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(54) LIQUID CRYSTAL DISPLAY DEVICE
(57)  Inaliquid crystal display device (100) according
to an embodiment of the present invention, a plurality of
color display pixels (CP) include three or more pixels (P)
which exhibit different colors. The pixels (P) include a
first sub-pixel (SP1) electrically connected to a first
source bus line (SA) via a first TFT (T1) and a second
sub-pixel (SP2) electrically connected to asecond source
bus line (SB) via a second TFT (T2). The control circuit
(15) is configured to generate afirst display signal voltage
and a second display signal voltage that are to be sup-
plied to the first sub-pixel (SP1) and the second sub-pixel
(SP2) of a pixel (P) based on a grayscale level to be
exhibited by the pixel (P) and grayscale levels to be ex-
hibited by two or more remaining pixels (P) included in a
color display pixel (CP) to which the pixel (P) belongs
that are indicated by an input display signal, and output
the generated first and second display signal voltages to
the first source bus line (SA) and the second source bus
line (SB), respectively.

FIG 1

WA 100A
INPUT DISPLAY SIGNAL ?

|~ 15A

DISPLAY SIGNAL 10A
VOLTAGE

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 897 123 A1 2

Description

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display device, and particularly to a liquid crystal display
device which has excellent viewing angle characteristics.

BACKGROUND ART

[0002] Recently, vertical alignment mode (VA mode)
liquid crystal display devices and transverse electric field
mode liquid crystal display devices (including IPS mode
devices and FFS mode devices) are used as liquid crystal
display devices for TV applications and the like. Note that
the transverse electric field mode is sometimes referred
to as "IPS mode".

[0003] Of the above device types, the VA mode liquid
crystal display device exhibits a large viewing angle de-
pendence of the y characteristic as compared with the
IPS mode liquid crystal display device. The y character-
istic is an input grayscale level vs. luminance character-
istic. In general, the viewing direction (i.e., viewing angle)
is expressed by the angle with the normal to the display
surface (polar angle) and the azimuthal angle that rep-
resents the azimuth in the display surface. The y char-
acteristic of the VA mode liquid crystal display device
particularly has a large dependence on the polar angle
of the viewing direction. That is, the y characteristic that
is acquired when viewed from the front (in a direction
normal to the display surface) and the y characteristic
that is acquired when viewed in an oblique direction are
different from each other, and therefore, the grayscale
display state varies depending on the viewing direction
(polar angle).

[0004] To reduce the viewing angle dependence of the
y characteristic in the VA mode liquid crystal display de-
vice, a liquid crystal display device having a multi-pixel
configuration such as disclosed in Patent Document 1 of
the present applicant, for example, has been put to prac-
tical use. The multi-pixel configuration refers to a config-
urationin which one pixelincludes a plurality of sub-pixels
of different brightnesses. Note that, in this specification,
the "pixel" refers to the minimum unit of display in the
liquid crystal display device. In the case of a color liquid
crystal display device, the "pixel" refers to the minimum
unit of display of each primary color (typically, R, G, or
B) and is sometimes referred to as "dot".

[0005] Each of the pixels of a liquid crystal display de-
vice having a multi-pixel configuration includes a plurality
of sub-pixels among which different voltages can be ap-
plied across the liquid crystal layer. For example, when
a pixel displays at least an intermediate grayscale level,
the pixel includes two sub-pixels which exhibit different
luminances. When two sub-pixels constitute one pixel,
the luminance of one of the two sub-pixels is higher than
a luminance that the pixel is to display (bright sub-pixel),
and the luminance of the other sub-pixel is lower than
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the luminance that the pixel is to display (dark sub-pixel).
[0006] The multi-pixel configuration is also referred to
as "pixel-divided configuration", and various types there-
of have been known. For example, each of the pixels of
a liquid crystal display device shown in Fig. 1 of Patent
Document 1 includes two sub-pixels, and different dis-
play signal voltages are supplied to the two sub-pixels
viatwo source bus lines (display signal lines) respectively
corresponding to the two sub-pixels. Here, this type is
referred to as "source direct multi-pixel type".

[0007] On the other hand, in a liquid crystal display
device shown in Fig. 12 of Patent Document 1, two sub-
pixels of each pixel are supplied with equal display signal
voltages. Here, as shown in Fig. 12, each sub-pixel has
a storage capacitance, and a storage capacitance coun-
ter electrode (connected to the CS bus line) which forms
the storage capacitance is electrically independent in
each sub-pixel. The voltage supplied to the storage ca-
pacitance counter electrode ("storage capacitance coun-
ter voltage") is changed after the TFT is switched from
ON to OFF, whereby effective voltages applied across
the liquid crystal layer of the two sub-pixels are made
different from each other with the utilization of capaci-
tance dividing. Here, this type is referred to as "CS swing
type". The CS swing type has such an advantage that
the number of source bus lines can be reduced as com-
pared with the source direct type. In the case where each
pixel includes two sub-pixels as illustrated, in the CS
swing type, the number of signal lines can be halved as
compared with the source direct type.

[0008] Using such a multi-pixel configuration enables
improving the viewing angle (particularly, polar angle)
dependence of the y characteristic of a liquid crystal dis-
play device (particularly, VA mode liquid crystal display
device). However, there is such a problem that even
when the viewing angle dependence of the y character-
istic is improved, the viewing angle dependence of the
color reproducibility cannot be sufficiently reduced.
[0009] Patent Document 2 of the present applicant dis-
closes a liquid crystal display device in which, for the
purpose of reducing the viewing angle dependence of
the color reproducibility, the area ratio and/or lighting time
of the bright sub-pixel in each of the primary color pixels
(typically, red (R) pixel, green (G) pixel and blue (B) pixel)
is adjusted so as toreduce the viewing angle dependence
of the color reproducibility of a human skin color (here-
inafter, "skin color").

CITATION LIST

PATENT LITERATURE

[0010]
Patent Document 1: Japanese Laid-Open Patent
Publication No. 2004-62146 (Specification of U.S.

Patent No. 6,958,791)
Patent Document2: WO 2007/034876 (Specification
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of U.S. Patent No. 8,159,432)

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0011] However, the liquid crystal display device dis-
closed in Patent Document 2 has such a problem that
the colors of which the viewing angle dependence of the
color reproducibility can be improved are limited or the
driving method becomes complicated.

[0012] An object of the present invention is to provide
a liquid crystal display device having a multi-pixel con-
figuration which is capable of reducing the viewing angle
dependence of the color reproducibility.

SOLUTION TO PROBLEM

[0013] A liquid crystal display device according to an
embodiment of the present invention is a liquid crystal
display device including: a plurality of pixels arranged in
a matrix of rows and columns; and a control circuit con-
figured to receive an input display signal that is indicative
ofagrayscale level which is to be exhibited by the plurality
of pixels and supply a display signal voltage to each of
the plurality of pixels, wherein the plurality of pixels form
a plurality of color display pixels, each of the plurality of
color display pixels including three or more pixels which
exhibit different colors, each of the plurality of pixels in-
cludes a first sub-pixel electrically connected to a first
source bus line via a first TFT and a second sub-pixel
electrically connected to a second source bus line via a
second TFT, and the control circuit is configured to gen-
erate a first display signal voltage and a second display
signal voltage that are to be supplied to the first sub-pixel
and the second sub-pixel of an arbitrary one of the plu-
rality of pixels based on a grayscale level to be exhibited
by the arbitrary pixel and grayscale levels to be exhibited
by two or more remaining pixels included in a color dis-
play pixel to which the arbitrary pixel belongs that are
indicated by the input display signal, and output the gen-
erated first and second display signal voltages to the first
source bus line and the second source bus line, respec-
tively.

[0014] In one embodiment, for one grayscale level
which is to be exhibited by the arbitrary pixel, the control
circuit is capable of generating the first display signal
voltage and the second display signal voltage that have
two or more different absolute values according to the
grayscale levels to be exhibited by the two or more re-
maining pixels. That is, even when the grayscale level
exhibited by the first pixel is the same, the first display
signal voltage and the second display signal voltage that
are supplied to the first sub-pixel and the second sub-
pixel of the first pixel can be controlled to have different
absolute values according to the grayscale levels exhib-
ited by the second pixel and the third pixel. For example,
even when the grayscale level exhibited by the first pixel
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is the same, the grayscale level difference between sub-
pixels of the first pixel can be varied between a case
where the color exhibited by the color display pixel in-
cluding the first, second and third pixels is a skin color
and a case where the color exhibited by the color display
pixel is an achromatic intermediate tone (gray).

[0015] Inone embodiment, an arbitrary one of the plu-
rality of color display pixels includes m pixels, from the
18t pixel to the mth pixel, where m is an integer which is
not less than 3. The grayscale levels which are to be
exhibited by the 1t pixel to the mth pixel are the 15t gray-
scale level GL1 to the mth grayscale level GLm. The lu-
minances at the front viewing angle of the 1st pixel to the
mth pixel achieved when the 15t pixel to the mth pixel
exhibit the 1t grayscale level GL1 to the mth grayscale
level GLm which are normalized on the assumption that
the luminance at the front viewing angle achieved when
the highest grayscale level is exhibited is 1 are the 1st
frontal normalized luminance NL1 to the mth frontal nor-
malized luminance NLm, respectively. The luminances
at the oblique 60° viewing angle of the 15t pixel to the mth
pixel which are normalized on the assumption that the
luminance at the oblique 60° viewing angle achieved
when the highest grayscale level is exhibited is 1 are the
1st oblique viewing angle normalized luminance IL1 to
the mth oblique viewing angle normalized luminance ILm,
respectively. In this case, the control circuit is configured
to generate the first display signal voltage and the second
display signal voltage that are to be supplied to the first
sub-pixel and the second sub-pixel of each of the 15t pixel
to the mth pixel such that the maximum value of the dif-
ference between the frontal luminance ratios between
pixels which are obtained by normalizing the 15t frontal
normalized luminance NL1 to the mth frontal normalized
luminance NLm with respect to the highest one of the 15t
frontal normalized luminance NL1 to the mth frontal nor-
malized luminance NLm and the oblique 60° luminance
ratios between pixels which are obtained by normalizing
the 1st oblique viewing angle normalized luminance IL1
to the mth oblique viewing angle normalized luminance
ILm with respect to the highest one of the 1st oblique
viewing angle normalized luminance IL1 to the mth ob-
lique viewing angle normalized luminance ILm is not
more than 0.25.

[0016] In one embodiment, an arbitrary one of the plu-
rality of color display pixels includes m pixels, from the
1st pixel to the mth pixel, where m is an integer which is
not less than 3. The grayscale levels which are to be
exhibited by the 15t pixel to the mth pixel are the 1st gray-
scale level GL1 to the mth grayscale level GLm, respec-
tively. The 18t grayscale level GL1 to the mth grayscale
level GLm include at least two different grayscale levels.
In this case, the control circuit is configured to generate
voltages which have equal absolute values as the first
display signal voltage and the second display signal volt-
age respectively supplied to the first sub-pixel and the
second sub-pixel of a pixel which is to exhibit a grayscale
level of the largest value among the 1st grayscale level
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GL1 to the mth grayscale level GLm.

[0017] In one embodiment, the control circuit is config-
ured to generate the first display signal voltage and the
second display signal voltage respectively supplied to
the first sub-pixel and the second sub-pixel of each of
the plurality of pixels exclusive of a pixel which exhibits
the highest grayscale level among the m pixels included
in the color display pixel such that the difference between
the absolute values of the first display signal voltage and
the second display signal voltage is the maximum.
[0018] For example, when the color exhibited by the
color display pixel is a skin color, the relationship of "the
grayscale level of the red pixel>the grayscale level of the
green pixel>the grayscale level of the blue pixel" holds.
Therefore, the grayscale level difference between sub-
pixels of the red pixel is set to zero, while the grayscale
level differences between sub-pixels of the green pixel
and the blue pixel are each set to the maximum value.
[0019] When the color exhibited by the color display
pixel is an achromatic intermediate tone, for example,
the grayscale level differences between sub-pixels of the
blue pixel and the green pixel are each set to zero, while
the grayscale level difference between sub-pixels of the
red pixel is set to the maximum value.

[0020] Inone embodiment, the first source bus line and
the second source bus line extend in the column direc-
tion, in each of the plurality of pixels, the first sub-pixel
and the second sub-pixel are arranged in the column
direction, and a polarity of the first display signal voltage
supplied from the first source bus line and a polarity of
the second display signal voltage supplied from the sec-
ond source bus line are each constant within a frame.
[0021] In one embodiment, the polarity of the first dis-
play signal voltage supplied from the first source bus line
and the polarity of the second display signal voltage sup-
plied from the second source bus line are opposite to
each other in a frame.

[0022] In one embodiment, some of the plurality of pix-
els which are arranged in the column direction are to
exhibit a same color, and two sub-pixels which belong to
two pixels adjacent to each other in the column direction
and which are electrically connected to the first source
bus line are adjacent to each other in the column direc-
tion.

[0023] Inone embodiment, each of the plurality of color
display pixels includes a red pixel, a green pixel, and a
blue pixel.

[0024] Inone embodiment, each of the plurality of color
display pixels further includes a yellow pixel. The color
display pixel may include a white pixel instead of the yel-
low pixel. Further, each of the plurality of color display
pixels may include a red pixel, a green pixel, a blue pixel,
a cyan pixel, a magenta pixel, and a yellow pixel.
[0025] In one embodiment, the first TFT and the sec-
ond TFT include a semiconductor oxide layer as an active
layer. The semiconductor oxide layer includes 1GZO.
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ADVANTAGEOUS EFFECTS OF INVENTION

[0026] According to an embodiment of the present in-
vention, a liquid crystal display device having a multi-
pixel configuration is provided which is capable of reduc-
ing the viewing angle dependence of the color reproduc-
ibility.

[0027] The liquid crystal display device of the embod-
iment of the present invention has such a configuration
that the amplitude of display signal voltages that are to
be supplied to two sub-pixels included in each pixel can
be arbitrarily controlled. In each pixel, the grayscale level
difference between sub-pixels is controlled according to
the color exhibited by the color display pixel. Therefore,
the grayscale level difference between sub-pixels in each
pixel can be controlled according to the color exhibited
by the color display pixel such that the viewing angle
dependence of the color reproducibility is reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0028]

[FIG. 1] A schematic diagram of a liquid crystal dis-
play device 100 according to an embodiment of the
present invention.

[FIG. 2] A schematic diagram of a liquid crystal dis-
play panel 10 included in the liquid crystal display
device 100.

[FIG. 3] A graph showing the relationship between
the display grayscale level and the normalized lumi-
nance of the bright sub-pixel and the dark sub-pixel
when multi-pixel driving is performed.

[FIG. 4] (a) to (c) are charts for illustrating the display
characteristics achieved when multi-pixel driving is
not performed.

[FIG. 5] (a) to (c) are charts for illustrating the display
characteristics achieved when conventional multi-
pixel driving is performed.

[FIG. 6] (a) to (c) are charts for illustrating the display
characteristics achieved when multi-pixel driving of
an embodiment of the present invention is per-
formed.

[FIG. 7] A graph showing the waveforms of display
signal voltages supplied to two sub-pixels.

[FIG. 8] (a) to (c) are charts showing examples of
the waveforms of the first and second display signal
voltages supplied to two sub-pixels included in R, G
and B pixels, respectively.

[FIG. 9] A graph showing the relationship between
the combinations of whether or not the multi-pixel
driving is performed on R, G and B pixels and the
viewing angle dependence of the color reproducibil-
ity in the case where the R, G and B pixels are used
to exhibit a skin color.

[FIG. 10] A graph showing the relationship between
the combinations of whether or not the multi-pixel
driving is performed on R, G and B pixels and the
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viewing angle dependence of the color reproducibil-
ity in the case where the R, G and B pixels are used
to exhibit an achromatic intermediate tone (gray).
[FIG. 11] (a) to (c) show examples of a look-up table
used for generation of display signal voltages sup-
plied to two sub-pixels in a liquid crystal display de-
vice of an embodiment of the present invention.
[FIG. 12] Another example of the look-up table used
for generation of display signal voltages supplied to
two sub-pixels in a liquid crystal display device of an
embodiment of the present invention.

[FIG. 13] Still another example of the look-up table
used for generation of display signal voltages sup-
plied to two sub-pixels in a liquid crystal display de-
vice of an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, a liquid crystal display device and
a driving method thereof according to an embodiment of
the present invention will be described with reference to
the drawings. Note that the embodiment of the present
invention is not limited to embodiments that will be de-
scribed below.

[0030] As shown in FIG. 1, a liquid crystal display de-
vice 100 according to an embodiment of the present in-
vention includes a liquid crystal display panel 10 which
has a plurality of pixels P arranged in a matrix of rows
and columns and a control circuit 15 configured to receive
input display signals that are indicative of grayscale lev-
els which are to be exhibited by the plurality of pixels P
and supply display signal voltages to respective ones of
the plurality of pixels P. A part or the entirety of the control
circuit 15 may be formed integrally with the liquid crystal
display panel 10.

[0031] Each of the pixels P includes a first sub-pixel
SP1 and a second sub-pixel SP2. The first sub-pixel SP1
is supplied with afirst display signal voltage from the first
source busline SA. The second sub-pixel SP2is supplied
with a second display signal voltage from the second
source bus line SB. The first display signal voltage and
the second display signal voltage can be arbitrary volt-
ages because they are supplied from two source bus
lines SA and SB which are electrically independent of
each other.

[0032] The liquid crystal display device 100 is a VA
mode liquid crystal display device which operates in the
normally-black mode. When the liquid crystal display de-
vice 100 displays atleastanintermediate grayscale level,
the first display signal voltage and the second display
signal voltage are made different from each other, where-
by the grayscale levels exhibited by the first sub-pixel
SP1 and the second sub-pixel SP2 are also made differ-
entfrom each other. Multi-pixel driving may be performed
only when the intermediate grayscale level is lower than
the grayscale level of 96/255 of the grayscale (the 96th
grayscale level in the 256-level representation (from 0 to
255)).
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[0033] Note that, herein, the "intermediate grayscale
level" does not include any of the highest grayscale level
(white) and the lowest grayscale level (black). When a
pixel consists of only two sub-pixels, a grayscale level
which is to be exhibited by the pixel is exhibited by the
two sub-pixels. Therefore, the grayscale level exhibited
by one of the sub-pixels is higher than a grayscale level
to be exhibited by a pixel which is indicated by the input
display signal (bright sub-pixel) and the grayscale level
exhibited by the other sub-pixel is lower than the gray-
scale level to be exhibited by the pixel (dark sub-pixel).
In this case, there are a plurality of combinations of the
grayscale levels exhibited by the two sub-pixels. As the
difference between the grayscale levels exhibited by the
two sub-pixels (hereinafter, sometimes simply referred
to as "grayscale level difference between sub-pixels") in-
creases, the effect of improving the y characteristic also
increases. When the multi-pixel driving is not performed,
the grayscale levels exhibited by the two sub-pixels are
equal to the grayscale level exhibited by the pixel.
[0034] Next, the configuration of the liquid crystal dis-
play panel 10 is described with reference to FIG. 2.
[0035] The plurality of pixels P of the liquid crystal dis-
play panel 10 form a plurality of color display pixels CP.
Each of the plurality of color display pixels CP includes
three or more pixels P which exhibit different colors. In
the example described in this section, each of the color
display pixels CP consists of a red pixel (R pixel), a green
pixel (G pixel) and a blue pixel (B pixel). Also, another
example is described in which the pixels P of respective
colors are in a stripe arrangement.

[0036] The pixels P in a matrix arrangement are iden-
tified by the row number and the column number. For
example, a pixel P in the mth row and the nth column is
expressed as P (m, n). For example, a pixel column Pn
which is the nth column is red (R), a pixel column Pn+1
whichis the n+1th column is green (G), and a pixel column
Pn+2 which is the n+2t column is blue (B). Three con-
secutive pixels P arranged one after another in the row
direction, for example, P(m, n), P(m, n+1) and P(m, n+2)
in a pixel row Pm that is the mth row, constitute one color
display pixel CP.

[0037] Each of the plurality of pixels P includes a first
sub-pixel SP1 which is electrically connected to the first
source bus line SA via the first TFT T1 and a second
sub-pixel SP2 which is electrically connected to the sec-
ond source bus line SB via the second TFT T2. The first
TFT T1 and the second TFT T2 are, for example, con-
figured so as to be connected to a common gate bus line
G and supplied with a common scan signal as described
in this section, although the present invention is not lim-
ited to this example. Scan signals may be supplied from
different gate bus lines G. During a period in which the
first TFT T1 and the second TFT T2 are kept ON by the
scan signals, the first and second display signal voltages
are supplied to the first and second sub-pixels SP1 and
SP2 from the first and second source bus lines SA and
SB, respectively. From the viewpoint of thus supplying
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display signal voltages from the two source bus lines SA
and SB to one pixel P, high TFT driving performance is
preferred. The first TFT T1 and the second TFT T2 are
realized by, for example, TFTs which include a semicon-
ductor oxide layer as the active layer.

[0038] The semiconductor oxide layerincludes, for ex-
ample, IGZO. Here, IGZO is an oxide of In (indium), Ga
(gallium) and Zn (zinc) and include a wide variety of In-
Ga-Zn-0 oxides. IGZO may be amorphous or may be
crystalline. A preferred crystalline IGZO layer is a crys-
talline IGZO layer whose c-axis is oriented generally per-
pendicular to the layer surface. The crystalline structure
of such an IGZO layer is disclosed in, for example, Jap-
anese Laid-Open Patent Publication No. 2012-134475.
The entire disclosures of Japanese Laid-Open Patent
Publication No. 2012-134475 are herein incorporated by
reference.

[0039] The control circuit 15 of the liquid crystal display
device 100 includes a bright/dark division control circuit
20 as shown in FIG. 1. The bright/dark division control
circuit 20 includes, for example, primary color bright/dark
division control circuits 22R, 22G and 22B for respective
ones of the primary colors (here, respective ones of R,
G and B). The control circuit 15 that includes the
bright/dark division control circuit 20 is configured to gen-
erate a first display signal voltage and a second display
signal voltage which are to be supplied to the first sub-
pixel SP1 and the second sub-pixel SP2 of an arbitrary
one of the pixels P based on a grayscale level to be ex-
hibited by the arbitrary pixel P and grayscale levels to be
exhibited by the two or more remaining pixels P included
in a color display pixel CP to which the arbitrary pixel P
belongs that are indicated by the input display signal, and
output the generated first and second display signal volt-
agestothefirst source busline SA and the second source
bus line SB, respectively. That s, for one grayscale level
which is to be exhibited by the arbitrary pixel P, the control
circuit 15 is capable of generating the first display signal
voltage and the second display signal voltage that have
two or more different absolute values according to the
grayscale levels to be exhibited by the two or more re-
maining pixels included in a color display pixel CP to
which the arbitrary pixel P belongs. Therefore, for exam-
ple, in the case where a color display pixel includes the
first pixel (e.g., R pixel), the second pixel (e.g., G pixel)
and the third pixel (e.g., B pixel) which exhibit different
colors from one another, even when the grayscale level
exhibited by the first pixel (R pixel) is the same, the first
display signal voltage and the second display signal volt-
age that are supplied to the first sub-pixel and the second
sub-pixel of the first pixel can be controlled to have dif-
ferent absolute values according to the grayscale levels
exhibited by the second pixel and the third pixel. For ex-
ample, as will be described later with a specific example,
even when the grayscale level exhibited by the R pixel
is the same, the grayscale level difference between sub-
pixels of the R pixel can be varied between a case where
the color exhibited by the color display pixel is a skin color
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and a case where the color exhibited by the color display
pixel is an achromatic intermediate tone (gray).

[0040] Note that, in general, the control circuit 15 in-
cludes a timing control circuit, a gate bus line (scan line)
driving circuit, a source bus line (signal line) driving cir-
cuit, etc., although these components are herein omitted
for the sake of simplicity.

[0041] FIG. 3 is a graph showing the relationship be-
tween the display grayscale levels of the bright sub-pixel
and the dark sub-pixel and the normalized luminance
when the multi-pixel driving is performed. FIG. 3 is ex-
emplary. In FIG. 3, the horizontal axis represents the dis-
play grayscale level which is to be displayed by a pixel
(from 0 to 255), and the vertical axis represents the lu-
minances exhibited by the two sub-pixels which are nor-
malized on the assumption that the maximum value is 1.
Note that in the example described herein, the area ratio
of the bright sub-pixel and the dark sub-pixel is 1:1.
[0042] As the difference in normalized luminance be-
tween the bright sub-pixel and the dark sub-pixel (the
difference in grayscale level converted from the lumi-
nance is the grayscale level difference between sub-pix-
els) increases, the effect of reducing the viewing angle
dependence of the y characteristic improves. Therefore,
as illustrated in FIG. 3, itis preferred that the normalized
luminance of the dark sub-pixel is 0.00 (the display gray-
scale level is 0) so long as it is possible. If a desired
display grayscale level of a pixel is not achieved in the
case where the normalized luminance of the bright sub-
pixel is the maximum (i.e., 1.00 (the display grayscale
level is 255)) and the normalized luminance of the dark
sub-pixel is 0.00 (the display grayscale level is 0), the
first and second display signal voltages are preferably
generated such that the normalized luminance of the dark
sub-pixel exceeds 0.00. Now, consider a case where the
area ratio of the bright sub-pixel and the dark sub-pixel
is 1:1 as shown in FIG. 3. When the display grayscale
level of the pixel is in the range from the lowest grayscale
level (0/255=black) to 186/255, only the display gray-
scale level of the bright sub-pixel increases while the dis-
play grayscale level of the dark sub-pixel is 0. When the
display grayscale level of the pixel is in the range from
187/255 to the highest grayscale level (255/255=white),
only the display grayscale level of the dark sub-pixel in-
creases while the display grayscale level of the bright
sub-pixel is constant (saturated) at 255/255.

[0043] Next, the viewing angle dependence of the y
characteristic and the viewing angle dependence of the
color reproducibility which are attributed to the multi-pixel
driving are described with reference to FIG. 4 to FIG. 6.
[0044] FIGS. 4(a) to 4(c) are charts for illustrating the
display characteristics achieved when the multi-pixel
driving is not performed. FIGS. 5(a) to 5(c) are charts for
illustrating the display characteristics achieved when
conventional multi-pixel driving is performed. FIGS. 6(a)
to 6(c) are charts for illustrating the display characteris-
tics achieved when the multi-pixel driving of an embodi-
ment of the present invention is performed. In the exam-
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ple described herein, the grayscale levels which are to
be displayed by the R pixel, the G pixel and the B pixel
are 180/255, 120/255 and 80/255, respectively.

[0045] Firstly, when the multi-pixel driving is not per-
formed, the grayscale levels which are to be exhibited
by the bright sub-pixel and the dark sub-pixel of each of
the R, G and B pixels are equal to the grayscale levels
which are to be exhibited by respective ones of the R, G
and B pixels as shown in FIG. 4(a). The viewing angle
dependences of the normalized luminances of respective
ones of the pixels which are achieved in this case are
shown in FIG. 4(b). The viewing angle dependences
shown in FIG. 4(b) represent the dependence on the po-
lar angle 6 (angle with the normal to the display surface)
in the azimuthal angle 0° or 180° (horizontal direction of
the display surface). Here, the polar angle 8 is sometimes
referred to as "viewing angle 6". The same applies to
FIG. 5(b) and FIG. 6(b).

[0046] As seen from FIG. 4(b), as the viewing angle 6
(absolute value) increases, the normalized luminances
ofallthe R, G and B pixels increase. Such a phenomenon
that the luminance increases as the viewing angle is
slanted to an oblique direction is called "whitening". The
displayed color appears whitish.

[0047] This phenomenon can be quantitatively evalu-
ated by using, for example, the parameters shown in FIG.
4(c).

[0048] FIG. 4(c) shows, for each of the R, G and B
pixels, the normalized luminance acquired when viewed
from the front, the normalized luminance acquired when
viewed at an oblique viewing angle of polar angle 60°,
and the viewing angle luminance ratio (oblique/front) that
is calculated by dividing the normalized luminance ac-
quired when viewed at an oblique viewing angle of polar
angle 60° by the normalized luminance acquired when
viewed from the front. FIG. 4(c) further shows, for each
of the R, G and B pixels, values of the normalized lumi-
nance acquired when viewed from the front and the nor-
malized luminance acquired when viewed at an oblique
viewing angle of polar angle 60° which are normalized
on the assumption that the normalized luminance of the
R pixel in which the grayscale level to be displayed is the
highest among the R, G and B pixels is 1.00 (RGB lumi-
nance ratio (also referred to as "luminance ratio between
pixels")), and the values calculated by subtracting the
RGB luminance ratio obtained when viewed from the
front from the RGB luminance ratio obtained when
viewed at an oblique viewing angle of polar angle 60°
(RGB luminance ratio variation (oblique-front)). The val-
ue of the RGB luminance ratio variation (oblique-front)
is a parameter which represents the color shift at the
oblique viewing angle.

[0049] The viewing angle luminance ratios (ob-
lique/front) of the R, G and B pixels are 1.48, 2.94 and
5.65, respectively, as shownin FIG. 4(c). In each of these
pixels, it is seen that, the normalized luminance at the
oblique 60° viewing angle is greater than the normalized
luminance at the front viewing angle so that the displayed
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color appears whitish. Note that the magnitude of the
increase in luminance at the oblique viewing angle (view-
ing angle luminance variation) is greater in the G pixel
that is to display the grayscale level of 120/255 (2.94)
than in the R pixel that is to display the grayscale level
of 180/255 (1.48), and is greater in the B pixel that is to
display the grayscale level of 80/255 (5.65) than in the
G pixel that is to display the grayscale level of 120/255.
The RGB luminance ratio (luminance ratio between pix-
els) relative to the highest grayscale level color is R pix-
el:G pixel:B pixel=1.00:0.40:0.15 when viewed from the
front (i.e., when the color which is to be displayed is dis-
played). On the other hand, when viewed obliquely at
60°, R pixel:G pixel:B pixel=1.00:0.79:0.56, and itis seen
that the luminances of the G pixel and the B pixel are
excessively large.

[0050] Thedifferenceinthe viewingangle dependence
of the color reproducibility can be quantitatively evaluated
by the value of the RGB luminance ratio variation (ob-
lique-front) relative to the highest grayscale level color
of FIG. 4(c). As shown in FIG. 4(c), the values of the
RGB luminance ratio variation (oblique-front) relative to
the highest grayscale level color are 0.00 for the R pixel
that is to exhibit the highest grayscale level color and
0.39 and 0.41 for the G pixel and the B pixel, respectively.
That is, it is seen that, as compared with the increase of
the luminance of the R pixel that is to display the highest
grayscale level among the three pixels (here, 180/255),
the magnitude of the increases in luminance of the G
pixel and the B pixel that are to display lower grayscale
levels are large, and the magnitude of the increase in
luminance of the B pixel that is to display a lower gray-
scale level than the G pixel is the largest. Thus, it is seen
that the magnitude of the increase in luminance of a pixel
due to slanting of the viewing angle depends on the gray-
scale level to be displayed, and as a result, the color
reproducibility depends on the viewing angle.

[0051] The difference between a color perceived when
viewed at the front viewing angle and a color perceived
when viewed at the 60° oblique viewing angle is herein
expressed by the value of the distance (Au’v’) between
the u'v’ coordinates in the CIE1976 UCS chromaticity
diagram (hereinafter, sometimes simply referred to as
"color difference"). In the case where the color to be dis-
played by the color display pixel is R,G,B=180,120,80,
Au’v’'=0.057 when the multi-pixel driving is not performed.
[0052] Next, as shownin FIG. 5(a), to reduce the view-
ing angle dependence of the y characteristic, the gray-
scale levels which are to be exhibited by the bright sub-
pixel and the dark sub-pixel are set, and the multi-pixel
driving is performed. For the purpose of maximizing the
effect of the multi-pixel driving, the grayscale level which
is to be exhibited by each of the dark sub-pixels of the
R, G and B pixels is set to 0 while the grayscale levels
which are to be exhibited by the bright sub-pixels of the
R, G and B pixels are 232, 157 and 104, respectively.
[0053] AsshowninFIG.5(b),the luminance ofthe dark
sub-pixel of each pixel is 0.00, so that it does not depend
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on the viewing angle. On the other hand, it is seen that
the viewing angle dependence of the luminance of the
bright sub-pixel of each pixel is small as compared with
FIG. 4(b). Inthis case, the viewing angle luminance ratios
(oblique/front) of the R, G and B pixels are 0.98, 1.76 and
3.63, respectively, as shown in FIG. 5(c). It is seen that
these values are smaller than 1.48, 2.94 and 5.65 shown
in FIG. 4(c). Thus, a variation in luminance due to the
viewing angle is suppressed by the multi-pixel driving.
[0054] However, the RGB luminance ratio relative to
the highest grayscale level color which is achieved when
viewed obliquely at 60° is R pixel:G pixel:B pix-
el=1.00:0.72:0.55 as shown in FIG. 5(c). That is, the im-
provement over the RGB luminance ratio which is
achieved when the multi-pixel driving is not performed
such as shown in FIG. 4(c), R pixel:G pixel:B pix-
el=1.00:0.79:0.56, is small. The values of the RGB lumi-
nance ratio variation (oblique-front) relative to the highest
grayscale level color which are shown in FIG. 5(c) are
0.32and 0.40 for the G pixel and the B pixel, respectively.
Although these values are slightly smaller than the values
of the RGB Iluminance ratio variation (oblique-front)
shown in FIG. 4(c) (0.39 and 0.41), the increase in lumi-
nance of the G pixel and the B pixel which are to exhibit
different colors from the highest grayscale level color is
large, and it cannot be said that the viewing angle de-
pendence of the color reproducibility is suppressed. In
this case, Au'v’=0.056. The difference of this value from
0.057 that is achieved when the multi-pixel driving is not
performed is small.

[0055] In the multi-pixel driving, the liquid crystal dis-
play device 100 according to an embodiment of the
present invention is configured to set the grayscale level
difference between two sub-pixels according to the gray-
scale levels to be exhibited by the remaining two or more
pixels included in a color display pixel CP to which the
pixel P belongs, rather than maximizing the difference
between the grayscale levels which are to be exhibited
by the two sub-pixels. Note that, in some cases, the gray-
scale level difference is set to 0 depending on the color
exhibited by the color display pixel and the colors of the
pixels.

[0056] Inthisexample, as showninFIG. 6(a), the multi-
pixel driving is not performed for the R pixel which is to
exhibit the highest grayscale level. That is, the grayscale
level difference between sub-pixels is zero for the R pixel,
while the grayscale level difference between sub-pixels
for each of the G pixel and the B pixel is set to the max-
imum value similarly as in the example of FIG. 5(a).
[0057] Accordingly, as shown in FIG. 6(b), the viewing
angle dependence of the R pixel is equal to the viewing
angle dependence of the R pixel of FIG. 4(b), and the
viewing angle dependences of the G pixel and the B pixel
are equal to the viewing angle dependences of the G
pixel and the B pixel of FIG. 5(b). Therefore, as shown
in FIG. 6(c), the viewing angle luminance ratios (ob-
lique/front) of the R, G and B pixels are 1.48, 1.76 and
3.63, respectively.
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[0058] In that case, the RGB luminance ratio (the lu-
minance ratio between pixels) relative to the highest
grayscale level color which is achieved when viewed ob-
liquely at 60° is R pixel:G pixel:B pixel=1.00:0.48:0.36 as
shown in FIG. 6(c). It is seen that this value shows an
improvement over R pixel:G pixel:B pixel=1.00:0.72:0.55
of FIG. 5(c). The values of the RGB luminance ratio var-
iation (oblique-front) of the G pixel and the B pixel relative
to the highest grayscale level color are 0.08 and 0.22,
respectively, and as clearly seen from the comparison
with the values of the RGB luminance ratio variation (ob-
lique-front) shown in FIG. 5(c) (0.32 and 0.40), the view-
ing angle dependence of the color reproducibility is sup-
pressed. In this case, Au’v'=0.034, which is significantly
smaller than 0.056 that is achieved when the convention-
al multi-pixel driving is performed. Thus, the liquid crystal
display device 100 of the embodiment of the present in-
vention is capable of reducing the viewing angle depend-
ence of the color reproducibility.

[0059] Although in the example described herein the
color display pixel consists of R, G and B pixels, the color
display pixel may further include a yellow pixel (Ye pixel).
Alternatively, the color display pixel may include a white
pixel instead of the yellow pixel. Further, each of the plu-
rality of color display pixels may include a red pixel, a
green pixel, a blue pixel, a cyan pixel, a magenta pixel,
and a yellow pixel.

[0060] According to an embodiment of the present in-
vention, when the color display pixel consisting of the R,
G and B pixels which has been described in the above
example is used to display the grayscale level of 180/255
in the R pixel, 120/255 in the G pixel and 80/255 in the
B pixel, the maximum value of the RGB luminance ratio
variation (oblique-front) relative to the highest grayscale
level coloris 0.22. This value is considerably smaller than
the maximum value of the RGB luminance ratio variation
(oblique-front) relative to the highest grayscale level color
in the conventional multi-pixel driving, 0.40. Although, as
a matter of course, it is more preferred that the maximum
value of the RGB luminance ratio variation (oblique-front)
relative to the highest grayscale level color has a smaller
value, the effect of reducing the viewing angle depend-
ence of the color reproducibility is achieved so long as it
is smaller than the maximum value of the RGB luminance
ratio variation (oblique-front) relative to the highest gray-
scale level color in the conventional multi-pixel driving. It
is preferred that the maximum value of the RGB lumi-
nanceratio variation (oblique-front) relative to the highest
grayscale level color is not more than 0.25.

[0061] Generalizing the above discussion into a case
where the color display pixel includes m pixels, the fol-
lowing description is possible. Here, an arbitrary one of
the color display pixels includes m pixels, from the 1st
pixel to the mth pixel, where m is an integer which is not
less than 3. The grayscale levels which are to be exhib-
ited by the 15t pixel to the mth pixel are the 15t grayscale
level GL1 to the mth grayscale level GLm. The luminanc-
es at the front viewing angle of the 15t pixel to the mth
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pixel achieved when the 15t pixel to the mth pixel exhibit
the 1st grayscale level GL1 to the mth grayscale level
GLm which are normalized on the assumption that the
luminance at the front viewing angle achieved when the
highest grayscale level is exhibited is 1 are the 15t frontal
normalized luminance NL1 to the mt" frontal normalized
luminance NLm, respectively. The luminances at the ob-
lique 60° viewing angle of the 15t pixel to the mth pixel
which are normalized on the assumption that the lumi-
nance at the oblique 60° viewing angle achieved when
the highest grayscale level is exhibited is 1 are the 1st
oblique viewing angle normalized luminance IL1 to the
mth oblique viewing angle normalized luminance ILm, re-
spectively. In this case, according to an embodiment, the
control circuit 15 is configured to generate the firstdisplay
signal voltage and the second display signal voltage that
are to be supplied to the first sub-pixel and the second
sub-pixel of each of the 15t pixel to the mth pixel such that
the maximum value of the difference between the frontal
luminance ratios between pixels which are obtained by
normalizing the 15t frontal normalized luminance NL1 to
the mth frontal normalized luminance NLm with respect
to the highest one of the 1stfrontal normalized luminance
NL1 to the mth frontal normalized luminance NLm and
the oblique 60° luminance ratios between pixels which
are obtained by normalizing the 15t oblique viewing angle
normalized luminance IL1 to the mth oblique viewing an-
gle normalized luminance ILm with respect to the highest
one of the 1st oblique viewing angle normalized lumi-
nance IL1 to the mth oblique viewing angle normalized
luminance ILm is not more than 0.25.

[0062] Next, connections of the pixel P and sub-pixels
SP1, SP2 with the first source bus line SA and the second
source bus line SB in the liquid crystal display panel 10
and the waveforms of the first display signal voltage and
the second display signal voltage that are supplied to the
first source bus line SA and the second source bus line
SB, respectively, are described with reference to FIG. 2
and FIG. 7.

[0063] AsshowninFIG. 2, the first source bus line SA
and the second source bus line SB extend in the column
direction. In each of the plurality of pixels P, the first sub-
pixel SP1 and the second sub-pixel SP2 are arranged in
the column direction. As described above, some of the
pixels P arranged in the column direction are to exhibit
the same color. Two sub-pixels which belong to two pixels
P adjacent to each other in the column direction and
which are electrically connected to the first source bus
line SA are adjacentto each otherin the column direction.
For example, the sub-pixel SP1 of the pixel P(m, n) and
the sub-pixel SP2 of the pixel P(m+1, n) are both elec-
trically connected to the first source bus line SA via the
first TFT T1 and are adjacent to each other.

[0064] FIG. 7 shows an example of the waveforms of
the first display signal voltage supplied to the first source
bus line SA and the second display signal voltage sup-
plied to the second source bus line SB.

[0065] As shown in FIG. 7, the polarity of the first dis-
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play signal voltage supplied from the first source bus line
SA and the polarity of the second display signal voltage
supplied from the second source bus line SB are each
constant within a frame. The polarity of the first display
signal voltage supplied from the first source bus line SA
and the polarity of the second display signal voltage sup-
plied from the second source bus line SB are opposite
toeach otherinaframe. Here, the "frame" means a period
between selection of a gate bus line (scan line) and the
next selection of the same gate busline, andis also some-
times referred to as "one vertical scan period". The po-
larity of the first display signal voltage and the polarity of
the second display signal voltage are inverted every
frame or every two or more frames. Inversion of the po-
larity with intervals which are equal to or longer than the
frame period can be appropriately set such that a DC
voltage is not applied across the liquid crystal layer in a
long drive operation.

[0066] When the first and second display signal volt-
ages shown in FIG. 7 are supplied to the liquid crystal
display panel 10 that has the configuration shown in FIG.
2, the interval of polarity inversion of the display signal
voltages is one frame, and dot inversion is realized in
every frame. Therefore, the display quality can be im-
proved while the power consumption is suppressed. In
this case, for example, when pixels of one pixel column
exhibit an intermediate grayscale level and a grayscale
level difference between sub-pixels is given to form bright
sub-pixels and dark sub-pixels, bright sub-pixels which
are electrically connected to the first source bus line SA
and bright sub-pixels which are electrically connected to
the second source bus line SB alternately occur in the
pixel column.

[0067] In this case, the first display signal voltage and
the second display signal voltage are oscillating voltages
whose amplitudes vary every horizontal scan period
(sometimes referred to as "1H"). The period of the oscil-
lation is 2H. That is, in each of the first display signal
voltage and the second display signal voltage, the am-
plitude for the bright sub-pixel and the amplitude for the
dark sub-pixel occur alternately every horizontal scan pe-
riod. Note that the largeness (amplitude) of a display sig-
nal voltage refers to alargeness (amplitude) of the display
signal voltage measured relative to the counter voltage
(also referred to as "common voltage"). Note that one
horizontal scan period refers to the difference (period)
between a time of selection of one gate bus line (e.g.,
mth gate bus line) and a time of selection of the next gate
bus line (e.g., m+1t gate bus line).

[0068] FIGS. 8(a) to 8(c) show examples of the wave-
forms of the first and second display signal voltages sup-
plied to two sub-pixels included in the R, G and B pixels.
[0069] In the liquid crystal display device 100 of the
embodiment of the present invention, as described
above, the first sub-pixel SP1 of each pixel P is supplied
with the first display signal voltage from the first source
bus line SA, and the second sub-pixel SP2 is supplied
with the second display signal voltage from the second
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source bus line SB. The first display signal voltage and
the second display signal voltage are supplied from the
two source bus lines SA and SB that are electrically in-
dependent of each other and are therefore arbitrary volt-
ages. Thus, the first display signal voltage and the second
display signal voltage supplied to the first sub-pixel SP1
and the second sub-pixel SP2 of the R, G and B pixels
which constitute one color display pixel can be freely set
as shown in FIGS. 8(a) to 8(c).

[0070] Next, whether or not the viewing angle depend-
ence of the color reproducibility can be reduced by de-
termining the first and second display signal voltages for
each ofthe pixels (e.g., the R, Gand B pixels) is described
with reference to FIG. 9 and FIG. 10.

[0071] FIG. 9 is a graph showing the relationship be-
tween the combinations of whether or not the multi-pixel
drivingis performed on R, G and B pixels and the viewing
angle dependence of the color reproducibility in the case
where a skin color is displayed using the R, G and B
pixels.

[0072] Here, the skin color refers to such a color that,
as described in Patent Document 2, the ranges of the
grayscale level of the R, G and B pixels (from minimum
to maximum) are from 105 to 255 for the R pixel, from
52 to 223 for the G pixel, and from 44 to 217 for the B
pixel, and meanwhile, the grayscale levels of the three
primary colors satisfy the relationship of R pixel>G pix-
el>B pixel. As for the color reproducibility of the display
device, the memory colors are regarded as important.
Since an image displayed on the display device cannot
be directly compared with an actual object in almost all
the cases, the relationship between the displayed image
and an image in viewer’'s memory is important. For the
display devices for television applications, the skin color
is regarded as particularly important among the memory
colors.

[0073] In the example shown in FIG. 9, a skin color is
displayed of which the grayscale levels to be displayed
by the R, G and B pixels are 88/255, 61/255 and 39/255.
In FIG. 9, "A" shown under the horizontal axis means that
"the multi-pixel driving is not performed". In this case, two
sub-pixels exhibit the same grayscale level. "B" means
that "the multi-pixel driving is performed". In this case,
the grayscale level difference between the first sub-pixel
and the second sub-pixel is set to the maximum. In FIG.
9, the vertical axis represents the value of the difference
between a color perceived when viewed at the front view-
ing angle and a color perceived when viewed at the 60°
oblique viewing angle (color difference), which is ex-
pressed by the distance (Au’v’) between the u’v’ coordi-
nates in the CIE1976 UCS chromaticity diagram.
[0074] As seen from FIG. 9, among the combinations
of No. 1 to No. 8, the color difference of No. 4 where "the
multi-pixel driving is not performed" on the R pixel while
"the multi-pixel driving is performed" on the G pixel and
the B pixel (which is the same as the example of FIG. 6)
is less than 0.03, i.e., smaller than those of the other
combinations.
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[0075] In the case where the color display pixel in-
cludes m pixels, from the 15t pixel to the mth pixel (m is
an integer which is not less than 3), the grayscale levels
which are to be exhibited by the 15t pixel to the mth pixel
are the 1st grayscale level GL1 to the mth grayscale level
GLm, respectively, and the 1stgrayscale level GL1 to the
mth grayscale level GLm include at least two different
grayscale levels, the control circuit 15 of an embodiment
is configured to generate voltages which have equal ab-
solute values as the first display signal voltage and the
second display signal voltage respectively supplied to
the first sub-pixel and the second sub-pixel of a pixel
which is to exhibit a grayscale level of the largest value
among the 18t grayscale level GL1 to the mth grayscale
level GLm. The thus-configured control circuit 15 can im-
prove the viewing angle dependence of the color repro-
ducibility of intermediate tones including the above-de-
scribed skin color (exclusive of achromatic colors).
[0076] FIG. 10 is a graph showing the relationship be-
tween the combinations of whether or not the multi-pixel
driving is performed on R, G and B pixels and the viewing
angle dependence of the color reproducibility in the case
where the R, G and B pixels are used to exhibit an ach-
romatic intermediate tone (gray). When the achromatic
intermediate tone is colored, it gives a viewer a sense of
incongruity, and therefore, suppressing coloring of the
achromatic intermediate tone is important in terms of the
color reproducibility.

[0077] Inthe example showninFIG. 10, an achromatic
intermediate tone is displayed of which the grayscale lev-
els to be exhibited by the R, G and B pixels are 135/255,
135/255, and 135/255.

[0078] As seenfrom FIG. 10, among the combinations
of No. 1 to No. 8, the color difference of No. 5 where "the
multi-pixel driving is performed" on the R pixel while "the
multi-pixel driving is not performed" on the G pixel and
the B pixel is less than 0.02, i.e., smaller than those of
the other combinations.

[0079] In the case where the color display pixel in-
cludes m pixels, from the 15t pixel to the mth pixel (m is
an integer which is not less than 3), including a blue pixel
and agreen pixel, the highestand lowest grayscale levels
among the grayscale levels which are to be exhibited by
the 15t pixel to the mth pixel are GLmax and GLmin, re-
spectively, and the value of GLmax/GLmin is in the range
of not less than 0.95 and not more than 1.05, the control
circuit 15 of an embodiment is configured to generate
voltages which have equal absolute values as the first
display signal voltage and the second display signal volt-
age supplied to the first sub-pixel and the second sub-
pixel of the blue pixel and the green pixel. For example,
when the value of GLmax/GLmin is in the range of not
less than 0.95 and not more than 1.05, the color exhibited
by the color display pixel is close to the achromatic inter-
mediate tone, and therefore, the viewing angle depend-
ence of the color reproducibility can be reduced by the
above-described control circuit.

[0080] As described in the above example, it is pre-
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ferred that the difference between the absolute values of
the first display signal voltage and the second display
signal voltage respectively supplied to the first sub-pixel
and the second sub-pixel of a pixel on which "the multi-
pixel driving is performed" is the maximum, although the
present invention is not limited to this example. It may be
appropriately changed according to the y characteristic
of the liquid crystal display panel.

[0081] Next, examples of the look-up table used for
generation of display signal voltages which are to be sup-
plied to two sub-pixels in the control circuit 15 are de-
scribed with reference to FIG. 11 to FIG. 13.

[0082] FIG. 11 shows a look-up table used for, for ex-
ample, the case previously described with reference to
FIG. 9 where "the multi-pixel driving is not performed" on
the R pixel which is to exhibit the highest grayscale level
while "the multi-pixel driving is performed" on the G pixel
and the B pixel.

[0083] Forexample, as shownin FIG. 11(a), when the
R pixel is at the grayscale level of 0, the R pixel cannot
be at the highest grayscale level. Therefore, a look-up
table which is the same as a conventional one may be
used. Note that numerical values are omitted from the
drawing.

[0084] As shown in FIG. 11(b), for example, when the
R pixel exhibits the grayscale level of 180/255, the G
pixel exhibits the grayscale level of 120/255, and the B
pixel exhibits the grayscale level of 80/255 (correspond-
ing to a skin color), "the multi-pixel driving is not per-
formed" on the R pixel and the R pixel exhibits the gray-
scale level of 180/255, while the grayscale level differ-
ence is given such that the maximum grayscale level
difference is achieved in each of the G pixel and the B
pixel.

[0085] When the R pixel exhibits the grayscale level of
255/255, numerical values are given to the look-up table
shown in FIG. 11(c) such that the maximum grayscale
level difference between sub-pixels is achieved in each
of the G pixel and the B pixel at all the grayscale levels
except for 0 and 255. Note that numerical values are
omitted from the drawing.

[0086] A look-up table for a case where the pixel which
is to exhibit the highest grayscale level is the G pixel and
a look-up table for a case where the pixel which is to
exhibit the highest grayscale level is the B pixel are pre-
pared likewise as in FIG. 11 and are stored in, for exam-
ple, a memory included in the primary color bright/dark
division control circuits 22R, 22G and 22B shown in FIG.
1.

[0087] FIG. 12 shows another example of the look-up
table used for generation of display signal voltages sup-
plied to two sub-pixels in a liquid crystal display device
of an embodiment of the present invention.

[0088] A look-up table in which combinations of output
grayscale levels for each of the color pixels correspond
to input grayscale levels as shown in FIG. 12 may also
be used.

[0089] For example, when all of the R, G and B pixels
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exhibit the grayscale level of 135/255 as shown in FIG.
10, "the multi-pixel driving is performed" only on the R
pixel.

[0090] Inthe case where a skin color is displayed such
that the R, G and B pixels are at the grayscale levels of
180/255, 120/255 and 80/255, respectively, "the multi-
pixel driving is not performed" on the R pixel while "the
multi-pixel driving is performed" on the G pixel and the
B pixel.

[0091] Althoughinthe above-described example a sin-
gle color display pixel consists of R, G and B pixels, the
color display pixel may further include a Ye pixel (yellow
pixel) as shown in FIG. 13. As a matter of course, the
color display pixel may include a white pixel instead of
the yellow pixel. Further, the color display pixel may in-
clude a red pixel, a green pixel, a blue pixel, a cyan pixel,
a magenta pixel, and a yellow pixel. Numerical values
which are to be inserted in blank boxes of FIG. 13 are
set so as to satisfy the above-described conditions.

INDUSTRIAL APPLICABILITY

[0092] Aliquid crystal display device of an embodiment
of the present invention is applicable to a wide variety of
uses in which the color reproducibility is demanded.

REFERENCE SIGNS LIST

[0093]

10 liquid crystal display panel

15 control circuit

20 bright/dark division control circuit

22R, 22G, 22B  primary color bright/dark division con-
trol circuit

100 liquid crystal display device

Claims

1. Aliquid crystal display device, comprising:

a plurality of pixels arranged in a matrix of rows
and columns; and

a control circuit configured to receive an input
display signal that is indicative of a grayscale
level which is to be exhibited by the plurality of
pixels and supply a display signal voltage to
each of the plurality of pixels,

wherein the plurality of pixels form a plurality of
color display pixels, each of the plurality of color
display pixels including three or more pixels
which exhibit different colors,

each of the plurality of pixels includes a first sub-
pixel electrically connected to a first source bus
line via a first TFT and a second sub-pixel elec-
trically connected to a second source bus line
via a second TFT, and
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the control circuitis configured to generate afirst
display signal voltage and a second display sig-
nal voltage that are to be supplied to the first
sub-pixel and the second sub-pixel of an arbi-
trary one of the plurality of pixels based on a
grayscale level to be exhibited by the arbitrary
pixel and grayscale levels to be exhibited by two
or more remaining pixels included in a color dis-
play pixel to which the arbitrary pixel belongs
thatare indicated by the input display signal, and
output the generated first and second display
signal voltages to the first source bus line and
the second source bus line, respectively.

The liquid crystal display device of claim 1, wherein
for one grayscale level which is to be exhibited by
the arbitrary pixel, the control circuit is capable of
generating the first display signal voltage and the
second display signal voltage that have two or more
different absolute values according to the grayscale
levels to be exhibited by the two or more remaining
pixels.

The liquid crystal display device of claim 1 or 2,
wherein

an arbitrary one of the plurality of color display pixels
includes m pixels, from a 15t pixel to a mth pixel,
where m is an integer which is not less than 3, gray-
scale levels which are to be exhibited by the 15t pixel
to the mth pixel are 18t grayscale level GL1 to mth
grayscale level GLm, luminances at a front viewing
angle of the 15t pixel to the mth pixel achieved when
the 15t pixel to the mth pixel exhibit the 15t grayscale
level GL1 to the mth grayscale level GLm which are
normalized on the assumption that a luminance at
the front viewing angle achieved when a highest
grayscale level is exhibited is 1 are 15t frontal nor-
malized luminance NL1 to mth frontal normalized lu-
minance NLm, respectively, luminances at an ob-
lique 60° viewing angle of the 1t pixel to the mth pixel
which are normalized on the assumption that a lu-
minance at the oblique 60° viewing angle achieved
when a highest grayscale level is exhibited is 1 are
1st oblique viewing angle normalized luminance IL1
to mth oblique viewing angle normalized luminance
ILm, respectively, and

the control circuit is configured to generate the first
display signal voltage and the second display signal
voltage that are to be supplied to the first sub-pixel
and the second sub-pixel of each of the 15t pixel to
the mth pixel such that the maximum value of the
difference between frontal luminance ratios between
pixels which are obtained by normalizing the 1stfron-
tal normalized luminance NL1 to the mth frontal nor-
malized luminance NLm with respect to a highest
one of the 15t frontal normalized luminance NL1 to
the mth frontal normalized luminance NLm and ob-
liqgue 60° luminance ratios between pixels which are
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obtained by normalizing the 1stoblique viewing angle
normalized luminance IL1 to the mth oblique viewing
angle normalized luminance ILm with respect to a
highest one of the 1stoblique viewing angle normal-
ized luminance IL1 to the mth oblique viewing angle
normalized luminance ILm is not more than 0.25.

The liquid crystal display device of any of claims 1
to 3, wherein

an arbitrary one of the plurality of color display pixels
includes m pixels, from the 1st pixel to the mth pixel,
where m is an integer which is not less than 3, the
grayscale levels which are to be exhibited by the 1st
pixel to the mth pixel are the 15t grayscale level GL1
to the mth grayscale level GLm, respectively, the 15t
grayscale level GL1 to the mth grayscale level GLm
include at least two different grayscale levels, and
the control circuit is configured to generate voltages
which have equal absolute values as the first display
signal voltage and the second display signal voltage
respectively supplied to the first sub-pixel and the
second sub-pixel of a pixel which is to exhibit a gray-
scale level of a largest value among the 18t grayscale
level GL1 to the mth grayscale level GLm.

The liquid crystal display device of claim 4, wherein
the control circuit is configured to generate the first
display signal voltage and the second display signal
voltage respectively supplied to the first sub-pixel
and the second sub-pixel of each of the plurality of
pixels exclusive of a pixel which exhibits a highest
grayscale level among the m pixels included in the
color display pixel such that a difference between
the absolute values of the first display signal voltage
and the second display signal voltage is a maximum.

The liquid crystal display device of any of claims 1
to 5, wherein

the first source bus line and the second source bus
line extend in the column direction,

in each of the plurality of pixels, the first sub-pixel
and the second sub-pixel are arranged in the column
direction, and

a polarity of the first display signal voltage supplied
from the first source bus line and a polarity of the
second display signal voltage supplied from the sec-
ond source bus line are each constant within a frame.

The liquid crystal display device of claim 6, wherein
the polarity of the first display signal voltage supplied
from the first source bus line and the polarity of the
second display signal voltage supplied from the sec-
ond source bus line are opposite to each other in a
frame.

The liquid crystal display device of claim 6 or 7,
wherein
some of the plurality of pixels which are arranged in
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the column direction are to exhibit a same color, and
two sub-pixels which belong to two pixels adjacent
to each other in the column direction and which are
electrically connected to the first source bus line are
adjacent to each other in the column direction.

The liquid crystal display device of any of claims 1
to 8, wherein each of the plurality of color display
pixels includes a red pixel, a green pixel, and a blue
pixel.

The liquid crystal display device of claim 9, wherein
each of the plurality of color display pixels further
includes a yellow pixel.

The liquid crystal display device of any of claims 1
to 10, wherein the first TFT and the second TFT in-
clude a semiconductor oxide layer as an active layer,
the semiconductor oxide layer including an In-Ga-
Zn-O semiconductor.
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