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(54) LIQUID CRYSTAL DISPLAY DEVICE

(57) A color display pixel PCD in a liquid crystal dis-
play device (100) includes first through fourth pixels P1
through P4 arrayed in two rows by two columns, and first
and second signal lines (13a, 13b) which are located in
correspondence with each column of pixels and are sup-
plied 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 P1 and P3 is connected to the first signal line (13a),
and a TFT (14) of the other pixel is connected to the
second signal line (13b). A TFT (14) of one of the second
and fourth pixel P2 and P4 is connected to the first signal
line (13a), and a TFT (14) of the other pixel is connected
to the second signal line (13b). The TFTs (14) of the first
through fourth pixels P1 through P4 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 lines (13a, 13b) are constant during an arbitrary
vertical scanning period. Owing to this, the load on the
signal line driving circuit is reduced.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal display 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
representation, the pixel is represented as a liquid crystal capacitance 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 voltage. Each 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 flicker is 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 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 (yellow (Y) pixel,
a cyan (C) pixel, a magenta (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 Figure 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 of the 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 horizontal 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
pixels 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 provided in each of two positions sandwiching two
pixels arrayed in the column direction). The polarities of the voltages supplied to adjacent signal lines are opposite to
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each other. Signal lines connected to pixels located at corresponding 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
Patent Document 2: Japanese Laid-Open Patent Publication No. 2001-33757

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0010] Currently, liquid crystal display devices operable by double speed or quadruple speed driving and thus having
improved moving image display characteristics have been put into practical use. More specifically, liquid crystal display
devices in which the vertical scanning period is 1/120 sec. or 1/240 sec. have been developed, as opposed to a con-
ventional liquid crystal display device in which the vertical scanning period is 1/60 sec. (vertical scanning frequency is
60 Hz). These newly developed liquid crystal display devices are for HDTV, and the display screen thereof has been
progressively enlarged.
[0011] 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 crystal display 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, a signal 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.
[0012] 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 HDTV, the load on the signal line
driving circuit (source driver) for supplying a signal voltage to the signal lines is increased. Namely, the power consumption
by the signal line driving circuit is increased, and thus the caloric value is increased.
[0013] 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 difficult 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.
[0014] 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

[0015] 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 substrate
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 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. 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 direction, the third pixel and the fourth pixel are adjacent to each other in the row
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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. During an arbitrary vertical scanning period, the
polarities of the signal voltages supplied to the first and second 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 intervals
of two or more vertical scanning periods. The color display pixel may include pixels in 2 rows by an even number of columns.
[0016] In an embodiment, 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.
[0017] In an 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
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.
[0018] In an 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.
[0019] In an 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 plurality of signals, are opposite to each other.
[0020] 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.
[0021] In an embodiment, 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.
[0022] 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 displayed.
[0023] In an embodiment, the vertical scanning period is 1/120 seconds or shorter.
[0024] A liquid crystal display device in an embodiment is of a VA mode, for example, of a PSA mode.

ADVANTAGEOUS EFFECTS OF INVENTION

[0025] According to the present invention, in a liquid crystal 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

[0026]

[FIG. 1] 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(b) is a schematic view showing electrical connections regarding pixels in a liquid
crystal display panel 10.
[FIG. 2] FIG. 2 shows connections between TFTs 14 of four pixels P1 through P4 and two signal lines 13, and a
polarity distribution of signal voltages supplied to the pixels, in a liquid crystal display panel 10A.
[FIG. 3] FIG. 3 shows connections between TFTs 14 of four pixels P1 through P4 and two signal lines 13, and a
polarity distribution of signal voltages supplied to the pixels, in a liquid crystal display panel 10B.
[FIG. 4] FIG. 4 shows connections between TFTs 14 of four pixels P1 through P4 and two signal lines 13, and a
polarity distribution of signal voltages supplied to the pixels, in a liquid crystal display panel 10C.
[FIG. 5] FIG. 5 shows connections between TFTs 14 of four pixels P1 through P4 and two signal lines 13, and a
polarity distribution of signal voltages supplied to the pixels, in a liquid crystal display panel 10D.
[FIG. 6] FIG. 6 shows connections between TFTs of pixels and signal lines, and gate signals, in a liquid crystal
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display panel 10E having a multi-pixel structure.
[FIG. 7] 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.
[FIG. 8] FIG. 8 is a schematic plan view of a pixel electrode 11A usable for a PSA mode liquid crystal display device
in an embodiment according to the present invention.

DESCRIPTION OF EMBODIMENTS

[0027] Hereinafter, liquid crystal display devices in embodiments according to the present invention will be described
with reference to the drawings. The present invention is not limited to the following embodiments provided as examples.
[0028] With reference to FIGS. 1(a) and (b), a structure of a liquid crystal display device 100 in an embodiment
according to the present invention will be described. FIG. 1(a) is a schematic plan view of the liquid crystal display device
100, and FIG. 1(b) is a schematic view showing electrical connections regarding pixels in a liquid crystal display panel 10.
[0029] As shown in FIG. 1(a), the liquid crystal display device 100 includes the liquid crystal display panel 10 including
a plurality of pixels P arrayed in a matrix 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.
[0030] The plurality of pixels P in the liquid crystal display panel 10 form a plurality of color display pixels PCD, and
each of the color display pixels PCD includes four pixels P. The four pixels P are a first pixel P1, a second pixel P2, a
third pixel P3 and a fourth pixel P4 which are arrayed in two rows by two columns. The first pixel P1 and the second pixel
P2 are adjacent to each other in a row direction, and the third pixel P3 and the fourth pixel P4 are adjacent to each other
in the row direction. The first pixel P1 and the third pixel P3 are adjacent to each other in a column direction, and the
second pixel P2 and the fourth pixel P4 are adjacent to each other in the column direction.
[0031] In this example, the first pixel P1 is a red (R) pixel, the second pixel P2 is a yellow (R) pixel, the third pixel P3
is a blue (B) pixel, and the fourth pixel P4 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 a matrix. The colors of the four pixels P1 through P4 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).
[0032] It is not necessary that the four pixels P1 through P4 all have the same size. From the point of view of color
reproducibility, 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 P1 and the second pixel P2 arrayed in the row direction have an equal length in the column direction,
that the third pixel P3 and the fourth second pixel P4 arrayed in the row direction have an equal length in the column
direction, that the first pixel P1 and the third pixel P3 arrayed in the column direction have an equal length (width) in the
row direction, and that the second pixel P2 and the fourth pixel P4 arrayed in the column direction have an equal length
(width) in the row direction. Preferably, the color display pixel PCD is generally square.
[0033] Now, with reference to FIG. 1(b), electrical connections 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 layer and 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 substrate. 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.
[0034] FIG. 1(b) shows an area of the active matrix substrate 10a which corresponds to four pixels included in one
color display pixel PCD.
[0035] 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 connected 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.
[0036] The plurality of signal lines 13 include a first signal line 13a and a second signal line 13b which are provided
in correspondence with each column of pixels. The first signal line 13a and the second signal line 13b 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 13a is supplied with a positive signal voltage, the second signal line 13b
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is supplied with a negative signal voltage. Herein, among the two signal lines 13a and 13b located in correspondence
with each column 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 13b". The polarities of the signal voltages supplied to the first signal line 13a and the second
signal line 13b are independent in each column of pixels. Specifically, referring to FIG. 1(b), the polarity of the signal
voltage supplied to a first signal line Sa(n) located in correspondence with an n’th column of pixels, and the polarity of
the signal voltage supplied to a first signal line Sa(n+1) 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 Sb(n) located
in correspondence with the n’th column of pixels, and the polarity of the signal voltage supplied to a second signal line
Sb(n+1) located in correspondence with the (n+1)th column of pixels, are independent from each other. In the above, the
polarity of the signal voltage supplied to the first signal line Sa(n) and the polarity of the signal voltage supplied to the
second signal line Sb(n) are opposite to each other. The polarity of the signal voltage supplied to the first signal line
Sa(n+1) and the polarity of the signal voltage supplied to the second signal line Sb(n+1) are opposite to each other.
[0037] In an arbitrary color display pixel PCD, the TFT 14 of one of the first pixel Pl and the third pixel P3 is connected
to the first signal line 13a, and the TFT 14 of the other of the first pixel P1 and the third pixel P3 is connected to the
second signal line 13b. The TFT 14 of one of the second pixel P2 and the fourth pixel P4 is connected to the first signal
line 13a, and the TFT 14 of the other of the second pixel P2 and the fourth pixel P4 is connected to the second signal
line 13b. In this example, the TFT 14 of the first pixel P1 is connected to the first signal line 13a, and the TFT 14 of the
third pixel P3 is connected to the second signal line 13b. The TFT 14 of the third pixel P3 is connected to the second
signal line 13b, and the TFT 14 of the fourth pixel P4 is connected to the first signal line 13a. The TFTs may each be
connected to the opposite signal line.
[0038] The TFTs 14 of the four pixels P1 through P4 are all controlled to be ON/OFF by a common scanning signal.
In this example, the TFTs 14 of the four pixels P1 through P4 are all connected to a common scanning line 12. Alternatively,
as long as the TFTs 14 are controlled to be ON/OFF by a common 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 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, two scanning
lines are provided in correspondence with the two sub pixel electrodes and a common scanning signal is supplied to
the scanning lines.
[0039] With such a structure, the four pixels P1 through P4 included in one color display pixel PCD are driven by one
scanning line G(m), and four signal lines Sa(n), Sb(n), Sa(n+1) and Sb(n+1). As a result, although the number of rows of
pixels is larger (twice) than that in a conventional stripe-array structure (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.
[0040] In addition, the polarity of the voltage applied to the first pixel P1 and the polarity of the voltage applied to the
third pixel P3 are opposite to each other, and the polarity of the voltage applied to the second pixel P2 and the polarity
of the voltage applied to the fourth pixel P4 are opposite to each other. Therefore, among two among the four pixels P1
through P4 included in each color display pixel PCD, two pixels are supplied with a positive voltage, and the other two
pixels are supplied with a negative voltage.
[0041] 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 13b are constant. Needless to say, in the liquid crystal display device 100, AC driving is performed and therefore
the polarities of the signal voltages supplied to the first signal line 13a and the second signal line 13b 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 scanning 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 polarity for two vertical scanning periods during driving at 240 Hz, there is an advantage that a sufficient time
for charging the pixel can be obtained. As the cycle of polarity inversion is longer, the power consumption is smaller.
[0042] 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 vertical scanning period is 1/120 sec. or less. Even when the
conventional 60 Hz driving is performed, there is an advantage 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
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prevent flicker. Hereinafter, with reference to FIG. 2 through FIG. 5, a structure for preventing flicker will be described.
[0043] FIG. 2 through FIG. 5 show the connections between the TFTs 14 of the four pixels P1 through P4 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.
[0044] 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.
[0045] In the liquid crystal display panels 10A and 10B shown in FIG. 2 and FIG. 3, among the four signal lines Sa(n),
Sb(n). Sa(n+1) and Sb(n+1), the signal lines Sa(n) and Sa(n+1) are of the same polarity (in this example, positive), and the
signal lines Sb(n) and Sb(n+1) 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 Sa(n). Sb(n), Sa(n+1) and Sb(n+1), the signal
lines Sa(n) and Sb(n+1) are of the same polarity (in this example, positive), and the signal lines Sb(n) and Sa(n+1) are of
the same polarity (in this example, negative).
[0046] 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 following 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., Sb(n) and Sa(n+1)) 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 a result, 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.
[0047] Regarding the liquid crystal display panel 10A shown in FIG. 2, in the color display pixel PCD including the first
pixel P1 of an m’th row and the n’th column, the TFT 14 of the first pixel P1 is connected to the first signal line Sa(n), and
the TFT 14 of the third pixel P3 is connected to the second signal line Sb(n). The TFT 14 of the second pixel P2 is
connected to the second signal line Sb(n+1), and the TFT 14 of the fourth pixel P4 is connected to the first signal line
Sa(n+1). Accordingly, regarding the polarities of the signal voltages supplied to the four pixels P1 through P4, the polarities
of the signal voltages supplied to the first pixel P1 and the second pixel P2 are opposite to each other, and the polarities
of the signal voltages supplied to the third pixel P3 and the fourth pixel P4 are opposite to each other.
[0048] Next, the color display pixel PCD including the first pixel P1 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 P1 is connected to the second signal line Sb(n), and the
TFT 14 of the third pixel P3 is connected to the first signal line Sa(n). The TFT 14 of the second pixel P2 is connected to
the first signal line Sa(n+1), and the TFT 14 of the fourth pixel P4 is connected to the second signal line Sb(n+1).
[0049] Namely, in one of two color display pixels adjacent to each other in the column direction, the connection
relationship between the TFTs 14 of the four pixels P1 through P4 and the two signal lines 13 (e.g., signal lines Sa(n)
and Sb(n), and signal lines Sa(n+1) and Sb(n+1)) 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 column direction
are opposite to each other. For example, the first pixel P1 of the m’th row and the n’th column is supplied with a positive
voltage, and the first pixel P1 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.
[0050] Next, the color display pixel PCD including the first pixel P1 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 P1 is connected to the second signal line Sba(n+2), and
the TFT 14 of the third pixel P3 is connected to the first signal line Sa(n+1). The TFT 14 of the second pixel P2 is connected
to the first signal line Sa(n+3), and the TFT 14 of the fourth pixel P4 is connected to the second signal line Sb(n+3).
[0051] 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 P1 through P4 and the two signal lines 13 (e.g., signal lines Sa(n) and Sb(n), and
signal lines Sa(n+2) and Sb(n+2)) 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 P1 of the m’th row and the n’th column is supplied with a positive voltage, and
the first pixel P1 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.
[0052] As can be seen from FIG. 2, the polarity of the voltage applied to the first pixel P1 (hatched) in one color display
pixel is opposite to that in a color display pixel adjacent 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
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fourth pixels also have this relationship. Accordingly, the liquid crystal display panel 10A can prevent flicker as the liquid
crystal display devices described in Patent Documents 1 and 2.
[0053] Now, FIG. 3 will be referred to. Regarding the liquid crystal display panel 10B shown in FIG. 3, in the color
display pixel PCD including the first pixel P1 of the m’th row and the n’th column, the TFT 14 of the first pixel P1 is
connected to the first signal line Sa(n), and the TFT 14 of the third pixel P3 is connected to the second signal line Sb(n).
The TFT 14 of the second pixel P2 is connected to the first signal line Sa(n+1), and the TFT 14 of the fourth pixel P4 is
connected to the second signal line Sb(n+1). The connection relationship between the TFTs 14 and the two signal lines
Sa(n+1) and Sb(n+1) regarding the second pixel P2 and the fourth pixel P4 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 P1
through P4, the polarities of the signal voltages supplied to the first pixel P1 and the second pixel P2 are the same as
each other, and the polarities of the signal voltages supplied to the third pixel P3 and the fourth pixel P4 are the same
as each other.
[0054] Next, the color display pixel PCD including the first pixel P1 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 P1 is connected to the second signal line Sb(n), and the
TFT 14 of the third pixel P3 is connected to the first signal line Sa(n). The TFT 14 of the second pixel P2 is connected to
the second signal line Sb(n+1), and the TFT 14 of the fourth pixel P4 is connected to the first signal line Sa(n+1).
[0055] Namely, in one of two color display pixels adjacent to each other in the column direction, the connection
relationship between the TFTs 14 of the four pixels P1 through P4 and the two signal lines 13 (e.g., signal lines Sa(n)
and Sb(n), and signal lines Saa(n+1) and Sba(n+1)) 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 column direction
are opposite to each other. For example, the first pixel P1 of the m’th row and the n’th column is supplied with a positive
voltage, and the first pixel P1 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.
[0056] Next, the color display pixel PCD including the first pixel P1 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 P1 is connected to the second signal line Sba(n+2), and
the TFT 14 of the third pixel P3 is connected to the first signal line Sa(n+2). The TFT 14 of the second pixel P2 is connected
to the second signal line Sb(n+3), and the TFT 14 of the fourth pixel P4 is connected to the first signal line Sa(n+3).
[0057] 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 P1 through P4 and the two signal lines 13 (e.g., signal lines Sa(n) and Sb(n), and
signal lines Saa(n+2) and Sb(n+2)) 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 P1 of the m’th row and the n’th column is supplied with a positive voltage, and
the first pixel P1 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.
[0058] As can be seen from FIG. 3, the polarity of the voltage applied to the first pixel P1 (hatched) in one color display
pixel is opposite to that in a color display pixel adjacent 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 1 and 2.
[0059] Now, FIG. 4 will be referred to. Regarding the liquid crystal display panel 10C shown in FIG. 4, in the color
display pixel PCD including the first pixel P1 of the m’th row and the n’th column, the TFT 14 of the first pixel P1 is
connected to the first signal line Sa(n), and the TFT 14 of the third pixel P3 is connected to the second signal line Sb(n).
The TFT 14 of the second pixel P2 is connected to the first signal line Saa(n+1), and the TFT 14 of the fourth pixel P4 is
connected to the second signal line Sba(n+1).
[0060] The connection relationship between the TFTs 14 of the four pixels P1 through P4 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
difference 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 Sa(n), Sb, Sa(n+1) and Sb(n+1) corresponding to one color display pixel, the signal lines Sa(n) and Sa(n+1) are of the
same polarity (in this example, positive), and the signal lines Sb(n) and Sb(n+1) are of the same polarity (in this example,
negative). By contrast, in the liquid crystal display panel 10C, among the four signal lines Sa(n), Sb, Sa(n+1) and Sb(n+1),
the signal lines Sa(n) and Sb(n+1) are of the same polarity (in this example, positive), and the signal lines Sb(n) and Sa(n+1)
are of the same polarity (in this example, negative).
[0061] As is clear from a comparison between FIG. 4 and FIG. 3, if the polarities of the second pixel P2 and the fourth
pixel P4 in FIG. 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 P1 through P4, the
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polarities of the signal voltages supplied to the first pixel P1 and the second pixel P2 are opposite to each other, and the
polarities of the signal voltages supplied to the third pixel P3 and the fourth pixel P4 are opposite to each other.
[0062] As can be seen from FIG. 4, the polarity of the voltage applied to the first pixel P1 (hatched) in one color display
pixel is opposite to that in a color display pixel adjacent 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 1 and 2.
[0063] Now, FIG. 5 will be referred to. Regarding the liquid crystal display panel 10D shown in FIG. 5, in the color
display pixel PCD including the first pixel P1 of the m’th row and the n’th column, the TFT 14 of the first pixel P1 is
connected to the first signal line Sa(n), and the TFT 14 of the third pixel P3 is connected to the second signal line Sb(n).
The TFT 14 of the second pixel P2 is connected to the second signal line Sb(n+1), and the TFT 14 of the fourth pixel P4
is connected to the first signal line Sa(n+1).
[0064] The connection relationship between the TFTs 14 of the four pixels P1 through P4 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
difference 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 Sa(n), Sb, Sa(n+1) and Sb(n+1) corresponding to one color display pixel, the signal lines Sa(n) and Sa(n+1) are of the
same polarity (in this example, positive), and the signal lines Sb(n) and Sb(n+1) are of the same polarity (in this example,
negative). By contrast, in the liquid crystal display panel 10D, among the four signal lines Sa(n), Sb, Sa(n+1) and Sb(n+1),
the signal lines Sa(n) and Sb(n+1) are of the same polarity (in this example, positive), and the signal lines Sb(n) and Sa(n+1)
are of the same polarity (in this example, negative).
[0065] As is clear from a comparison between FIG. 5 and FIG. 2, if the polarities of the second pixel P2 and the fourth
pixel P4 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 P1 through P4, the
polarities of the signal voltages supplied to the first pixel P1 and the second pixel P2 are the same as each other, and
the polarities of the signal voltages supplied to the third pixel P3 and the fourth pixel P4 are the same as each other.
[0066] As can be seen from FIG. 5, the polarity of the voltage applied to the first pixel P1 (hatched) in one color display
pixel is opposite to that in a color display pixel adjacent 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 10D can also prevent flicker as the
liquid crystal display devices described in Patent Documents 1 and 2.
[0067] 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 inter-
mediate 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 luminance 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.
[0068] 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 FIG. 6.
[0069] 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 four pixels P1 through P4 each include a sub pixel Pa and
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 P1 through P4 included in the color display pixel PCD are located at a center of the color display pixel PCD
in the column direction. Namely, it is preferable that the lower sub pixels in the first pixel P1 and the second pixel P2 and
the upper sub pixels in the third pixel P3 and the fourth pixel P4 are the bright sub pixels Pa.
[0070] 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 conspicuous. 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 P1 through P4 included in the color display pixel PCD are
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located at a center of the color display pixel PCD in the column direction, the bright sub pixels Pa of the four pixels are
close to each other. Therefore, color blur can be prevented.
[0071] As shown in FIG. 6, the four pixels P1 through P4 each include the bright sub pixel Pa and 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 14b are connected to a common scanning line 12, and sources of the TFTs 14a and 14b 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 electrode 11 shown in FIG. 1(b). The sub pixel electrodes of the sub pixels Pa and Pb are connected to drains of
the corresponding TFTs 14a and 14b and are connected to the common signal line (source sub line) 13 via the TFTs
14a and 14b.
[0072] In the liquid crystal display panel 10A shown in FIG. 2, the TFTs 14 of the first pixel P1, the second pixel P2,
the third pixel P3 and the fourth pixel P4, 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 P1 and the bright sub pixel and the dark sub pixel of the second pixel P2, namely, four TFTs 14a and
14b in total are connected to a common scanning line (gate sub line) 12 (e.g., the upper scanning line G(m) in FIG. 6).
Similarly, the TFTs of the bright sub pixel and the dark sub pixel of the third pixel P3 and the bright sub pixel and the
dark sub pixel of the fourth pixel P4, namely, four TFTs 14a and 14b in total are connected to another common scanning
line 12 (e.g., the lower scanning line G(m) in FIG. 6). As shown in FIG. 6, these two scanning lines 12 are supplied with
a common gate signal. Referring to FIG. 6, during the period in which the gate signal is HIGH, the TFTs 14a and 14b
are in an ON state, and signal voltages are supplied from the corresponding signal lines 13. Accordingly, the sub pixels
of the four pixels P1 through P4 (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 14b are turned ON (like the four pixels P1 through
P4 in the liquid crystal display panel 10A). The gates of the TFTs 14a and 14b are controlled to be ON/OFF by a common
gate signal.
[0073] The four pixels P1 through P4 in the liquid crystal display panel 10E each further include a third TFT 14c. As
shown in FIG. 7, the third TFT 14c 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(m+1)), and is put into an ON state at the same timing as the TFTs 14a and 14b 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 14c into an ON state, the sub pixel Pb becomes a dark sub pixel.
[0074] With reference to FIG. 7, an operation of forming the bright sub pixel Pa and the dark sub pixel Pb in the first
pixel P1 of the m’th row and the n’th column of the liquid crystal display panel 10E will be described.
[0075] When a gate signal of the scanning line G(m) becomes HIGH, the TFTs 14a and 14b are put into an ON state,
and a prescribed signal (herein, V(k)) is supplied from the signal line Sa(n) 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 CPa") 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 CPb") 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 capacitances CSa and CSb is a storage
capacitance electrode and is connected to a drain electrode of the TFT 14a or 14b. 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 capacitance line (Cs) 15
and is supplied with a storage capacitance voltage.
[0076] At this point, a gate signal of the scanning line G(m+1) is LOW, and thus the TFT 14c is in an OFF state. In the
buffer capacitance CSc, the signal voltage written in the immediately previous vertical scanning period (herein, V(k-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.
[0077] Next, when the gate signal of the scanning line G(m) becomes LOW and the TFTs 14a and 14b are put into an
OFF state, the sub pixel capacitances CPa and CPb are put into the state of retaining V(k).
[0078] Next, when the gate signal of the scanning line G(m+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 CPb and the buffer capacitance CSc are connected
parallel to each other. Accordingly, the charges stored in the sub pixel capacitance CPb and the charges stored in the
buffer capacitance CSc are redistributed such that voltage V(k) retained by the sub pixel capacitance CPb and voltage
V(k-1) retained by the buffer capacitance CSc are equal to each other. At this point, V(k-1) has a polarity opposite to the
polarity of the V(k). Therefore, the overall charge amount stored in the sub pixel capacitance CPb and the buffer capacitance
CSc is reduced, and the voltage of the sub pixel capacitance CPb becomes lower than voltage V(k) (the absolute value
of the voltage of the sub pixel capacitance CPb becomes smaller than that of V(k)). As a result, the luminance of the sub
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pixel Pb becomes lower than the luminance of the sub pixel Pa in which voltage V(k) is retained.
[0079] 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 polarity 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 periods in which the positive signal voltage is
supplied, the average luminance of the sub pixel Pb is lower than the luminance of the sub pixel Pa. Accordingly, even
when the polarity of the signal voltage supplied to each signal line is inverted at intervals of two vertical scanning periods,
the effect of the multi-pixel structure can be provided.
[0080] 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 is 0°, and the counterclockwise direction is the positive direction) at
least when a voltage is applied to the liquid crystal layer.)
[0081] 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 (United States Patent 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 electrode 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 electrodes (referred to as the "storage capacitance counter capacitances") are made different. By use of capac-
itance division, the effective voltages applied to a plurality of areas of the liquid crystal layer corresponding to the plurality
of sub pixels are made different. The disclosure of Japanese Laid-Open Patent Publication No. 2004-62146 (United
States Patent No. 6,958,791) is entirely incorporated herein by reference.
[0082] 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
crystal 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 direction 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 perpendicular to the azimuth direction in which the linear slits or dielectric
projections (collectively referred to as the "linear structures") extend.
[0083] 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 regulating force from the linear structures regulates the azimuth
direction of the directors of the liquid crystal domains. Therefore, 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.
[0084] 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
alignment technology (hereinafter, referred to as the "PSA technology") 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.
[0085] According to the PSA technology, the pretilt direction of the liquid crystal molecules is controlled as follows. A
small amount of polymerizable compound (e.g., a photopolymerizable monomer or oligomer) is mixed in a liquid crystal
material. After a liquid crystal cell is assembled, the polymerizable 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
molecules 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.
[0086] 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 alignment
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,
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specifically, double speed driving or the like is performed, the present invention is preferably applicable to a PSA mode
liquid crystal display device.
[0087] 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 as the pixel electrode 11 of the liquid crystal display panel 10
and applying the above-described PSA technology.
[0088] The pixel electrode 11A includes cross-shaped trunk portions 11t1 and 11t2 located to overlap polarizing axes
of a pair of polarizing plates and a plurality of branch portions 11b1, 11b2, 11b3 and 11b4 extending in a direction of
about 45° with respect to the cross-shaped trunk portions 11t1 and 11t2.
[0089] The trunk portions include the trunk portion 11t1 extending in the row direction (horizontal direction) and the
trunk portion 11t2 extending in the column direction (vertical direction). Where the azimuth angle of the rightward direction
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 11b1) extending at an azimuth angle of 45° from the trunk portion, a second group (branch portions
11b2) extending at an azimuth angle of 135° from the trunk portion, a third group (branch portions 11b3) extending at
an azimuth angle of 225° from the trunk portion, and a fourth group (branch portions 11b4) extending at an azimuth
angle of 315° from the trunk portion. The liquid crystal molecules in the liquid crystal layer of the vertical alignment type
(having negative dielectric anisotropy) are tilted in azimuth 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
electric 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.
[0090] Needless to say, the present invention is widely applicable to liquid crystal display devices of, for example, an
RTN (also referred to as "VATN") mode, an IPS mode and an FSS mode in addition to the liquid crystal display devices
in the above embodiments.
[0091] 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

[0092] The present invention is widely applicable to liquid crystal display devices for HDTV and other applications.

REFERENCE SIGNS LIST

[0093]

10, 10A, 10B, 10C, 10D, 10E Liquid crystal display panel

10a Active matrix substrate

11 Pixel electrode

12 Scanning line

13 Signal line

13a First signal line

13b Second signal line

14 Thin film transistor (TFT)

15 Storage capacitance line

20 Scanning line driving circuit (gate driver)
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30 Signal line driving circuit (source driver)

100 Liquid crystal display device

P, P1, P2, P3, P4 Pixel

PCD Color display pixel

Claims

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 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 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 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 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
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 or 2, 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 or 2, wherein 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.

5. The liquid crystal display device of any one of claims 1 through 4, wherein in an arbitrary vertical scanning period,
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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 any one of claims 1 through 5, wherein in an arbitrary color display pixel, the
switching elements of the first, second, third and fourth pixels are connected to a common scanning line.

7. The liquid crystal display device of any one of claims 1 through 6, 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 any one of claims 1 through 7, 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 any one of claims 1 through 8, wherein the vertical scanning period is 1/120
seconds or shorter.



EP 2 530 513 A1

15



EP 2 530 513 A1

16



EP 2 530 513 A1

17



EP 2 530 513 A1

18



EP 2 530 513 A1

19



EP 2 530 513 A1

20



EP 2 530 513 A1

21



EP 2 530 513 A1

22

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2008076416 A [0009]
• JP 2001033757 A [0009]
• JP 2006133577 A [0067] [0080] [0082]
• JP 2004062146 A [0081]

• US 6958791 B [0081]
• JP 2002357830 A [0084]
• JP 2003177418 A [0084]
• JP 2006078968 A [0084]

Non-patent literature cited in the description

• K. HANAOKA et al. A New MVA-LCD by Polymer
Sustained Alignment Technology. SID 04 DIGEST,
2004, 1200-1203 [0084]



专利名称(译) 液晶显示装置

公开(公告)号 EP2530513A4 公开(公告)日 2013-08-14

申请号 EP2011737085 申请日 2011-01-27

[标]申请(专利权)人(译) 夏普株式会社

申请(专利权)人(译) 夏普株式会社

当前申请(专利权)人(译) 夏普株式会社

[标]发明人 KITAYAMA MASAE
HIRATA MITSUAKI
SHIMOSHIKIRYOH FUMIKAZU
HYODO KENICHI
ITSUMI IKUMI
YAMASHITA YUKI
SUGISAKA AKANE

发明人 KITAYAMA, MASAE
HIRATA, MITSUAKI
SHIMOSHIKIRYOH, FUMIKAZU
HYODO, KENICHI
ITSUMI, IKUMI
YAMASHITA, YUKI
SUGISAKA, AKANE

IPC分类号 G02F1/133 G09G3/20 G09G3/36 G02F1/1337 G02F1/1362

CPC分类号 G09G3/36 G02F1/133707 G02F1/13624 G02F2201/52 G09G2300/0452 G09G2310/0205 G09G2320
/0247 G09G2330/045

优先权 2010019258 2010-01-29 JP

其他公开文献 EP2530513A1

外部链接 Espacenet

摘要(译)

液晶显示装置（100）中的彩色显示像素P CD包括以两行两列排列的第
一至第四像素P 1至P 4，以及与第一像素P 1至第二像素线13a相对应的
位置。 在每个垂直扫描周期中，从信号线驱动电路（30）向像素的每一
列提供极性彼此相反的信号电压。 第一像素P 1和第三像素P 3中的一个
的TFT（14）连接到第一信号线（13a），另一个像素的TFT（14）连接
到第二信号线（13 3b） ）。 第二像素P 2和第四像素P 4中的一个的
TFT（14）连接到第一信号线（13a），另一个像素的TFT（14）连接到
第二信号线（13b）。 通过公共扫描信号将第一至第四像素P 1至P 4的
TFT（14）控制为开/关，并且提供给第一和第二信号线（13a，13b）的
信号电压的极性为 在任意垂直扫描期间保持恒定。 因此，减轻了信号线
驱动电路上的负载。
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