a luminance higher than that of the gray scale
level to be displayed and a dark sub pixel exhibiting a lumi-
nance lower than that of the gray scale level to be displayed.
By introducing the multi-pixel structure, the viewing angle
dependence of the y characteristic can be alleviated. As the
multi-pixel structure, a structure described in Japanese Laid-
Open Patent Publication No. 2006-133577, for example, can
be adopted. The disclosure of Japanese Laid-Open Patent
Publication No. 2006-133577 is entirely incorporated herein
by reference.

[0077] FIG. 6 shows the connection relationship between
the TFTs of the pixels and the signal lines, and also shows the
timing at which a gate signal as a scanning signal is turned
ON. FIG. 7 shows an equivalent circuit of three pixels
enclosed by the one-dot chain line in F1G. 6.

[0078] The liquid crystal display panel 10E shown in FIG.
6 is obtained as a result of applying the multi-pixel structure
to the liquid crystal display panel 10A shown in FIG. 2. The
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four pixels P, through P, each include a sub pixel Paand a sub
pixel Pb. In this example, the sub pixel Pa is a bright sub pixel,
and the sub pixel Pb is a dark sub pixel. The bright sub pixel
Pa and the dark sub pixel Pb are obtained as a result of
dividing each pixel into two in the column direction. Here, for
the sake of simplicity, the bright sub pixel Pa and the dark sub
pixel Pb are shown as having an approximately equal area
size. Nonetheless, the area size ratio of the bright sub pixel Pa
and the dark sub pixel Pb is not limited to this, and may be
changed when necessary. As shown here as an example, it is
preferable that the bright pixels Pa in the four pixels P,
through P, included in the color display pixel P, are located
at a center of the color display pixel P, in the column
direction. Namely, it is preferable that the lower sub pixels in
the first pixel P, and the second pixel P, and the upper sub
pixelsinthe third pixel P; and the fourth pixel P, are the bright
sub pixels Pa.

[0079] If there is a dark sub pixel between the bright sub
pixels in the first and second pixels and the bright sub pixels
in the third and fourth pixels, colors may blur. For example,
when a white square or rectangle having edges parallel to the
rows of pixels is displayed, at the upper edge of the rectangle,
the bright sub pixels in the first and second pixels of the row
of pixels corresponding to the edge are conspicuous. Namely,
the bright sub pixels in the pixels of two colors are conspicu-
ous. As a result, the color of the upper edge of the white
rectangle appears to blur. In the case where, as described
above, the bright sub pixels Pa of the four pixels P, through P,
included in the color display pixel P, are located at a center
of the color display pixel P in the column direction, the
bright sub pixels Pa of the four pixels are close to each other.
Therefore, color blur can be prevented.

[0080] As shown in FIG. 6, the four pixels P, through P,
each include the bright sub pixel Paand the dark sub pixel Pb.
The bright sub pixel Pa is connected to a TFT 14a, and the
dark sub pixel Pb is connected to a TFT 14b. Gates of the
TFTs 14a and 144 are connected to a common scanning line
12, and sources of the TFTs 14a and 145 are connected to a
common signal line 13. Namely, the sub pixels Pa and Pb each
include a sub pixel electrode corresponding to the pixel elec-
trode 11 shown in FIG. 1(b). The sub pixel electrodes of the
sub pixels Pa and Pb are connected to drains of the corre-
sponding TFTs 14a and 145 and are connected to the common
signal line (source sub line) 13 via the TFTs 14a and 145.

[0081] In the liquid crystal display panel 10A shown in
FIG. 2, the TFTs 14 of the first pixel P,, the second pixel P,,
the third pixel P; and the fourth pixel P,, namely, four TFTs
14 in total are connected to the common scanning line (gate
sub line) 12. By contrast, in the liquid crystal display panel
10E, the TFTs of the bright sub pixel and the dark sub pixel of
the first pixel P, and the bright sub pixel and the dark sub pixel
ofthe second pixel P,, namely, four TFTs 14@ and 145 in total
are connected to a common scanning line (gate sub line) 12
(e.g., the upper scanning line G,y in FIG. 6). Similarly, the
TFTs of the bright sub pixel and the dark sub pixel of the third
pixel P and the bright sub pixel and the dark sub pixel of the
fourth pixel P,, namely, four TFTs 14a and 14 in total are
connected to another common scanning line 12 (e.g., the
lower scanning line G,,, in FIG. 6). As shownin FIG. 6, these
two scanning lines 12 are supplied with a common gate sig-
nal. Referring to FIG. 6, during the period in which the gate
signal is HIGH, the TFTs 14a and 145 are in an ON state, and
signal voltages are supplied from the corresponding signal
lines 13. Accordingly, the sub pixels of the four pixels P,
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through P, (eight sub pixels in total) in the liquid crystal
display panel 10E are each supplied with a corresponding
signal voltage when the corresponding TFTs 14a and 145 are
turned ON (like the four pixels P, through P, in the liquid
crystal display panel 10A). The gates of the TFTs 14a and 145
are controlled to be ON/OFF by a common gate signal.
[0082] The four pixels P, through P, in the liquid crystal
display panel 10E each further include a third TFT 14c¢. As
shown in FIG. 7, the third TFT 14¢ switches the electrical
connection between a capacitance CSb of the dark sub pixel
Pb and a buffer capacitance CSc connected parallel thereto. A
gate of the TFT 14c¢ is connected to the next-stage scanning
line (e.g., G,,,,), and is put into an ON state at the same
timing as the TFTs 14a and 144 of the next-stage color display
pixel, namely, the color display pixel which is adjacent to the
color display pixel of interest in the column direction. By
putting the third TFT 14¢ into an ON state, the sub pixel Pb
becomes a dark sub pixel.

[0083] With reference to FIG. 7, an operation of forming
the bright sub pixel Pa and the dark sub pixel Pb in the first
pixel P, of the m’th row and the n’th column of the liquid
crystal display panel 10E will be described.

[0084] When a gate signal of the scanning line G,
becomes HIGH, the TFTs 14a and 144 are put into an ON
state, and a prescribed signal (herein, V 4, is supplied from the
signal line S, to the sub pixels Pa and Pb. Thus, a liquid
crystal capacitance Clca and a storage capacitance CSa of the
sub pixel Pa (these capacitances are also referred to as the
“sub pixel capacitance Cp,”) and a liquid crystal capacitance
Clcb and a storage capacitance CSb of the sub pixel Pb (these
capacitances are also referred to as the “sub pixel capacitance
Cp,”) are charged. One of the pixel electrodes forming each
of the liquid crystal capacitances Clca and Clcb is the sub
pixel electrode of the corresponding sub pixel, and the other
electrode is the counter electrode. The counter electrode is
supplied with a common voltage (counter voltage) COM.
One of the electrodes forming each of the storage capaci-
tances CSa and CSb is a storage capacitance electrode and is
connected to a drain electrode of the TFT 14a or 145. Thus,
the storage capacitance electrode is supplied with the same
voltage as that of the sub pixel electrode of the corresponding
sub pixel. The other electrode forming each of the storage
capacitances CSa and CSb is connected to a storage capaci-
tance line (Cs) 15 and is supplied with a storage capacitance
voltage.

[0085] At this point, a gate signal of the scanning line
Gus1y 18 LOW, and thus the TFT 14¢ is in an OFF state. In the
buffer capacitance CSc, the signal voltage written in the
immediately previous vertical scanning period (herein, V,_
1)) is retained. The liquid crystal display panel 10E is driven
by frame inversion driving. Therefore, the polarity of the
voltage which is written in the current vertical scanning
period is opposite to the polarity of the voltage written in the
immediately previous vertical scanning period.

[0086] Next, when the gate signal of the scanning line G,,,,
becomes LOW and the TFTs 14a and 145 are put into an OFF
state, the sub pixel capacitances C,, and Cy, are put into the
state of retaining V .

[0087] Next, when the gate signal of the scanning line G ,,,
1) becomes HIGH, the TFT 14c¢ is put into an ON state. When
TFT 14c¢ is put into the ON state, the sub pixel capacitance
Cp,, and the buffer capacitance CSc are connected parallel to
each other. Accordingly, the charges stored in the sub pixel
capacitance Cp, and the charges stored in the buffer capaci-
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tance CSc are re-distributed such that voltage V , retained by
the sub pixel capacitance C,, and voltage V,_,, retained by
the buffer capacitance CSc are equal to each other. At this
point, V,_,, has a polarity opposite to the polarity of the V..
Therefore, the overall charge amount stored in the sub pixel
capacitance Cp, and the buffer capacitance CSc is reduced,
and the voltage of the sub pixel capacitance C,, becomes
lower than voltage V ;. (the absolute value of the voltage of
the sub pixel capacitance C,, becomes smaller than that of
Viw)- As aresult, the luminance of the sub pixel Pb becomes
lower than the luminance of the sub pixel Pa in which voltage
Vi 18 retained.

[0088] Even in the case where the polarity of the signal
voltage supplied to each signal line is inverted at intervals of
two vertical scanning periods, the above-described operation
is usable to make the sub pixel Pb a dark sub pixel. For
example, after a negative signal voltage is applied, the polar-
ity is inverted to write a positive signal voltage. As a result, as
described above, the luminance of the sub pixel Pb becomes
lower than the luminance of the sub pixel Pa. Even when the
same positive voltage is supplied after this, the luminance of
the sub pixel Pb is not changed. However, in consideration of
the average luminance during the two vertical scanning peri-
ods in which the positive signal voltage is supplied, the aver-
age luminance of the sub pixel Pb is lower than the luminance
ofthe sub pixel Pa. Accordingly, even when the polarity ofthe
signal voltage supplied to each signal line is inverted at inter-
vals of two vertical scanning periods, the effect of the multi-
pixel structure can be provided.

[0089] The multi-pixel structure described in Japanese
Laid-Open Patent Publication No. 2006-133577 is preferably
usable for a vertical alignment type liquid crystal display
device in which a plurality of liquid crystal domains are
formed in one pixel and which provides display in a normally
black mode. (Typically. the plurality of liquid crystal domains
include four liquid crystal domains, the directors of which
have azimuth angles of 45°, 135°, 225° and 315° (where the
rightward direction, i.e., the 3 o’clock direction of a clock
face 15 0°, and the counterclockwise direction is the positive
direction) at least when a voltage is applied to the liquid
crystal layer.)

[0090] Another multi-pixel structure usable for a liquid
crystal display device according to the present invention is
disclosed in Japanese Laid-Open Patent Publication No.
2004-62146 (U.S. Pat. No. 6,958,791) filed by the present
applicant. According to this multi-pixel structure, a storage
capacitance is provided for each of a plurality of sub pixels
included in one pixel, and a storage capacitance counter elec-
trode forming the storage capacitance (connected to the CS
bus line) is made electrically independent for each sub pixel.
The voltages supplied to the storage capacitance counter elec-
trodes (referred to as the “‘storage capacitance counter capaci-
tances”) are made different. By use of capacitance division,
the effective voltages applied to a plurality of areas of the
liquid crystal layer corresponding to the plurality of sub pix-
els are made different. The disclosure of Japanese Laid-Open
Patent Publication No. 2004-62146 (U.S. Pat. No. 6,958,791)
is entirely incorporated herein by reference.

[0091] As a vertical alignment type liquid crystal display
device, Japanese Laid-Open Patent Publication No. 2006-
133577 describes a liquid crystal display device of the so-
called MVA mode. In an MVA mode liquid crystal display
device, linear slits formed in electrodes and linear dielectric
projections (ribs) formed on the electrodes on the liquid crys-
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tal layer side are located, on the pair of substrates facing each
other while having a liquid crystal layer therebetween, to be
parallel to, and alternate to, each other when seen in a direc-
tion normal to the substrates. Owing to this, the azimuth
directions of the directors of the liquid crystal domains
formed at the time of voltage application are regulated. The
azimuth direction of each liquid crystal domain is perpen-
dicular to the azimuth direction in which the linear slits or
dielectric projections (collectively referred to as the “linear
structures™) extend.

[0092] Today, such MVA mode liquid crystal display
devices are widely used for liquid crystal TVs. However, in an
MVA mode liquid crystal display device, the alignment regu-
lating force from the linear structures regulates the azimuth
direction of the directors of the liquid crystal domains. There-
fore, there is a problem that the responsiveness of the liquid
crystal molecules is high (the alignment direction changes
fast) in the vicinity of the linear structures and low at a
position far from the linear structures.

[0093] As a vertical alignment type liquid crystal display
device having a response characteristic higher than that of the
MVA mode liquid crystal display device, a PSA mode liquid
crystal display device is known. The polymer sustained align-
ment technology (hereinafter, referred to as the “PSA tech-
nology”) is disclosed in, for example, Japanese Laid-Open
Patent Publications Nos. 2002-357830, 2003-177418 and
2006-78968, and K. Hanaoka et al., “A New MVA-LCD by
Polymer Sustained Alignment Technology”, SID 04
DIGEST, pp. 1200-1203 (2004). The disclosures of these four
documents are entirely incorporated herein by reference.

[0094] According to the PSA technology, the pretilt direc-
tion of the liquid crystal molecules is controlled as follows. A
small amount of polymerizable compound (e.g., a photopo-
lymerizable monomer or oligomer) is mixed in a liquid crys-
tal material. After a liquid crystal cell is assembled, the poly-
merizable compound is irradiated with active energy rays
(e.g., ultraviolet rays) in the state where a prescribed voltage
is applied to the liquid crystal layer. The pretilt direction of the
liquid crystal molecules is controlled by the polymer which is
thus generated. The alignment state of the liquid crystal mol-
ecules realized when the polymer is generated is maintained
(stored) even after the voltage is removed (in the absence of
the voltage). Herein, the layer formed of the polymer will be
referred to as an “alignment sustaining layer”. The alignment
sustaining layer is formed on surfaces of alignment films (on
the liquid crystal layer side). The alignment sustaining layer
does not need to be in the form of a film covering the surfaces
of the alignment films, and may be in the form of particles of
the polymer discretely provided.

[0095] The PSA technology has an advantage of adjusting
the pretilt azimuth angle and the pretilt angle of the liquid
crystal molecules by controlling the electric field or the like
formed in the liquid crystal layer. In addition, since an align-
ment sustaining layer expresses an alignment regulating force
on substantially the entire plane thereof contacting the liquid
crystal layer, a higher response characteristic than that of the
MVA mode liquid crystal display device is provided. When,
specifically, double speed driving or the like is performed, the
present invention is preferably applicable to a PSA mode
liquid crystal display device.

[0096] A PSA mode liquid crystal display device in an
embodiment according to the present invention is obtained
by, for example, using a pixel electrode 11A shown in FIG. 8
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as the pixel electrode 11 of the liquid crystal display panel 10
and applying the above-described PSA technology.

[0097] The pixel electrode 11A includes cross-shaped
trunk portions 1171 and 1172 located to overlap polarizing
axes of a pair of polarizing plates and a plurality of branch
portions 1161, 1152, 1153 and 1154 extending in a direction
of about 45° with respect to the cross-shaped trunk portions
1171 and 1122.

[0098] The trunk portions include the trunk portion 111
extending in the row direction (horizontal direction) and the
trunk portion 11¢2 extending in the column direction (vertical
direction). Where the azimuth angle of the rightward direc-
tion of the display plane (the 3 o’clock direction of a clock
face) is 0°, the plurality of branch portions include a first
group (branch portions 1151) extending at an azimuth angle
of 45° from the trunk portion, a second group (branch por-
tions 1152) extending at an azimuth angle of 135° from the
trunk portion, a third group (branch portions 1153) extending
at an azimuth angle of 225° from the trunk portion, and a
fourth group (branch portions 1154) extending at an azimuth
angle of 315° from the trunk portion. The liquid crystal mol-
ecules in the liquid crystal layer of the vertical alignment type
(having negative dielectric anisotropy) are tilted in azinmuth
directions in which the corresponding branch portions extend
because of oblique electric fields from the trunk portions and
the branch portions. A reason for this is that an oblique elec-
tric field from the branch portions extending parallel to each
other acts to tilt the liquid crystal molecules in an azimuth
direction perpendicular to the direction in which the branch
portions extend, and an oblique electric field from the trunk
portions act to tilt the liquid crystal molecules in directions in
which the corresponding branch portions extend. By use of
the PSA technology, the above-described alignment of the
liquid crystal molecules which is formed when a voltage is
applied to the liquid crystal layer can be stabilized.

[0099] Needless to say, the present invention is widely
applicable to liquid crystal display devices of, for example, an
RTN (also referred to as “VAIN”) mode, an IPS mode and an
FSS mode in addition to the liquid crystal display devices in
the above embodiments.

[0100] In the above description, the row direction is set as
the horizontal direction of the display plane and the column
direction is set as the vertical direction of the display plane.
These directions may be opposite. Namely, the gate bus lines
may be located to extend in the vertical direction and the
source bus lines may be located to extend in the horizontal
direction. In other words, the row direction and the column
direction in the above description may be exchanged.

INDUSTRIAL APPLICABILITY

[0101] The present invention is widely applicable to liquid
crystal display devices for HDTV and other applications.

REFERENCE SIGNS LIST

[0102] 10,10A,10B, 10C, 10D, 10E Liquid crystal dis-
play panel

[0103] 10a Active matrix substrate

[0104] 11 Pixel electrode

[0105] 12 Scanning line

[0106] 13 Signal line

[0107] 13a First signal line

[0108] 135 Second signal line

[0109] 14 Thin film transistor (TFT)
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[0110] 15 Storage capacitance line

[0111] 20 Scanning line driving circuit (gate driver)
[0112] 30 Signal line driving circuit (source driver)
[0113] 100 Liquid crystal display device

[0114] P P,P,,P,, P, Pixel

[0115] P, Color display pixel

1. A liquid crystal display device including a plurality of
pixels arrayed in a matrix of a plurality of rows by a plurality
of columns, the liquid crystal display device comprising:

an active matrix substrate including a pixel electrode pro-

vided for each of the plurality of pixels, a switching
element connected to the pixel electrode, a plurality of
scanning lines extending in a row direction, and a plu-
rality of signal lines extending in a column direction;

a counter substrate facing the active matrix substrate;

a liquid crystal layer provided between the active matrix

substrate and the counter substrate;

a scanning line driving circuit for supplying a scanning

signal to each of the plurality of scanning lines; and

a signal line driving circuit for supplying a positive or

negative signal voltage to each of the plurality of signal
lines;

wherein:

the plurality of pixels form a plurality of color display

pixels, and the plurality of color display pixels each
include first, second, third and fourth pixels arrayed in
two rows by two columns; wherein the first pixel and the
second pixel are adjacent to each other in the row direc-
tion, the third pixel and the fourth pixel are adjacent to
each other in the row direction, the first pixel and the
third pixel are adjacent to each other in the column
direction, and the second pixel and the fourth pixel are
adjacent to each other in the column direction;

the plurality of signal lines include first and second signal

lines which are located in correspondence with each
column of pixels and are supplied with signal voltages of
opposite polarities from each other from the signal line
driving circuit in each vertical scanning period;

in an arbitrary color display pixel, the switching element of

one of the first and third pixels is connected to the first
signal line, the switching element of the other of the first
and third pixels is connected to the second signal line,
the switching element of one of the second and fourth
pixels is connected to the first signal line, the switching
element of the other of the second and fourth pixels is
connected to the second signal line, and the switching
elements of the first, second, third and fourth pixels are
controlled to be ON/OFF by a common scanning signal;
and
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during an arbitrary vertical scanning period, the polarities
of the signal voltages supplied to the first and second
signal lines are constant.

2. The liquid crystal display device of claim 1, wherein in
a color display pixel adjacent to the arbitrary color display
pixel in the column direction, the switching element of one of
the first and third pixels is connected to the second signal line,
the switching element of the other of the first and third pixels
is connected to the first signal line, the switching element of
one of the second and fourth pixels is connected to the second
signal line, and the switching element of the other of the
second and fourth pixels is connected to the first signal line.

3. The liquid crystal display device of claim 1, wherein in
an arbitrary vertical scanning period, a polarity of the signal
voltage supplied to each of the first, second, third and fourth
pixels included in an arbitrary color display pixel, and a
polarity of the signal voltage supplied to each of the first,
second, third and fourth pixels included in a color display
pixel adjacent to the arbitrary color display pixel in the row
direction, are opposite to each other.

4. The liquid crystal display device of claim 1, wherein in
an arbitrary vertical scanning period, the polarities of the
voltage signals supplied to the first pixel and the second pixel
included inan arbitrary first color display pixel are opposite to
each other, and the polarities of the voltage signals supplied to
the third pixel and the fourth pixel included in the arbitrary
first color display pixel are opposite to each other.

5. The liquid crystal display device of claim 1, wherein in
an arbitrary vertical scanning period, the polarities of the
signal voltages supplied to two arbitrary signal lines adjacent
to each other, among the plurality of signals, are opposite to
each other.

6. The liquid crystal display device of claim 1, wherein in
an arbitrary color display pixel, the switching elements of the
first, second, third and fourth pixels are connected to a com-
mon scanning line.

7. The liquid crystal display device of claim 1, wherein the
first, second, third and fourth pixels include one of a yellow
pixel, a cyan pixel, a magenta pixel and a white pixel in
addition to a red pixel, a blue pixel and a green pixel.

8. The liquid crystal display device of claim 1, wherein for
displaying an intermediate gray scale level, the plurality of
pixels each include a bright sub pixel exhibiting a luminance
higher than that of the gray scale level to be displayed and a
dark sub pixel exhibiting a luminance lower than that of the
gray scale level to be displayed.

9. The liquid crystal display device of claim 1, wherein the
vertical scanning period is Y120 seconds or shorter.
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