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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device.

BACKGROUND ART

[0002] Liquid crystal displays (LCDs) have been used in
not only TV sets with a big screen but also small display
devices such as the monitor screen of a cellphone. TN
(twisted nematic) mode LCDs, which would often be used in
the past, achieved relatively narrow viewing angles, but LCDs
of various other modes with wider viewing angles have
recently been developed one after another. Examples of those
wider viewing angle modes include IPS (in-plane switching)
mode and VA (vertical alignment) mode. Among those wide
viewing angle modes, the VA mode is adopted in a lot of
LCDs because the VA mode would achieve a sufficiently high
contrast ratio.

[0003] However, in the case of a VA mode LCD, grayscale
inversion may occur when the display is viewed from an
oblique viewing direction. To prevent such grayscale inver-
sion, an MVA (Multi-domain Vertical Alignment) mode in
which multiple liquid crystal domains are formed within a
single pixel region has been employed. In an MVA mode
LCD, an alignment control structure is provided for at least
one of the two substrates, which face each other with a ver-
tical alignment liquid crystal layer interposed between them,
so that the alignment control structure contacts with the liquid
crystal layer. As the alignment control structure, a linear slit
(opening) or a rib (projection) of an electrode may be used,
thereby applying alignment control force to the liquid crystal
layer from one or both sides thereof. In this manner, multiple
(typically four) liquid crystal domains with multiple different
alignment directions are defined, thereby attempting to pre-
vent grayscale inversion.

[0004] Also known as another kind of VA mode LCD is a
CPA (continuous pinwheel alignment) mode LCD. In a nor-
mal CPA mode LCD, its pixel electrodes have a highly svm-
metric shape and either an opening or a projection (which is
sometimes called a “rivet”) is arranged on the surface of the
counter substrate in contact with the liquid crystal layer so as
to be aligned with the center of a liquid crystal domain. When
a voltage is applied, an oblique electric field is generated by
the counter electrode and the highly symmetric pixel elec-
trode and induces radially tilting alignments of liquid crystal
molecules. Also, with a rivet provided, the alignment control
force produced on the slope of the rivet stabilizes the tilted
alignments of the liquid crystal molecules. As the liquid crys-
tal molecules are radially aligned within a single pixel in this
manner, grayscale inversion can be prevented.

[0005] Common liquid crystal display devices usually rep-
resent colors by additive color mixture of RGB primary col-
ors (i.e., red, green and blue). In general, pixels of a color
display panel each include red, green and blue sub-pixels in
correspondence with the RGB colors. Such a display is
referred to also as a “three primary color display device”. To
a display panel of the three primary color display device,
YCrCb (YCC) signals which can be converted into RGB
signals are input, and based on the YCrCb signals, the lumi-
nance values of the red, green and blue sub-pixels are
changed. Thus, various colors are represented. In the follow-
ing description, the luminance value (luminance level) of a
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sub-pixel corresponding to the minimum gray scale level (for
example, gray scale level 0) is represented as “0”, and the
luminance value of a sub-pixel corresponding to the maxi-
mum gray scale level (for example, gray scale level 255) is
represented as “1”. The luminance values of the red, green
and blue sub-pixels are each controlled in the range of “0” to
“17.

[0006] When the luminance values of all the sub-pixels,
i.e., the red, green and blue sub-pixels are “0”, the color
displayed by the pixel is black. By contrast, when the lumi-
nance values of all the sub-pixels are “1”, the color displayed
by the pixel is white. Many of recent TV's allow even a user to
adjust the color temperature. In such a TV, the color tempera-
ture is adjusted by fine-tuning the luminance value of each
sub-pixel. Here, the luminance value of a sub-pixel after the
color temperature is adjusted to a desired level is represented
as “1”.

[0007] Here, change of the luminance of respective subpix-
els in a common three primary color display device, which
occurs when the color displayed by a pixel changes from
black to white while it remains achromatic, is described. In an
initial state, the color displayed by the pixel is black, and the
luminances of the red, green and blue subpixels are “0”. The
luminances of the red, green and blue subpixels start to
increase. The luminances of the red, green and blue subpixels
increase at equal rates. As the luminances of the red, green
and blue subpixels increase, the lightness of the color dis-
played by the pixel increases. When the increasing lumi-
nances of the red, green and blue subpixels reach “17, the
color displayed by the pixel is white. In this way, the lightness
of the achromatic color can be changed by changing the
luminances of the red, green and blue subpixels at equal rates.
[0008] However, strictly speaking, when the lightness of an
achromatic color is changed, the color displayed by the pixel
may sometimes change (see, for example, Patent Document
1). Patent Document 1 discloses performing a gamma correc-
tion such that the value of the blue subpixel is higher than
those of the red and green subpixels in the process of chang-
ing the lightness of an achromatic color. In the liquid crystal
display device of Patent Document 1, the sSRGB color solid is
converted to a color solid of a liquid crystal display panel via
a PCS (profile connection space) before a gamma correction
is performed with the utilization of a gamma curve in which
the value of the blue subpixel is higher than those of the red
and green subpixels at middle grayscale levels. Thereby, the
change in achromatic color which would occur according to
the change of lightness can be prevented. A process of this
kind is also called an independent gamma correction process.
[0009] In recent years, unlike the above-described three
primary color display device, a display device which is
designed for additive color mixture of multiple (four or more)
primary colors has been proposed (see, for example, Patent
Documents 2 to 4). Such a display device which uses four or
more primary colors for display is also called a multi-primary
color display device. Patent Documents 2 and 3 disclose a
multi-primary color display device which has pixels that
include red, green, blue, yellow, cyan and magenta subpixels.
Patent Document 4 discloses a multi-primary color display
device which has another red subpixel in place of a magenta
subpixel.
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SUMMARY OF INVENTION
Technical Problem
[0014] The present inventors found that, in a VA mode

liquid crystal display device, an achromatic color at middle
grayscale levels, which is normally perceived when viewed
from a front viewing direction, may be perceived as having
some hue when viewed from an oblique viewing direction, so
that the display quality can deteriorate.

[0015] The present invention was conceived in view of the
above circumstances. One of the objects of the present inven-
tion is to provide a liquid crystal display device in which
deterioration of the display quality for an oblique viewing
direction is prevented.

Solution to Problem

[0016] A liquid crystal display device of the present inven-
tion includes: an active matrix substrate; a counter substrate;
and a vertical alignment type liquid crystal layer interposed
between the active matrix substrate and the counter substrate,
wherein the display device has a plurality of pixels, each of
the pixels including a plurality of subpixels, the plurality of
subpixels include a red subpixel, a green subpixel, and a blue
subpixel, and when, in an input signal, each of adjacent two of
the plurality of pixels represents an achromatic color at a
certain grayscale level, a luminance of the blue subpixel
included in one of the two adjacent pixels is different from a
luminance of the blue subpixel included in the other of the
two adjacent pixels.

[0017] Inone embodiment, when in an input signal each of
the two adjacent pixels represents an achromatic color at the
certain grayscale level, the red subpixels included in the two
adjacent pixels have equal luminances, and the green subpix-
els included in the two adjacent pixels have equal luminances.
[0018] In one embodiment, when at least one of the red
subpixels and the green subpixels ofthe two adjacent pixels is
unlit while at least one of the blue subpixels of the two
adjacent pixels is lit, the blue subpixels included in the two
adjacent pixels have equal luminances.

[0019] In one embodiment, the input signal or a signal
converted from the input signal represents a grayscale level of
the plurality of subpixels included in each of the plurality of
pixels, and a grayscale level of the blue subpixels included in
the two adjacent pixels which is represented by the input
signal or the signal converted from the input signal is cor-
rected according to a saturation of the two adjacent pixels
which is represented by the input signal.

[0020] In one embodiment, the input signal or a signal
converted from the input signal represents a grayscale level of
the plurality of subpixels included in each of the plurality of
pixels, and a grayscale level of the blue subpixels included in
the two adjacent pixels which is represented by the input
signal or the signal converted from the input signal is cor-
rected according to a saturation of the two adjacent pixels
which is represented by the input signal and a difference in
grayscale level between the blue subpixels included in the two
adjacent pixels which is represented by the input signal.
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[0021] Inone embodiment, when in an input signal one of
the two adjacent pixels represents a first achromatic color and
the other of the two adjacent pixels represents the first ach-
romatic color or a second achromatic color which has a dif-
ferent lightness from that of the first achromatic color, a
luminance of each of the blue subpixels included in the two
adjacent pixels is different from a luminance which corre-
sponds to a grayscale level represented by the input signal or
asignal converted from the input signal, and when in an input
signal one of the two adjacent pixels represents the first ach-
romatic color and the other of the two adjacent pixels repre-
sents a third achromatic color, a difference in lightness
between third achromatic color and the first achromatic color
being greater than a difference in lightness between the sec-
ond achromatic color and the first achromatic color, a lumi-
nance of each of the blue subpixels included in the two adja-
cent pixels is generally equal to a luminance which
corresponds to a grayscale level represented by the input
signal or a signal converted from the input signal.

[0022] A liquid crystal display device of the present inven-
tion includes: an active matrix substrate; a counter substrate;
and a vertical alignment type liquid crystal layer interposed
between the active matrix substrate and the counter substrate,
wherein the display device has a pixel which includes a plu-
rality of subpixels, the plurality of subpixels include a red
subpixel, a green subpixel, and a blue subpixel, and when in
an input signal the pixel represents an achromatic color at a
certain grayscale level over multiple frames, a luminance of
the blue subpixel in one of the frames is different from a
luminance of the blue subpixel in an immediately preceding
frame.

[0023] In one embodiment, when the pixel displays the
achromatic color at the certain grayscale level over multiple
frames, a luminance of the red subpixel in the one of the
frames is equal to a luminance of the red subpixel in the
immediately preceding frame, and a luminance of the green
subpixelin the one of the frames is equal to a luminance ofthe
green subpixel in the immediately preceding frame.

[0024] In one embodiment, when at least one of the red
subpixels and the green subpixels of the pixel in the one frame
and the immediately preceding frame is unlit while the blue
subpixel of the pixel is lit in at least one of the one frame and
the immediately preceding frame, a luminance of the blue
subpixel in the one frame is equal to a luminance of the blue
subpixel in the immediately preceding frame.

[0025] A liquid crystal display device of the present inven-
tion includes: an active matrix substrate; a counter substrate;
and a vertical alignment type liquid crystal layer interposed
between the active matrix substrate and the counter substrate,
wherein the display device has a pixel which includes a plu-
rality of subpixels, the plurality of subpixels include a red
subpixel, a green subpixel, a first blue subpixel, and a second
blue subpixel, and when the pixel displays an achromatic
color at a certain grayscale level, a luminance of the first blue
subpixel is different from a luminance of the second blue
subpixel.

[0026] In one embodiment, when at least one of the red
subpixel and the green subpixel of the pixel is unlit while at
least one of the first blue subpixel and the second blue sub-
pixel of the pixel is lit, a luminance of the first blue subpixel
is equal to a luminance of the second blue subpixel.

[0027] In one embodiment, the plurality of subpixels fur-
ther include a yellow subpixel.
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[0028] In one embodiment, the plurality of subpixels fur-
ther include a cyan subpixel.

[0029] In one embodiment, the plurality of subpixels fur-
ther include a magenta subpixel.

[0030] In one embodiment, the plurality of subpixels fur-
ther include another red subpixel which is different from the
aforesaid red subpixel.

Advantageous Effects of Invention

[0031] The present invention enables providing a liquid
crystal display device in which deterioration of the display
quality for an oblique viewing direction is prevented.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIG. 1(a) is a schematic diagram showing the first
embodiment of a liquid crystal display device of the present
invention. (b)1s a schematic diagram showing a liquid crystal
display panel of a liquid crystal display device shown in (a).
[0033] FIG. 2(a) is a schematic diagram showing an
arrangement of pixels provided in the liquid crystal display
device shown in FIG. 1. (b) is a schematic diagram showing
the structure of a blue subpixel of the liquid crystal display
panel.

[0034] FIG. 3 A schematic diagram showing a structure of
a correction section and an independent gamma correction
processing section in the liquid crystal display device shown
in FIG. 1.

[0035] FIG. 4 A graph showing colorimetric values for the
oblique viewing direction in a liquid crystal display device of
Comparative Example 1.

[0036] FIG. 5 A graph showing colorimetric values for the
oblique viewing direction in a liquid crystal display device of
Comparative Example 2.

[0037] FIGS. 6(a) to (¢) are graphs showing the change of
the respective X to Z colorimetric values at respective gray-
scale levels in the liquid crystal display device of Compara-
tive Example 2.

[0038] FIG.7A schematic diagram showing blue subpixels
of the liquid crystal display panel of the liquid crystal display
device shown in FIG. 1.

[0039] FIG. 8 A schematic diagram showing a configura-
tion of a correction section of the liquid crystal display device
shown in FIG. 1.

[0040] FIG. 9(a) is a graph showing the grayscale differ-
ence level in theliquid crystal display device shown in FIG. 1.
(b) 1s a graph showing the grayscale level which is input to the
liquid crystal display panel.

[0041] FIGS.10(a) to (¢) are graphs showing the change of
the respective X to Z colorimetric values at respective gray-
scale levels in the liquid crystal display device shown in FIG.
1.

[0042] FIG. 11 A graph showing the xy chromaticity coor-
dinates of an achromatic color at respective grayscale levels
in the liquid crystal display device of Comparative Example 2
and the liquid crystal display device shown in FIG. 1.

[0043] FIG.12 A schematic diagram showing the change of
the luminance level in the case where the blue subpixels
included in adjacent pixels are at different grayscale levels in
the liquid crystal display device shown in FIG. 1.

[0044] FIGS. 13(a) and (c¢) are schematic diagrams of the
liquid crystal display device of Comparative Example 2. (b)
and (d) are schematic diagrams of the liquid crystal display
device of the present embodiment.
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[0045] FIG. 14 A schematic diagram showing a configura-
tion of a correction section in a variation of the liquid crystal
display device of the first embodiment.

[0046] FIGS. 15(a) to (c¢) are schematic diagrams of the
liquid crystal display panel of the liquid crystal display device
shown in FIG. 1.

[0047] FIG. 16 A partial cross-sectional view schemati-
cally showing a cross-sectional structure of the liquid crystal
display panel of the liquid crystal display device shown in
FIG. 1.

[0048] FIG. 17 A plan view schematically showing a region
corresponding to one subpixel of the liquid crystal display
panel of the liquid crystal display device shown in FIG. 1.
[0049] FIGS. 18(a) and () are plan views schematically
showing a region corresponding to one subpixel of the liquid
crystal display panel of the liquid crystal display device
shown in FIG. 1.

[0050] FIG. 19 A plan view schematically showing a region
corresponding to one subpixel of the liquid crystal display
panel of the liquid crystal display device shown in FIG. 1.
[0051] FIG. 20(a) is a schematic diagram showing the
structure of a correction section of a variation of the liquid
crystal display device of the first embodiment. (b) is a sche-
matic diagram showing the structure of a grayscale adjust-
ment section.

[0052] FIG. 21 A schematic diagram showing a liquid crys-
tal display panel in a liquid crystal display device of a varia-
tion of the first embodiment.

[0053] FIG. 22 A schematic diagram showing the liquid
crystal display device of a variation of the first embodiment.
[0054] FIG. 23 A schematic diagram for illustrating the
second embodiment of the liquid crystal display device of the
present invention.

[0055] FIG. 24 A schematic diagram showing a structure of
a correction section in the second embodiment of the liquid
crystal display device of the present invention.

[0056] FIG. 25(a) is a schematic diagram showing the third
embodiment of the liquid crystal display device of the present
invention. (b) is a schematic diagram showing an arrange-
ment of pixels in the liquid crystal display device shown in
(@)

[0057] FIG. 26 A schematic diagram for illustrating the
third embodiment of the liquid crystal display device of the
present invention.

[0058] FIG. 27 A schematic diagram showing a structure of
acorrection section in the liquid crystal display device shown
in FIG. 26.

[0059] FIG. 28(a) is a schematic diagram showing a liquid
crystal display device of a variation of the third embodiment.
(b) is a schematic diagram showing the structure of a blue
subpixel.

[0060] FIG. 29(a@) is a schematic diagram showing the
fourth embodiment of the liquid crystal display device of the
present invention. (b) is a schematic diagram showing an
arrangement of pixels in the liquid crystal display device
shown in (a).

[0061] FIG. 30 A schematic diagram showing the a*b*
plane of the L*a*b* color space in the liquid crystal display
device shown in FIG. 29.

[0062] FIG. 31(a) is a graph showing the change of the
colorimetric values for the oblique viewing direction with
respect to the change of the grayscale level in a liquid crystal
display device of Comparative Example 3. (&) is a schematic
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diagram showing the change of the color which is displayed
by a pixel in the liquid crystal display device of Comparative
Example 3.

[0063] FIG. 32 A graph showing the colorimetric value of
the Z value for the oblique viewing direction with respect to
the change of the grayscale level in each subpixel and in the
entire pixel of the liquid crystal display device of Compara-
tive Example 3.

[0064] FIG.33 A schematic diagram showing a structure of
acorrection section in the liquid crystal display device shown
in FIG. 29.

[0065] FIG.34 A schematic diagram showing a structure of
a correction section in a variation of the liquid crystal display
device of the fourth embodiment.

[0066] FIG. 35(a) is a graph showing the change of the
luminance level with respect to the change of the grayscale
level in the liquid crystal display device shown in FIG. 29. (b)
is a graph showing the change of the colorimetric value of the
Z value for the oblique viewing direction with respect to the
change ofthe grayscale level in each subpixel and in the entire
pixel of the liquid crystal display device shown in FIG. 29.
[0067] FIG. 36(a) is a graph showing the change of the
colorimetric values of the X value, the Y value and the Z value
for the oblique viewing direction with respect to the change of
the grayscale level in the liquid crystal display device of
Comparative Example 3. (b) is a graph showing the change of
the colorimetric values of the X value, the Y value and the Z
value for the oblique viewing direction with respect to the
change of the grayscale level in the liquid crystal display
device shown in FIG. 29.

[0068] FIG.37(a)is anenlarged graph showing part of FIG.
36(a). (b) is an enlarged graph showing part of FIG. 36(5).
[0069] FIG. 38 A graph showing the change of the lumi-
nance of respective subpixels in the case where the XYZ
values for the oblique viewing direction are equal.

[0070] FIG. 39 A schematic diagram showing a XYZ color
space chromaticity diagram.

[0071] FIG. 40(a) is a schematic diagram showing a sub-
pixel arrangement of a liquid crystal display panel of a liquid
crystal display device of a variation of the fourth embodi-
ment. (b) is a schematic diagram showing the positional rela-
tionship between blue subpixels which are to be adjusted in
terms of luminance and brighter blue subpixels.

[0072] FIG. 41(a) is a schematic diagram showing a sub-
pixel arrangement of a liquid crystal display panel of a liquid
crystal display device of a variation of the fourth embodi-
ment. (b) is a schematic diagram showing the positional rela-
tionship between blue subpixels which are to be adjusted in
terms of luminance and brighter blue subpixels.

[0073] FIG. 42(a) is a schematic diagram showing a sub-
pixel arrangement of a liquid crystal display panel of a liquid
crystal display device of a variation of the fourth embodi-
ment. (b) is a schematic diagram showing the positional rela-
tionship between blue subpixels which are to be adjusted in
terms of luminance and brighter blue subpixels.

[0074] FIG. 43(a) is a schematic diagram showing a sub-
pixel arrangement of a liquid crystal display panel of a liquid
crystal display device of a variation of the fourth embodi-
ment. (b) and (c) are schematic diagrams showing the posi-
tional relationship between blue subpixels which are to be
adjusted in terms of luminance and brighter blue subpixels.
[0075] FIG. 44(a) is a schematic diagram showing a sub-
pixel arrangement of a liquid crystal display panel of a liquid
crystal display device of a variation of the fourth embodi-

Oct. 6, 2011

ment. (b) is a schematic diagram showing the positional rela-
tionship between blue subpixels which are to be adjusted in
terms of luminance and brighter blue subpixels.

[0076] FIG. 45 A schematic diagram showing a subpixel
arrangement of a liquid crystal display panel of a liquid crys-
tal display device of a variation of the fourth embodiment.
[0077] FIG. 46 A schematic diagram showing the lumi-
nance of blue subpixels in different frames in the fifth
embodiment of the liquid crystal display device of the present
invention.

[0078] FIG. 47 A schematic diagram showing a structure of
acorrection section in the liquid crystal display device shown
in FIG. 46.

[0079] FIG. 48(a) is a schematic diagram showing the sixth
embodiment of the liquid crystal display device of the present
invention. (b) is a schematic diagram showing an arrange-
ment of pixels in the liquid crystal display device shown in
(@).

[0080] FIG. 49 A schematic diagram for illustrating the
sixth embodiment of the liquid crystal display device of the
present invention.

[0081] FIG. 50 A schematic diagram showing a structure of
acorrection section in the liquid crystal display device shown
in FIG. 48(a).

[0082] FIG. 51(a) is a schematic diagram showing a liquid
crystal display panel of a liquid crystal display device of a
variation of the sixth embodiment. () is a schematic diagram
showing the structure of a blue subpixel.

DESCRIPTION OF EMBODIMENTS

[0083] Hereinafter, embodiments of a liquid crystal display
device of the present invention will be described with refer-
ence to the drawings. It should be noted, however, that the
present invention is not limited to the embodiments described
below.

Embodiment 1

[0084] Hereinafter, the first embodiment of the liquid crys-
tal display device of the present invention is described. FIG.
1(a) is a schematic diagram of a liquid crystal display device
100A of the present embodiment. The liquid crystal display
device 100A includes a liquid crystal display panel 200A, an
independent gamma correction processing section 280, and a
correction section 300A. The liquid crystal display panel
200A includes a plurality of pixels arranged in a matrix of
multiple rows and multiple columns. Here, the pixels of the
liquid crystal display panel 200A have red, green and blue
subpixels. In the description provided below in this specifi-
cation, a liquid crystal display device is sometimes simply
referred to as “display device”.

[0085] The independent gamma correction processing sec-
tion 280 performs an independent gamma correction process.
Without the independent gamma correction process, when
the color represented by an input signal changes from black to
white while it remains achromatic, the chromaticity of the
achromatic color which is detected when the liquid crystal
display panel 200A is viewed from a front viewing direction
may sometimes vary due to the inherent characteristics of the
liquid crystal display panel 200A. Such a variation in chro-
maticity can be reduced by the independent gamma correc-
tion process. At least under predetermined conditions, the
correction section 300A makes a correction to the grayscale
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level or corresponding luminance level of at least a blue
subpixel among the respective subpixels represented by the
input signal.

[0086] The input signal is conformable to, for example, a
cathode ray tube (CRT) of gamma value 2.2 and is compliant
with the NTSC (National Television Standards Committee)
standards. The input signal represents the grayscale levels of
the red, green and blue subpixels, r, g and b. Usually, the
grayscale levels r, g and b are in a 8-bit representation. Altet-
natively, the input signal may have a value convertible to the
grayscale levelsr, g and b of the red, green and blue subpixels.
This value is in a three-dimensional representation. In FIG. 1,
the grayscale levels r, g and b of the input signal are repre-
sented by a single symbol, rgb. When the input signal is
compliant with the BT.709 standards, the grayscale levelsr, g
and b represented by the input signal are each within the range
from the lowest grayscale level (e.g., grayscale level 0) to the
highest grayscale level (e.g., grayscale level 255). The lumi-
nances of the red, green and blue subpixels are within the
range from “0” to “1”. The input signal is, for example, a
YCrCb signal. The grayscale levels rgb represented by the
input signal are converted to the luminance levels in the liquid
crystal display panel 200A, to which the input signal is input
via the correction section 300A and the independent gamma
correction processing section 280. A voltage corresponding
to the luminance levels is applied across a liquid crystal layer
260 (FIG. 1(b)) of the liquid crystal display panel 200A.

[0087] As described above, in the three primary color dis-
play device, when the grayscale levels or luminance levels of
the red, green and blue subpixels are zero, the pixel displays
the black color. When the grayscale levels or luminance levels
of the red, green and blue subpixels are 1, the pixel displays
the white color. In a liquid crystal display device in which the
independent gamma correction process is not performed,
where the highest luminance of the red, green and blue sub-
pixels which have been adjusted to desired color temperatures
in a TV setis assumed as “17, the grayscale levels of the red,
green and blue subpixels or the ratios of luminance levels of
these subpixels to the highest luminance are equal to one
another when an achromatic color is displayed. Thus, when
the color displayed by the pixel changes from black to white
while it remains achromatic, the grayscale levels of the red,
green and blue subpixels or the ratios of luminance levels of
these subpixels to the highest luminance increase while they
remain equal to one another. Note that, in the description
below, when the luminance of each subpixel in aliquid crystal
display panel corresponds to the lowest luminance, the sub-
pixel is referred to “unlit” subpixel. When the luminance of
each subpixel in a liquid crystal display panel is higher than
the lowest luminance, the subpixel is referred to “lit” sub-
pixel.

[0088] FIG. 1(b) is a schematic view of the liquid crystal
display panel 200A. The liquid crystal display panel 200A
includes an active matrix substrate 220 which has pixel elec-
trodes 224 and an alignment film 226 over an insulative
substrate 222, a counter substrate 240 which has a counter
electrode 244 and an alignment film 246 over an insulative
substrate 242, and a liquid crystal layer 260 interposed
between the active matrix substrate 220 and the counter sub-
strate 240. The active matrix substrate 220 and the counter
substrate 240 have unshown polarizers. The transmission
axes of the polarizers are in a crossed Nicols arrangement.
The active matrix substrate 220 also has unshown lines, insu-
lation layers, etc. The counter substrate 240 also has an
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unshown color filter layer, etc. The thickness of the liquid
crystal layer 260 is generally uniform. The liquid crystal
display panel 200A has a plurality of pixels in a matrix
arrangement of multiple rows and multiple columns. The
pixels are defined by the pixel electrodes 224, and the red,
green and blue subpixels are defined by subpixel electrodes
obtained by dividing the pixel electrodes 224. Note that, as
will be described later, in the liquid crystal display panel
200A, the subpixel electrode is further divided into a plurality
of electrodes.

[0089] The liquid crystal display panel 200A operates in a
VA mode. The alignment films 226, 246 are vertical align-
ment films. The liquid crystal layer 260 is a vertical alignment
type liquid crystal layer. Here, the “vertical alignment type
liquid crystal layer” refers to a liquid crystal layer in which
the liquid crystal molecule axes (or “axial orientations™) are
oriented with an angle of about 85° or greater relative to the
surfaces of the vertical alignment films 226, 246. The liquid
crystal layer 260 contains a nematic liquid crystal material of
negative dielectric anisotropy and is combined with the polar-
izers in a crossed Nicols arrangement for display in a nor-
mally black mode. When a voltage is not applied across the
liquid crystal layer 260, liquid crystal molecules 262 of the
liquid crystal layer 260 are oriented generally parallel to the
normal to the principal surfaces of the alignment films 226,
246. When a voltage higher than a predetermined voltage is
applied across the liquid crystal layer 260, the liquid crystal
molecules 262 of the liquid crystal layer 260 are oriented
generally parallel to the principal surfaces of the alignment
films 226, 246. When a high voltage is applied across the
liquid crystal layer 260, the liquid crystal molecules 262 are
symmetrically aligned in a subpixel or in a specific area of a
subpixel, so that the viewing angle characteristics are
improved. It should be noted that, herein, the active matrix
substrate 220 and the counter substrate 240 have the align-
ment films 226, 246, respectively, although at least one of the
active matrix substrate 220 and the counter substrate 240 may
have a corresponding one of the alignment films 226, 246.
From the viewpoint of alignment stability, it is preferred that
both the active matrix substrate 220 and the counter substrate
240 have the alignment films 226, 246, respectively.

[0090] FIG. 2(a) shows an arrangement of the pixels pro-
vided in the liquid crystal display panel 200A and the sub-
pixels included in the pixels. FIG. 2(a) shows the pixels
arranged in three rows and three columns as an example. Each
of the pixels includes three subpixels, i.e., a red subpixel R, a
green subpixel G, and a blue subpixel B. In the liquid crystal
display panel 200A, one color is expressed by one pixel that
includes the red subpixel R, the green subpixel G, and the blue
subpixel B. The luminance of each of the subpixels can be
independently controlled. Note that the color filter arrange-
ment of the liquid crystal display panel 200A corresponds to
the arrangement shown in FIG. 2(a).

[0091] Intheliquidcrystal display device 100A, eachof the
three subpixels R, G and B has two divisional regions. Spe-
cifically, the red subpixel R has a first region Ra and a second
region Rb. Likewise, the green subpixel G has a first region
Ga and a second region Gb, and the blue subpixel B has a first
region Ba and a second region Bb.

[0092] Thedivisional regions in each of the subpixels R, G,
B can be controlled so as to have different luminance values,
and therefore, it is possible to reduce such a viewing angle
dependence of the gamma characteristic that the gamma char-
acteristic obtained when the display screen is viewed from the
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front viewing direction and the gamma characteristic
obtained when the display screen is viewed from an oblique
viewing direction are different. The reduction of the viewing
angle dependence of the gamma characteristic is disclosed in
Japanese Laid-Open Patent Publication No. 2004-62146 and
Japanese Laid-Open Patent Publication No. 2004-78157.
Controlling the divisional regions of each of the subpixels R,
G, B s0 as to have different luminances achieves the effect of
reducing the viewing angle dependence of the gamma char-
acteristic as in the disclosures of Japanese Laid-Open Patent
Publication No. 2004-62146 and Japanese Laid-Open Patent
Publication No. 2004-78157. Note that such a structure of the
red, green and blue subpixels R, G and B is also referred to as
“division configuration”. In the description below in this
specification, one of the first and second divisional regions
which has the higher luminance is also referred to as “brighter
region”, and the other divisional region which has the lower
luminance is also referred to as “darker region”.

[0093] In the description below, for the sake of conve-
nience, the luminance level of a subpixel corresponding to the
lowest grayscale level (e.g., grayscale level 0) is represented
by “0”, and the luminance level of a subpixel corresponding
to the highest grayscale level (e.g., grayscale level 255) is
represented by “1”. Even when the red, green and blue sub-
pixels have equal luminance levels, the actual luminances of
these subpixels may be different. The luminance level repre-
sents the ratio of the luminance of each subpixel to the highest
luminance. For example, when the color of a pixel represents
black in the input signal, all the grayscale levels r, g and b
represented by the input signal are the lowest grayscale levels
(e.g., grayscale level 0). When the color of a pixel represents
white in the input signal, all the grayscale levels r, g and b
represented by the input signal are the highest grayscale lev-
els (e.g., grayscale level 255). In the description below, the
grayscale level may sometimes be normalized with the high-
est grayscale level, whereby the grayscale level is expressed
by a value in the range of “0” to “1”.

[0094] FIG. 2(b) shows the structure of the blue subpixel B
ofthe liquid crystal display device 100A. Although not shown
in FI1G. 2(b), the red subpixel R and the green subpixel G also
have the same structure.

[0095] The blue subpixel B has two regions Ba and Bb.
Separate electrodes 224a, 2245 corresponding to the regions
Ba, Bb are coupled to TFTs 2304, 2305 and storage capacitors
232a,232b, respectively. The gate electrodes of the TFT 2304
and the TFT 2304 are coupled to a gate line Gate, and the
source electrodes are coupled to a common (identical) source
line S. The storage capacitors 232a, 2325 are coupled to a
storage capacitor line CS1 and a storage capacitor line CS2,
respectively. The storage capacitors 232a and 2324 are
formed by storage capacitor electrodes which are electrically
coupled to the separate electrodes 224a and 224b, respec-
tively, storage capacitor counter electrodes which are electri-
cally coupled to the storage capacitor lines CS1 and CS2,
respectively, and unshown insulating layers interposed ther-
ebetween. The storage capacitor counter electrodes of the
storage capacitors 232a and 232b are independent of each
other and can be supplied with different storage capacitor
counter voltages from the storage capacitor lines CS1 and
CS2, respectively. After the voltage is supplied to the separate
electrodes 224a, 224b via the source line S when the TFT
230a, 2305 are conducting, the TFT 230a, 2305 become
non-conducting. When the potentials of the storage capacitor
lines CS1 and CS2 vary differently, the effective voltage of
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the separate electrode 224 is different from the effective
voltage of the separate electrode 224b, and as a result, the
luminance of the first region Ba is different from the lumi-
nance of the second region Bb.

[0096] Hereinafter, the components of the correction sec-
tion 300A and the independent gamma correction processing
section 280 and their operations in the liquid crystal display
device 100A are described with reference to FIG. 3.

[0097] The grayscale levels rgh represented by the input
signal are corrected in the correction section 300A at least
under certain conditions. For example, the correction section
300A does not correct the grayscale levels r and g represented
by the input signal but corrects the grayscale level b into the
grayscale level b'. The details of this correction will be
described later. The grayscale levels rgh' obtained by the
correction in the correction section 300A are input to the
independent gamma correction processing section 280.
[0098] The independent gamma correction processing sec-
tion 280 includes a red processing section 282r, a green
processing section 282g, and a blue processing section 2825
which perform an independent gamma correction process on
respective ones of the grayscale levels r, g, b". The indepen-
dent gamma correction process of the processing sections
282r, 282g, 282b converts the grayscale levels r, g, b' to the
grayscale levels r,, g, b,

[0099] As described above, the variation in chromaticity of
an achromatic color which occurs according to the change in
lightness can be reduced by the independent gamma correc-
tion processing section 280. However, only with the indepen-
dent gamma correction processing section 280, the variation
in chromaticity of an achromatic color displayed by a pixel
which would occur when viewed from the front viewing
direction can be reduced, but when viewed from the oblique
viewing direction, the chromaticity of the achromatic color
varies so that the achromatic color may sometimes be per-
ceived as having some hue. To overcome this problem, the
liquid crystal display device 100A includes the correction
section 300A for reducing the variation in chromaticity of an
achromatic color for the oblique viewing direction.

[0100] Hereinafter, the advantages of the liquid crystal dis-
play device 100A of the present embodiment are described in
comparison with liquid crystal display devices of Compara-
tive Examples 1 and 2. The liquid crystal display device of
Comparative Example 1 is first described. In the liquid crystal
display device of Comparative Example 1, each subpixel is
not divided into a plurality of regions, and each subpixel is
formed by a single region. The liquid crystal display device of
Comparative Example 1 does not include a component
equivalent to the correction section 300A. It is assumed
herein that an input signal input to the liquid crystal display
device instructs that all the pixels arranged over the entire
screen should display achromatic colors. As the lightness of
an achromatic color changes from black to white, the gray-
scale levels of the respective subpixels in the input signal
increase at equal rates. In the initial state, the achromatic color
represented by the input signal is black, and the luminance of
the red, green and blue subpixels is “0”. As the grayscale
levels of the red, green and blue subpixels increase at equal
rates and the luminance of the red, green and blue subpixels
increases, the lightness of the achromatic color increases.
When the increasing luminance of the red, green and blue
subpixels reaches “1”, the achromatic color is white.

[0101] FIG. 4 shows the measurement results of the colo-
rimetric values ofthe X value, the Y value and the Z value for
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the oblique viewing direction with varying lightness of the
achromatic color in a liquid crystal display device of Com-
parative Example 1. In FIG. 4, curves X, Y and Z respectively
represent the change of the colorimetric values of the X value,
the Y value and the Z value for the oblique viewing direction
with respect to the variation of the grayscale level. In the
liquid crystal display device of Comparative Example 1, the
X value, the Y value and the Z value for the front viewing
direction equally change, and therefore, in FIG. 4, the X
value, the Y value and the Z value for the front viewing
direction are collectively represented by a single curve
labeled “front”. The liquid crystal display device of Com-
parative Example 1 used herein is a VA-mode liquid crystal
display device. The “oblique viewing direction” refers to a
direction thatis inclined from the normal to the screen by 60°.
The grayscale levels of the respective subpixels vary at equal
increase rates.

[0102] In the liquid crystal display device of Comparative
Example 1, due to the independent gamma correction pro-
cess, the X value, the Y value and the 7 value for the front
viewing direction change as designed, according to gamma
value 2.2, with respect to the variation of the grayscale level.
In this case, when normalized with the assumption that the
luminance corresponding to the highest grayscale level (here,
grayscale level 255) is 1, the luminance corresponding to a
half grayscale level of the highest grayscale level (here, gray-
scale level 0.5) is 0.21, and the luminance corresponding to a
quarter (Y4) grayscale level of the highest grayscale level
(here, grayscale level 0.25) is 0.05.

[0103] On the other hand, the change of the X value, the Y
value and the Z value for the oblique viewing direction with
respect to the variation of the grayscale level occurs in a
different fashion from the change of the X value, the Y value
and the Z value for the front viewing direction with respect to
the variation of the grayscale level. Specifically, in the liquid
crystal display device of Comparative Example 1, at middle
grayscale levels, the X value, the Y value and the Z value for
the oblique viewing direction are respectively higher than
those for the front viewing direction, so that whitening
occurs. The “whitening” phenomenon refers to a phenom-
enon that a displayed image looks more whitish as a whole
when viewed from the oblique viewing direction than when
viewed from the front viewing direction. For example, in the
case where a human face is displayed, even though the
expression of the human face can be visually perceived with-
out an unnatural impression when viewed from the front
viewing direction, the displayed human face looks whitish as
a whole when viewed from the oblique viewing direction.
Comparing the changes of the X value, the Y value and the Z
value, the X value and the Y value change generally similarly,
while the Z value is higher than the X value and the Y value in
a low-middle grayscale level range but is lower than the X
value and the Y value in a middle-high grayscale level range.
[0104] Next, aliquid crystal display device of Comparative
Example 2 is described. The liquid crystal display device of
Comparative Example 2 has basically the same configuration
as that of the liquid crystal display device 100A of the present
embodiment except that it does not include a component
equivalent to the correction section 300A. In the liquid crystal
display panel of the liquid crystal display device of Compara-
tive Example 2, each of the subpixels includes a plurality of
regions which can provide different luminances.

[0105] In the liquid crystal display device of Comparative
Example 2, when the lightness of an achromatic color
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changes from black to white, the grayscale levels of the
respective subpixels in the input signal increase at equal rates.
Specifically, in the initial state, the color displayed by the
pixel is black, and the luminances of the red, green and blue
subpixels are “0”. As the grayscale levels of the red, green and
blue subpixels start to increase, the luminance of one of the
divisional regions of each subpixel (which is to be a brighter
region) starts to increase. Then, when the luminance of the
brighter region increases to a predetermined value, the lumi-
nance ofthe other region (which is to be a darker region) starts
to increase. In the liquid crystal display device of Compara-
tive Example 2, as the grayscale levels of the red, green and
blue subpixels increase at equal rates, the lightness of the
achromatic color displayed by the pixel increases. When the
increasing luminances of the red, green and blue subpixels
reach “1”, the color displayed by the pixel is white.

[0106] In the liquid crystal display device of Comparative
Example 2 which has such a configuration, when the color
displayed by the pixel changes while it remains achromatic,
the achromatic color looks yellowish at middle grayscale
levels when viewed from the oblique viewing direction. FIG.
5 shows the results of measurement ofthe colorimetric values
of the X value, the Y value and the 7 value for the oblique
viewing direction with varying lightness of the achromatic
color in the liquid crystal display device of Comparative
Example 2.

[0107] InFIG. 5, curves X, Y and Z respectively represent
the change of the colorimetric values of the X value, the Y
value and the Z value for the oblique viewing direction with
respect to the variation of the grayscale level. In the liquid
crystal display device of Comparative Example 2, the X
value, the Y value and the Z value for the front viewing
direction equally change, and therefore, in FIG. 5, the X
value, the Y value and the Z value for the front viewing
direction are collectively represented by a single curve
labeled “front”. The liquid crystal display device of Com-
parative Example 2 used herein is a common multi-pixel
driving type liquid crystal display device. The “oblique view-
ing direction” refers to a direction that is inclined from the
normal to the screen by 60°. The grayscale levels of the
respective subpixels change at equal increase rates.

[0108] In the liquid crystal display device of Comparative
Example 2, each subpixel has two divisional regions, so that
the degree of whitening is low as compared with the liquid
crystal display device of Comparative Example 1. With such
a divisional subpixel configuration, the whitening phenom-
enon can be prevented. From the viewpoint of further pre-
venting the whitening phenomenon, it is preferred that the X
value, the Y value and the Z value for the oblique viewing
direction are all as low as those for the front viewing direction
over the range from low grayscale levels to high grayscale
levels. Comparing the changes of the X value, the Y value and
the 7 value, the X value and the Y value change generally
similarly, while the 7 value is higher than the X value and the
Y value in a low-middle grayscale level range but is generally
equal to the X value and the Y value at middle grayscale
levels, and the 7 value is also higher than the X value and the
Y value in a middle-high grayscale level range.

[0109] Thus, when the lightness is changed while the color
is kept achromatic in the liquid crystal display device of
Comparative Example 2, the Z value is higher than the X
value and the Y value in a low-middle grayscale level range
and in a middle-high grayscale level range, and the Z value is
generally equal to the X value and the Y value at around
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middle grayscale levels. Therefore, comparing the color per-
ceived when viewed from the oblique viewing direction with
the color perceived when viewed from the front viewing
direction, the color perceived when viewed from the oblique
viewing direction looks to have a shift toward blue in a low-
middle grayscale level range and in a middle-high grayscale
level range, whereas the color shift is relatively small at
around middle grayscale levels as compared with the color
perceived when viewed from the front viewing direction.
[0110] On the other hand, when the grayscale level is
changed while the viewing direction is fixed at the oblique
viewing direction and the color is kept achromatic, the color
perceived at middle grayscale levels relatively looks yellow-
ish as compared with the color perceived at low and high
grayscale levels. Thus, when the liquid crystal display device
of Comparative Example 2 is viewed from the oblique view-
ing direction, an achromatic color at middle grayscale levels
relatively looks to have a shift toward yellow. In the descrip-
tion below, a visual state where the achromatic color looks
yellowish is referred to as “yellow shift”.

[0111] To decrease such a “yellow shift”’, another correc-
tion 1s necessary in addition to the independent gamma cor-
rection process. A possible technique for decreasing the “yel-
low shift” is, for example, to appropriately control only the 7
value for the oblique viewing direction without changing the
X value or the Y value.

[0112] Specifically, a correction may be made by decreas-
ing the Z value in a low-middle grayscale level range and in a
middle-high grayscale level range such that the decreased 7
value is equal to the X value and the Y value. By making a
correction in this way, the chromaticity coordinates x, y for
the oblique viewing direction become equal to the chroma-
ticity coordinates x, y for the front viewing direction, so that
the blue shift which is detected in a comparison between the
color perceived when viewed from the oblique viewing direc-
tion and the color perceived when viewed from the front
viewing direction can be decreased.

[0113] An alternative correction technique for decreasing
the “yellow shift” is to increase the Z value at middle gray-
scale levels such that the Z value has similarity to the X value
and the'Y value. When making such a correction, the variation
in chromaticity of the achromatic color which is perceived
when viewed from the oblique viewing direction can be
decreased, although the blue shift which is detected in a
comparison between the color perceived when viewed from
the oblique viewing direction and the color perceived when
viewed from the front viewing direction cannot be decreased.
No matter which technique is employed, it is necessary to
appropriately control the 7 value without changing the X
value or the Y value.

[0114] Here, the components of the X value, the Y value
and the 7 value corresponding to the respective pixels are
discussed. Hereinafter, the variation of the components of the
respective subpixels of the X value, the Y value and the 7
value corresponding to the grayscale level of the achromatic
color in the input signal is described with reference to FIG. 6.
In FIGS. 6(a) to 6(c), WX, WY and WZ represent the varia-
tions of the colorimetric values X, Y and Z when an achro-
matic color after a color temperature adjustment is viewed
from the oblique viewing direction. RX, RY and RZ represent
the colorimetric values X, Y and Z obtained when only one
red subpixel is lit, which are respectively normalized with the
values of WX, WY and W7 at the highest grayscale level. GX,
GY and G7 represent the equivalent colorimetric values X, Y
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and Z for the green subpixel. BX, BY and BZ represent the
equivalent colorimetric values X, Y and Z for the blue sub-
pixel. Note that WX is the sum of RX, GX and BX, WY is the
sum of RY, GY and BY, and WZ is the sum of RZ, GZ and BZ.
[0115] Asseen from FIG. 6(c), the major component of WZ
is BZ. As seen from FIGS. 6(a) and 6(b), the proportions of
BX and BY in WX and WY are small. Therefore, adjustment
of the luminance of the blue subpixel greatly affects the 7
value but scarcely affects the X value and the Y value. It is thus
understood that, by adjusting the luminance of the blue sub-
pixel, the Z value can be efficiently adjusted without substan-
tially affecting the X value or the Y value. The present inven-
tor found based on the above knowledge that, to making the
change of the 7 value agreeable to the change of the X value
and the Y value, correcting the grayscale level of the blue
subpixel is efficient, and that by performing an adjustment of
the luminance of the blue subpixels by the unit of multiple
blue subpixels whose luminance can be independently con-
trolled, the Z value for the oblique viewing direction can be
changed without changing the 7 value for the front viewing
direction.

[0116] In the liquid crystal display device 100A of the
present embodiment, the correction section 300A shown in
FIG. 1(a) performs, at least under certain conditions, an
adjustment of the luminance of the blue subpixels by the umt
of blue subpixels included in two adjacent pixels. For
example, even when the blue subpixels included in two adja-
cent pixels are at equal grayscale levels in the input signal, the
correction section 300A makes a grayscale level correction
such that the two blue subpixels have different luminances in
the liquid crystal display panel 200A. Note that, in the
description below, one of the two blue subpixels which has
the higher luminance is referred to as “brighter blue sub-
pixel”, and the other blue subpixel which has the lower lumi-
nance is referred to as “darker blue subpixel”. The sum ofthe
luminances of the blue subpixels included in the two adjacent
pixels in the liquid crystal display panel 200A is equivalent to
the sum of the luminance levels which correspond to the
grayscale levels of the two adjacent blue subpixels repre-
sented by the input signal. For example, the correction section
300A makes a correction to the grayscale levels of the blue
subpixels included in two adjacent pixels that are placed side
by side along the row direction.

[0117] Here, it is assumed that all the pixels in the input
signal represent an achromatic color at the same grayscale
level, and this grayscale level is referred to as the reference
grayscale level. When without the independent gamma cor-
rection process, in the liquid crystal display device of Com-
parative Example 1, the luminance of each blue subpixel is
equal to a luminance which corresponds to the reference
grayscale level. In the liquid crystal display device of Com-
parative Example 2, the divisional regions of the blue sub-
pixel have different luminances, but the whole area of each
blue subpixel has an equal luminance to the luminance which
corresponds to the reference grayscale level.

[0118] On the other hand, in the liquid crystal display
device 100A of the present embodiment, the correction sec-
tion 300A increases the luminance of one of the blue subpix-
els included in two adjacent pixels by shift amount ASc and
decrease the luminance of the other blue subpixel by shift
amount ASf. Therefore, the blue subpixels included in the
adjacent pixels have different luminances, the luminance of
the brighter blue subpixel is higher than the luminance which
corresponds to the reference grayscale level, and the lumi-
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nance of the darker blue subpixel is lower than the luminance
which corresponds to the reference grayscale level. For
example, the difference between the luminance of the
brighter blue subpixel and the luminance which corresponds
to the reference grayscale level is generally equal to the dif-
ference between the luminance which corresponds to the
reference grayscale level and the luminance of the darker blue
subpixel. Ideally, ASo=ASp. As described above, each of the
subpixels of the liquid crystal display panel 200A has mul-
tiple divisional regions. The brighter blue subpixel includes a
brighter region and a darker region, and the darker blue sub-
pixel includes a brighter region and a darker region. The
luminance of the brighter region of the brighter blue subpixel
is higher than that of the brighter region of the darker blue
subpixel. The luminance of the darker region of the darker
blue subpixel is lower than that of the darker region of the
brighter blue subpixel.

[0119] FIG. 7 shows the liquid crystal display panel 200A
of the liquid crystal display device 100A. In FIG. 7, two
adjacent pixels that are placed side by side along the row
direction are now discussed, one of which is labeled “P1”, and
the other labeled “P2”. The red, green and blue subpixels
included in the pixel P1 are labeled “R1”, “G1” and “B1”. The
red, green and blue subpixels included in the pixel P2 are
labeled “R2”, “G2” and “B2”.

[0120] For example, when the color displayed by all the
pixels in the input signal is an achromatic color at a middle
grayscale level, the luminances of the red and green subpixels
R1, G1, which are included in one of the two adjacent pixels,
pixel P1, are respectively equal to the luminances of the red
and green subpixels R2, G2, which are included in the other
one of the two adjacent pixels, pixel P2, in the liquid crystal
display panel 200A. However, in the liquid crystal display
panel 200A, the luminance of the blue subpixel Bl included
in the pixel P1 thatis one of the two adjacent pixels is different
from the luminance of the blue subpixel B2 included in the
other pixel P2. Note that, in FIG. 7, the blue subpixels
included in adjacent pixels that are placed side by side along
the row direction have opposite brightness levels. As for the
blue subpixels included in the pixels of a certain row, blue
subpixels which have higher luminances than the luminance
which corresponds to the reference grayscale level and blue
subpixels which have lower luminances than the luminance
which corresponds to the reference grayscale level are alter-
nately arranged. Also, the blue subpixels included in adjacent
pixels that are placed side by side along the column direction
have opposite brightness levels.

[0121] Hereinafter, a specific configuration of the correc-
tion section 300A is described with reference to FIG. 8. In
FIG. 8, the grayscale levels r1, gl and bl represented by the
input signal are equivalent to the grayscale levels of the sub-
pixels R1, G1 and B1 included in the pixel P1. The grayscale
levels r2, g2 and b2 represented by the input signal are equiva-
lent to the grayscale levels of the subpixels R2, G2 and B2
included in the pixel P2.

[0122] The correction section 300A makes a correction to
the grayscale level of the blue subpixel such that the change of
the 7 valueis identical with, or has similarity to, the change of
the X value and the Y value. The grayscale levelsr1,r2, g1 and
g2 are not corrected in the correction section 300A, whereas
the grayscale levels bl and b2 are corrected as described
below. The correction section 300A calculates the shift
amounts ASa, ASP of the luminance levels of the blue sub-
pixels B1, B2. As previously described, when an achromatic
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color is displayed, a yellow shift may mainly occur at middle
grayscale levels but would not occur at low and high gray-
scale levels. Therefore, the shift amounts ASa, ASp are zero
or small at low and high grayscale levels, but they are large at
middle grayscale levels.

[0123] First, an addition section 3105 is used to obtain the
average of the grayscale level bl and the grayscale level b2. In
the description below, the average of the grayscale levels bl
and b2 is referred to as “average grayscale level b, .
[0124] A grayscale difference level section 320 generates
two grayscale difference levels abo, Abp from one average
grayscale level b, .. The grayscale difference level Aba cor-
responds to the brighter blue subpixel, and the grayscale
difference level Abp corresponds to the darker blue subpixel.
[0125] In this way, the grayscale difference level section
320 generates two grayscale difference levels Aba, Abf from
the average grayscale level b,,,,. The average grayscale level
b,,. and the grayscale difference levels Aba, Abp have, for
example, a predetermined relationship shown in FIG. 9(a).
When the average grayscale level b, is a low grayscale level
or a high grayscale level, the grayscale difference level Aba
and the grayscale difference level Abp are approximately
zero. When the average grayscale level b, is a middle gray-
scale level, the grayscale difference level Aba. and the gray-
scale difference level Abf are relatively large. The grayscale
difference level section 320 may refer to a lookup table for the
average grayscale level b, to determine the grayscale dif-
ference levels Aba, Abp. Alternatively, the grayscale differ-
ence level section 320 may perform a predetermined opera-
tion to determine the grayscale difference levels Aba, Abf
based on the average grayscale level b, .

[0126] Next,a grayscale-luminance conversion section 330
converts the grayscale difference level Aba to the luminance
difference level AY ,c, and the grayscale difference level Abp
to the luminance difference level AY,f. As the luminance
difference levels AY,a, AY,p increase, the shift amounts
ASa., ASP also increase.

[0127] A yellow shiftis less perceivable as the saturation of
the color of a pixel which is represented by the input signal
increases. On the contrary, a yellow shift is more conspicuous
as the color of a pixel which is represented by the input signal
is closer to an achromatic color. Thus, the degree of a yellow
shift varies depending on the color of a pixel which is repre-
sented by the input signal. The color of a pixel which is
represented by the input signal is reflected in the shift
amounts ASa, Asf as described below.

[0128] An addition section 310~ is used to obtain the aver-
age of the grayscale level r1 and the grayscale level r2. Mean-
while, an addition section 310g is used to obtain the average
of the grayscale level gl and the grayscale level g2. In the
description below, the average of the grayscale levels r1 and
r2 is referred to as “average grayscale level r,,,”, and the
average of the grayscale levels gl and g2 is referred to as
“average grayscale level g,

[0129] A saturation determination section 340 determines
the saturation of a pixel which is represented by the input
signal. The saturation determination section 340 utilizes the
average grayscale levelsr,, g_,., b, to determine satura-
tion factor HW. The saturation factor HW is a function which
decreases as the saturation increases. In the description
below, where MAX=MAX (1., 2.0 D,y) and MIN=MIN
(T 0s Laves Dayve) the saturation factor HW is expressed as, for
example, HW=MIN/MAX. It should be noted, however, that
when b, =0, the saturation factor HW is 0. Alternatively,

23
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only the saturation for blue may be considered. For example,
whenb,, 2r,...b,,.28,,.and b, >0, the saturation factor is
expressed as HW=MIN/MAX. When at leastone of'b , <r,, .,
and b, <g,  is met, the saturation factor may be HW=1.
[0130] Next, the shift amounts ASa, ASf are calculated.
The shift amount ASa. is represented by the product of AY o
and the saturation factor HW, and the shift amount Asp is
represented by the product of AY, 5 and the saturation factor
HW. A multiplication section 350 multiplies the luminance
difference levels AY ,a, AY ,f by the saturation factor HW to
obtain the shift amounts ASa, Asf.

[0131] A grayscale-luminance conversion section 360a
performs a grayscale-luminance conversion on the grayscale
level bl to obtain luminance level Y,,. The luminance level
Y, is obtained according to, for example, the following for-
mula:

Y, =b1? (where 0=b1=1).

[0132] Likewise, a grayscale-luminance conversion sec-
tion 3605 performs a grayscale-luminance conversion on the
grayscale level b2 to obtain luminance level Y ,,.

[0133] Then, in an addition/subtraction section 370a, the
luminance level Y,, and the shift amount ASc are added
together, and a luminance-grayscale conversion section 380a
performs a luminance-grayscale conversion to obtain cor-
rected grayscale level b1'. Meanwhile, in an addition/subtrac-
tion section 3705, the shift amount Asf is subtracted from the
luminance level Y ,,, and then, a luminance-grayscale conver-
sion section 3805 performs a luminance-grayscale conver-
sion to obtain corrected grayscale level b2'. Thereafter, in the
independent gamma correction processing section 280 shown
in FIG. 1, a independent gamma correction process is per-
formed on the grayscale levels rl, r2, g1, g2, bl' and b2', and
the corrected grayscale levels are input to the liquid crystal
display panel 200A.

[0134] FIG. 9(b) shows the grayscale level of the blue sub-
pixel which is to be input to the liquid crystal display panel
200A. Here, the color represented by the input signal is an
achromatic color, and the saturation factor HW is 1. When the
independent gamma correction process is neglected, the gray-
scalelevel b1'is b1+Abl and the grayscale level b2'isb2-Ab2
because of the grayscale difference levels Aba, Abp gener-
ated in the grayscale difference level section 320. Based on
the thus-obtained grayscale levels b1', b2', the blue subpixel
B1 exhibits a luminance which is equivalent to the sum of the
luminance level Y, and the shift amount ASc., and the blue
subpixel B2 exhibits a luminance which is equivalent to the
difference between the luminance level Y,, and the shift
amount ASf.

[0135] Now, refer to FIG. 8. As an example, it is assumed
that the grayscale levels b1, b2 in the input signal are gray-
scale level 0.5, and that the grayscale levels rl, r2, gl and g2
in the input signal are grayscale level 0.5. In this case, due to
the grayscale-luminance conversion in the grayscale-lumi-
nance conversion sections 360a, 3604, the luminance levels
Y, Y,,areeach 0.218 (=0.5%%). Here, AY ,c., AY . are each
0.133 (=0.4**), and the saturation factor HW is 1. Therefore,
the shift amounts ASc, ASP are each 0.133. In this case,
where the highest grayscale level is numbered “255”, the
grayscale level bl' obtained in the luminance-grayscale con-
version section 380q is grayscale level 158 (=(0.218+0.133)
12-2)55) The grayscale level b2' obtained in the luminance-
grayscale conversion section 3805 is 82 (=(0.218-0.133)""*
2x255) where the highest grayscale level is numbered “255”.
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Note that, in the liquid crystal display panel 200A of the
liquid crystal display device 100A, as previously described,
each of the blue subpixels includes divisional regions which
can have different luminances, the average luminance of the
brighter region and the darker region of the brighter blue
subpixel is equivalent to grayscale level 158, and the average
luminance of the brighter region and the darker region of the
darker blue subpixel is equivalent to grayscale level 82. From
the above, the results of addition and subtraction of the shift
amounts ASa and ASP which are equivalent to equal lumi-
nance difference levels AY, a0 and AY,f are converted to
grayscale levels, and the resultant grayscale levels are com-
pared with the grayscale levels obtained before the correc-
tion, resulting in Ab1=30(=158-128) and Ab2=46(=128-82).
Thus, Ab1 and Ab2 do not have equal values.

[0136] In the correction section 300A, the shift amounts
ASa, ASP are expressed as a function which includes the
saturation factor HW as a parameter. For example, when (t,,.,
oo Do) 18 (128, 128, 128) where the highest grayscale level
is numbered “255”, the shift amounts ASa, ASf are 0.133
because the saturation factor HW is 1. On the other hand,
when (r,,,, 8.0 P,.0) 18 (0,0, 128), i.e., when there are unlit
subpixels, the saturation factor HW is 0, and the shift amounts
ASa, ASP are 0. When (r,,,.,, 8, b,..) 15 (64, 64, 128) which
is in the middle of the above example values, HW=0.5. The
shift amounts ASc.,, ASP are 0.133%0.5 (which is a half of the
shift amount for HW 1.0). In this way, a correction to the blue
subpixel included in a pixel which is represented by the input
signal is carried out according to the saturation of the pixel
represented by the input signal. The shift amounts ASc., ASP
continuously change according to the saturation of the pixel
in the input signal, so that an abrupt change in the display
characteristics can be prevented. FIG. 9(b) is a graph which
shows the results obtained when the saturation factor HW is 1.
When the saturation factor HW is 0 (for example, a blue color
whichhas ahigh saturation is represented by theinput signal),
the grayscale level b1(=b2) represented by the input signal
and the grayscale levels b1', b2 have equal values. In this way,
by using the saturation factor HW, a grayscale level which is
equivalent to the grayscale level of the blue subpixel in the
input signal is output when there is an unlit subpixel, so that
the deterioration of the blue resolution would not occur. On
the other hand, when the grayscale levels of the respective
subpixels are equal in the input signal, strictly speaking, a
deterioration of the blue resolution occurs. However, in the
actuality, the deterioration of the blue resolution in an achro-
matic color, or a color which is close to the achromatic color,
is negligibly small for the human visual properties. Since the
saturation factor HW is a function which continuously
changes between a situation where there is an unlit subpixel
and a situation where the color displayed is an achromatic
color, abrupt change in display can be avoided.

[0137] Aspreviously described, in the liquid crystal display
panel 2004, a pixel includes multiple divisional regions. The
grayscale level bl' of the blue subpixel Bl is realized by a
brighter region and a darker region. The grayscale level b2' of
the blue subpixel B2 is realized by a brighter region and a
darker region. Note that, when multi-pixel driving is per-
formed, the distribution of the luminance levels Y, Y,,
among the regions Ba, Bb of the blue subpixels B1 and B2
depends on the configuration of the liquid crystal display
panel 200A and its design values, although the details thereof
are not described herein. Specific design values are deter-
mined such that the average of the luminances of the regions
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Ba and Bb of the blue subpixel B1 is equal to the luminance
which corresponds to the grayscale level b1' or b2' of the blue
subpixel. Although the multi-pixel driving is performedin the
above description, the present invention is not limited to the
multi-pixel driving so long as the distribution of the lumi-
nance among the regions Ba, Bb is determined depending on
the configuration of the liquid crystal display panel 200A as
described above.

[0138] FIGS.10(a)to 10(c)are the graphs of the colorimet-
ric values X to Z with respect to the grayscale level of an
achromatic color in the liquid crystal display device 100A. In
FIGS. 10(a) to 10(c), the results of the liquid crystal display
device of Comparative Example 2, which are represented by
curves WX, WY, WZ in FIGS. 6(a) to 6(c), are also shown for
the sake of comparison. It is understood from FIGS. 10(a) to
10(c) that, by making a correction to the grayscale level of the
blue subpixel, the Z value greatly differs from that of Com-
parative Example 2 at middle grayscale levels, whereas the
change of the X value and the Y value is basically the same as
that in the liquid crystal display device of Comparative
Example 2. Thus, the grayscale level of the blue subpixel can
be corrected such that the change of the 7 value has similarity
to the change of the X value and the Y value.

[0139] FIG. 11 shows the chromaticity coordinates x and y
of an achromatic color for the oblique viewing direction at
middle grayscale levels (here, grayscale levels 115 to 210
where the highest grayscale level is numbered “2557) of the
liquid crystal display device 100A. In FIG. 11, the chroma-
ticity coordinates x and y in the liquid crystal display device
of Comparative Example 2 are also shown for the sake of
comparison. Note that, herein, x (=X/(X+Y+Z)) and y (=Y/
(X+Y+Z)) are shown, rather than the X value and the Y value.
As seen from FIG. 11, in the liquid crystal display device of
Comparative Example 2, the chromaticity of the achromatic
color for the oblique viewing direction relatively greatly var-
ies according to the variation of the grayscale level in the
range of the middle grayscale levels. However, in the liquid
crystal display device 100A of the present embodiment, the
variation in chromaticity of the achromatic color is reduced
irrespective of the variation of the grayscale level.

[0140] As described above, the liquid crystal display device
100A of the present embodiment includes the correction sec-
tion 300A for making a correction to the grayscale levels bl,
b2 to obtain corrected grayscale levels bl', b2', so that a
deviation of the 7 value relative to the X value and the Y value
which would occur when viewed from the oblique viewing
direction can be reduced, and the reduction of the yellow shift
can be realized at low cost.

[0141] In the liquid crystal display device 1004, the blue
subpixels of the two adjacent pixels have different grayscale-
luminance characteristics (i.e., different gamma characteris-
tics). In this case, strictly, the colors displayed by the two
adjacent pixels are different. However, if the resolution of the
display device 100A is sufficiently high, a human eye per-
ceives the average color of the colors displayed by the two
adjacent pixels. Thus, the X value, the Y value and the Z value
for the front viewing direction exhibit equal grayscale-lumi-
nance characteristics, and also, the X value, the Y value and
the Z value for the oblique viewing direction exhibit equal
grayscale-luminance characteristics. Therefore, occurrence
of a yellow shift can be prevented without substantially
changing the display quality for the front viewing direction,
so that the display quality for the oblique viewing direction
can be improved.
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[0142] 1Inthe example described herein, the yellow shift is
reduced by adjusting the luminance of the blue subpixels
although, theoretically, the yellow shift can be reduced by
adjusting the luminance of other subpixels. However, the blue
subpixel has a relatively small influence on the X value and
the [ value but a large influence on the Z value. Therefore, it is
appreciated that the present invention is particularly effective
for a liquid crystal display panel in which, for the oblique
viewing direction, the change of the Z value greatly differs
from the change of the X value and the Y value.

[0143] Itis known that the resolution of the human eye for
blue is lower than for the other colors. Particularly, in the case
where respective subpixels included in a pixel are lit for
displaying an achromatic color at a middle grayscale level, if
a subpixel whose resolution nominally decreases is the blue
subpixel, a substantial decrease in resolution is less perceiv-
able. As seen from this fact, a correction to the grayscale level
of the blue subpixel is more effective than a correction to the
grayscale level of any other subpixel.

[0144] Inthe above description, the grayscale level b1 rep-
resented by the input signal is equal to the grayscale level b2,
although the present invention is not limited to this example.
The grayscale level b1 represented by the input signal may be
different from the grayscale level b2. When the grayscale
level b1 is different from the grayscalelevel b2, the luminance
level Y, that has undergone a grayscale-luminance conver-
sion in the grayscale-luminance conversion section 360a
shown in FIG. 8 is different from the luminance level Y, that
has undergone a grayscale-luminance conversion in the gray-
scale-luminance conversion section 3605. Especially when
there is a large difference in grayscale level between adjacent
pixels, such as when text data is displayed, the difference
between the luminance level Y, and the luminance level Y,
is significantly large.

[0145] Specifically, when the grayscale level bl is higher
than the grayscale level b2, the sum of the luminance level Y, |
and the shift amount ASc. undergoes a luminance-grayscale
conversion in the luminance-grayscale conversion section
380a, and the difference between the luminance level Y, and
the shift amount ASP undergoes a luminance-grayscale con-
version in the luminance-grayscale conversion section 3804.
In this case, as illustrated in FIG. 12, the luminance level Y,
corresponding to the grayscale level bl' is higher than the
luminance level Y, corresponding to the grayscale level bl
by the shift amount ASc, and the luminance level Y. corre-
sponding to the grayscale level b2' is lower than the lumi-
nance level Y, , corresponding to the grayscale level b2 by the
shift amount ASP, so that the difference between the lumi-
nance corresponding to the grayscale level b1' and the lumi-
nance corresponding to the grayscale level b2' is greater than
the difference between the luminance corresponding to the
grayscale level bl and the luminance corresponding to the
grayscale level b2.

[0146] Now, four pixels P1 to P4 which are arranged in two
rows and two columns are discussed. The pixels P1 to P4 are
arranged at the left upper, right upper, left lower and right
lower positions, respectively. The grayscale levels of the blue
subpixels in the input signal corresponding to the pixels P1 to
P4 are denoted by bl to b4. As previously described with
reference to FIG. 7, when the subpixels in the input signal
represent the same color, i.e., when the grayscale levels bl to
b4 are equal to one another, the grayscale level b1' is higher
than the grayscale level b2', and the grayscale level b4' is
higher than the grayscale level b3'.
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[0147] Also, it is assumed that, in the input signal, the
pixels P1, P3 represent high grayscale levels, and the pixels
P2, P4 represent low grayscale levels, so that there is a display
boundary between the pixels P1, P3 and the pixels P2, P4. The
grayscale levels b1, b2 meet b1>b2. The grayscale levels b3,
b4 meet b3>b4. In this case, the difference between the lumi-
nance corresponding to the grayscale level b1' and the lumi-
nance corresponding to the grayscale level b2' is greater than
the difference between the luminance corresponding to the
grayscale level bl and the luminance corresponding to the
grayscale level b2. On the other hand, the difference between
the luminance corresponding to the grayscale level b3' and the
luminance corresponding to the grayscale level b4' is smaller
than the difference between the luminance corresponding to
the grayscale level b3 and the luminance corresponding to the
grayscale level b4.

[0148] As previously described, when the color repre-
sented by the input signal is monochromatic (e.g., blue), the
saturation factor HW is 0 or close to 0. Therefore, the shift
amount decreases, and the input signal is output as it is, so that
the resolution can be maintained. However, in the case of an
achromatic color, the saturation factor HW is 1 or close to 1.
Therefore, the luminance difference varies (increases or
decreases) from pixel column to pixel column as compared
with that obtained before the correction, so that the edges may
look “jagged”, and the resolution may be deteriorated. Note
that, when the grayscale levels b1 and b2 are equal or close to
each other, it is less perceivable for the human visual proper-
ties. However, this tendency grows as the difference between
the grayscale level bl and the grayscale level b2 increases.
[0149] Hereinafter, a specific description is given with ref-
erence to FIG. 13. Here, in the input signal, a straight line of
one-pixel width in an achromatic color having a relatively
high luminance (bright gray) is displayed on a background in
an achromatic color having a relatively low luminance (dark
gray). In this case, ideally, a viewer perceives a relatively
bright gray straight line.

[0150] FIG. 13(a) shows the luminance of the blue subpix-
els in the liquid crystal display device of Comparative
Example 2. Here, among the grayscale levels b1 to b4 of the
blue subpixels of the four pixels P1 to P4 represented by the
input signal, the grayscale levels b1, b2 have the relationship
of b1>b2, and the grayscale levels b3, b4 have the relationship
of b3>b4. In this case, in the liquid crystal display device of
Comparative Example 2, the blue subpixels of the four pixels
P1 to P4 provide the luminances corresponding to the gray-
scale levels b1 to b4 represented by the input signal. Note that,
in the liquid crystal display device of Comparative Example
2, one subpixel includes two divisional regions. In FIG. 13(a),
the luminance of the blue subpixel is the average of the
luminances of the two divisional regions.

[0151] FIG. 13(b) shows the luminance of the blue subpix-
els in a liquid crystal display device 100. In FIG. 13(5), the
luminance of the blue subpixel is the average of the lumi-
nances of the two divisional regions. In the liquid crystal
display device 100, for example, the grayscale level b1' of the
blue subpixel of the pixel P1 is higher than the grayscale level
b1, and the grayscale level b2' of the blue subpixel of the pixel
P2 is lower than the grayscale level b2. On the other hand, the
grayscale level b3' of the blue subpixel of the pixel P3 is lower
than the grayscale level b3, and the grayscale level b4' of the
blue subpixel of the pixel P4 is higher than the grayscale level
b4. In this way, the increase and decrease of the grayscale
level (luminance) relative to the grayscale level correspond-
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ing to the input signal occur in opposition to one another
among adjacent pixels that are placed side by side along the
row direction and the column direction. Thus, as seen from
the comparison of FIG. 13(a) and FIG. 13(b), in the liquid
crystal display device 100, the difference between the gray-
scale level b1' and the grayscale level b2' is greater than the
difference between the grayscale level b1 and the grayscale
level b2 which are represented by the input signal. Also, the
difference between the grayscale level b3' and grayscale level
b4' is smaller than the difference between the grayscale level
b3 and the grayscale level b4 which are represented by the
input signal. As a result, in addition to a column which
includes the pixels P1 and P3 corresponding to the grayscale
levels b1, b3 which are relatively high in the input signal, the
blue subpixel of the pixel P4 corresponding to the grayscale
level b4 which is relatively low in the input signal provides a
relatively high luminance. In this case, the input signal rep-
resents an image for displaying a relatively bright gray
straight line. In the liquid crystal display device 100, the
relatively bright gray straight line and a blue dotted line
alongside the straight line are displayed, so that the display
quality at the outline edges of the gray straight line signifi-
cantly deteriorates.

[0152] When the grayscale levels bl to b4 of the blue sub-
pixels represented by the input signal have the relationships
of b1<b2 and b3<b4, in the liquid crystal display device of
Comparative Example 2, the blue subpixels of the four pixels
P1 to P4 provide the luminances corresponding to the gray-
scale levels bl to b4 represented by the input signal as shown
in FIG. 13(c). On the other hand, in the liquid crystal display
device 100, as shown in FIG. 13(d), the blue subpixels of the
four pixels P1 to P4 provide different luminances from those
of the liquid crystal display device of Comparative Example
2

[0153] Inthe liquid crystal display device 100, as seen from
the comparison of FIG. 13(c) and FIG. 13(d), the difference
between the grayscale level b1' and the grayscale level b2' is
greater than the difference between the grayscale level b1 and
the grayscale level b2 which are represented by the input
signal, and the difference between the grayscale level b3' and
the grayscale level b4' is smaller than the difference between
the grayscale level b3 and grayscale level b4 which are rep-
resented by the input signal. As a result, as well as a column
which includes the pixels P2 and P4 corresponding to the
grayscale levels b2, b4 which are relatively high in the input
signal, the blue subpixel of the pixel P3 corresponding to the
grayscale level b3 which is relatively low in the input signal
provides a relatively high luminance. In this case also, the
input signal represents an image for displaying a relatively
bright gray straight line whereas, in the liquid crystal display
device 100, the relatively bright gray straight line and a blue
dotted line alongside the straight line are displayed, so that the
display quality at the outline edges of the gray straight line
significantly deteriorates.

[0154] In the above description, the shift amounts ASq,
ASf are the products of the luminance difference levels
AY o, AY,f and the saturation factor HW. To avoid such a
phenomenon, other parameters may be used in determining
the shift amounts ASa, ASP. Generally speaking, in a portion
of an image, such as a text, corresponding to an edge extend-
ing between pixels of a straight line displaying portion which
are arranged along the column direction and adjacent pixels
corresponding to a background displaying portion, the differ-
ence in grayscale level between the blue subpixels included in
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adjacent pixels represented by the input signal is large. There-
fore, when the saturation factor HW is close to 1, the differ-
ence in grayscale level between the blue subpixels included in
the adjacent pixels greatly varies from row to row due to the
correction, so that the image quality may deteriorate. Thus, as
the parameter for the shift amounts ASct, ASf, a continuity
factor that is indicative of the continuity of color across adja-
cent pixels represented by the input signal may be added.
When the difference between the grayscale level bl and the
grayscale level b2 is relatively large, the shift amounts ASa,
ASf vary depending on the continuity factor so that the shift
amounts ASax, ASp are zero or decrease, and the deterioration
of the image quality can be prevented. For example, when the
difference between the grayscale level bl and the grayscale
level b2 is relatively small, the continuity factor increases,
and an adjustment of the luminance of the blue subpixels
included in the adjacent pixels is performed. However, when
the difference of the grayscale level bl and the grayscale level
b2 is relatively large at a border region of the image, the
continuity factor is small, so that the adjustment of the lumi-
nance of the blue subpixels is unnecessary.

[0155] Hereinafter, a correction section 300A' for adjusting
the luminance of the blue subpixels as described above is
described with reference to FIG. 14. Note that, herein, the
edge factor is used instead of the continuity factor. The cor-
rection section 300A" has the same configuration as that of the
correction section 300A that has previously been described
with reference to FIG. 8 except that it further includes an edge
determination section 390 and a factor calculation section
395. To avoid redundancy, repetitive description is not given
herein.

[0156] The edge determination section 390 determines the
edge factor HE based on the grayscale levels b1, b2 repre-
sented by the input signal. The edge factor HE is a function
which increases as the difference in grayscale level between
the blue subpixels included in adjacent pixels increases.
When the difference between the grayscale level bl and the
grayscale level b2 is relatively large, i.e., when the continuity
of the grayscale level bl and the grayscale level b2 is low, the
edge factor HE is high. On the contrary, when the difference
between the grayscale level bl and the grayscale level b2 is
relatively small, i.e., when the continuity of the grayscale
level b1 and the grayscale level b2 is high, the edge factor HE
is low. Thus, as the continuity of the grayscale levels of the
blue subpixels included in adjacent pixels (or the aforemen-
tioned continuity factor) decreases, the edge factor HE
increases. As the continuity of the grayscale levels (or the
aforementioned continuity factor) increases, the edge factor
HE decreases.

[0157] The edge factor HE continuously changes depend-
ing on the difference in grayscale level between the blue
subpixels included in adjacent pixels. For example, in the
input signal, the edge factor HE is expressed as HE=Ib1-b2l/
MAX, where [b1-b2| is the absolute value of the difference in
grayscale level between the blue subpixels of adjacent pixels
and MAX=MAX (b1, b2). Note that, when MAX=0, HE=0.
[0158] Then, the factor calculation section 395 calculates a
correction factor HC based on the saturation factor HW deter-
mined in the saturation determination section 340 and the
edge factor HE determined in the edge determination section
390. The correction factor HC is expressed as, for example,
HC=HW-HE. In the factor calculation section 395, clipping
may be performed such that the correction factor HC falls
within the range of 0to 1. Then, the multiplication section 350
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generates the shift amounts ASa, ASf by means of multipli-
cation of the correction factor HC and the luminance differ-
ence levels AY zo, AY (3.

[0159] Thus, in the correction section 300A', the shift
amounts ASa, ASp are obtained by means of multiplication of
the correction factor HC, which is obtained based on the
saturation factor HW and the edge factor HE, and the lumi-
nance difference levels AY za, AY,f. Since, as previously
described, the edge factor HE is a function which increases as
the difference in grayscale level between the blue subpixels
included in adjacent pixels represented by the input signal
increases, the correction factor HC which dominates the
luminance distribution decreases as the edge factor HE
increases, so that the jaggedness of the edges can be reduced.
Since the saturation factor HW is a function which continu-
ously changes as previously described and the edge factor HE
is also a function which continuously changes depending on
the difference in grayscale level between the blue subpixels
included in the adjacent pixels, the correction factor HC also
continuously changes, so that abrupt change in display can be
prevented.

[0160] When, inthe correction section 300A', adjacent pix-
els in the input signal represent achromatic colors at the same
grayscale level and the grayscale levels b1, b2 are equal to
each other, the difference between the grayscale level b1' and
the grayscale level b2' is large so that the viewing angle
characteristics can be improved. On the other hand, when
adjacent pixels in the input signal represent achromatic colors
at greatly different grayscale levels and the grayscale levels
b1, b2 are greatly different from each other, the grayscale
level b1 is generally equal to the grayscale level b2'. In this
case, although the effect of improving the viewing angle
characteristics decreases, the liquid crystal display panel
200A displays an image with the grayscale levels represented
by the input signal as they are, so that the “jaggedness” of the
edges can be removed.

[0161] Here,itis assumed that two pixels in the input signal
represent achromatic colors. In this case, Max (r,,,, 2,,..
bye)=Min (£,,0s €aves Dave)s and the saturation factor W=1.
[0162] When the achromatic colors of the two pixels in the
input signal are at the same grayscale level, for example,
when (r1, g1,b1)=(100, 100, 100) and (2, g2, b2)=(100, 100,
100), Max (£ 1y.es Zaves Daye) =100 and Min (x,.,... 2,1 b,,,.)=100
and the saturation factor HW=1. In this case, the grayscale
level b1 is equal to the grayscale level b2, the edge factor
HE=0, and the correction factor HC=1. Therefore, the gray-
scale levels b1'and b2' are greatly different from the grayscale
levels bl and b2, respectively. The luminances of the blue
subpixels B1 and B2 in the liquid crystal display panel 200A
are greatly different from the luminances corresponding to
the grayscale levels b1, b2 represented by the input signal.
[0163] When the achromatic colors of the two pixels in the
input signal are at different grayscale levels, for example,
when (r1, gl. b1)=(100, 100, 100) and (r2, g2, b2)=(50, 50,
50), Max (100 801 b00)=73 a0d Mi (11 8000 b, )75,
and the saturation factor HW=1. In this case, the edge factor
HE=0.5 (=1100-501/100), and the correction factor HC=0.5.
Therefore, the grayscale levels b1' and b2' are different from
the grayscale levels bl and b2, respectively. The luminances
of the blue subpixels B1, B2 in the liquid crystal display panel
200A are different from the luminances corresponding to the
grayscale levels bl, b2 represented by the input signal.
[0164] On the other hand, when the grayscale levels of the
achromatic colors of the two pixels in the input signal are
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relatively largely different, for example, when (r1, g1, bl)=
(100, 100, 100) and (12, g2, b2)=(0, 0, 0), Max (r,,., &,,.s
h,,.)=50 and Min (r,,., E.es Da..)=30, and the saturation
factor HW=1. In this case, the edge factor HE=1 (=100-0I/
100), and the correction factor HC=0. Thus, when the correc-
tion factor HC is zero, the grayscale level bl' is equal to the
grayscale level b1, and the grayscale level b2' is equal to the
grayscale level b2. The luminances of the blue subpixels B1,
B2 in the liquid crystal display panel 200A are generally
equal to the luminances corresponding to the grayscale levels
b1, b2 represented by the input signal.

[0165] In the above description, the yellow shift which is
perceived when viewed from the oblique viewing direction is
reduced, although the color which is perceived as being a
“shifted” color when viewed from the oblique viewing direc-
tion is not limited to yellow. In the description below, a
phenomenon where the color is perceived as being a shifted
color is also referred to as “color shift”. The present invention
may be applied to reduction of a color shift other than the
yellow shift.

[0166] Inthe above description, a change is made such that
the 7 value increases at the middle grayscale levels, although
the present invention is not limited to this example. The 7
value may be corrected such that the Z value is increased in a
certain grayscale level range while the Z value is decreased in
the other grayscale level range. For example, to improve the
liquid crystal display device of Comparative Example 1
shown in FIG. 4, the correction to the grayscale level of the
blue subpixel may be made such that the Z value is decreased
in a low-middle grayscale level range while the 7 value is
increased in a middle-high grayscale level range.

[0167] In the above description, the correction to the gray-
scale level of the blue subpixel is made only to the middle
grayscale levels, although the correction to the grayscale level
of the blue subpixel is preferably made at all the grayscale
levels in order to further reduce the color shift. It is preferred
that the correction to the grayscale level of the blue subpixel
is also made in the range from low grayscale levels (e.g.,
black) to middle grayscale levels and in the range from
middle grayscale levels to high grayscale levels (e.g., white).

[0168] As previously described, the liquid crystal display
panel 200A operates in the VA mode. Now, a specific con-
figuration example of the liquid crystal display panel 200A is
described. For example, the liquid crystal display panel 200A
may operate in the MVA mode. First, a configuration of the
liquid crystal display panel 200A which operates in the MVA
mode is described with reference to FIGS. 15(a) to 15(c).

[0169] The liquid crystal display panel 200A includes a
pixel electrode 224, a counter electrode 244 which opposes
the pixel electrode 224, and a vertical alignment type liquid
crystal layer 260 interposed between the counter electrode
244 and the counter electrode 244. Note that, herein, the
alignment films are not shown.

[0170] At a side of the liquid crystal layer 260 which is
closer to the pixel electrode 224, slits (portions where a con-
ductive film is not provided) 227 and ribs (protrusions) 228
are provided. At the other side of the liquid crystal layer 260
which s closer to the counter electrode 244, slits 247 and ribs
248 are provided. The slits 227 and the ribs 228 provided at
the side of the liquid crystal layer 260 which is closer to the
pixel electrodes 224 are also referred to as “first alignment
regulating means”. The slits 247 and the ribs 248 provided in
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the other side of the liquid crystal layer 260 which is closer to
the counter electrode 244 are also referred to as “second
alignment regulating means”.

[0171] In liquid crystal regions defined between the first
alignment regulating means and the second alignment regu-
lating means, the liquid crystal molecules 262 are subject to
the alignment regulating forces produced by the first align-
ment regulating means and the second alignment regulating
means. When a voltage is applied between the pixel electrode
224 and the counter electrode 244, the liquid crystal mol-
ecules 262 incline (or “tilt”) in directions shown by arrows in
the drawings. In other words, in each liquid crystal region, the
liquid crystal molecules 262 unidirectionally incline, so that
each liquid crystal region can be regarded as a domain.
[0172] Thefirst alignment regulating means and the second
alignment regulating means (which are sometimes generi-
cally referred to as “alignment regulating means™) are in a
band-like arrangement in each subpixel. FIGS. 15(a) to 15(c)
are cross-sectional views which are perpendicular to the
direction of extension of the band-like alignment regulating
means. At the opposite sides of each alignment regulating
means, liquid crystal regions (or “domains”) are formed
between which the direction of inclination of the liquid crys-
tal molecules 262 is different by 180°. As the alignment
regulating means, a variety of alignment regulating means (or
“domain regulating means”), such as disclosed in Japanese
Laid-Open Patent Publication No. 11-242225, may be used.
[0173] InFIG. 15(a), the slits 227 are provided in the pixel
electrodes 224 as the first alignment regulating means, and
the ribs 248 are provided as the second alignment regulating
means. The slits 227 and the ribs 248 are each elongated to
have a band-like form (strip-like form). When a potential
difference is produced between the pixel electrode 224 and
the counter electrode 244, an oblique electric field is gener-
ated in part of the liquid crystal layer 260 which is in the
vicinity of an edge of the slit 227. The oblique electric field
acts on the liquid crystal molecules 262 such that the liquid
crystal molecules 262 are aligned along the direction perpen-
dicular to the extension of the slit 227, The ribs 248 make the
liquid crystal molecules 262 aligned generally perpendicular
to its lateral surface 248a, whereby the liquid crystal mol-
ecules 262 are also aligned along a direction perpendicular to
the direction of extension of the ribs 248. The slits 227 and the
ribs 248 are arranged in parallel to one another with certain
intervals therebetween. A liquid crystal region (or “domain™)
is formed between the slit 227 and the rib 248 which are
adjacent to each other.

[0174] The configuration of FIG. 15(b) is different from
that of FIG. 15(a) in that the ribs 228 and the ribs 248 are
provided as the first alignment regulating means and the
second alignment regulating means, respectively. The ribs
228 and the ribs 248 are arranged parallel to one another with
certain intervals therebetween. The ribs 228 and the ribs 248
fanction such that the liquid crystal molecules 262 are ori-
ented generally perpendicular to a lateral surface 228a of the
ribs 228 and a lateral surface 248a of the ribs 248, whereby
liquid crystal regions (or “domains”) are formed therebe-
tween.

[0175] The configuration of FIG. 15(c) is different from
that of FIG. 15(a) in that the slits 227 and the slits 247 are
provided as the first alignment regulating means and the
second alignment regulating means, respectively. The slits
227 and the slits 247 function such that, when a potential
difference is produced between the pixel electrode 224 and
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the counter electrode 244, an oblique electric field is gener-
ated in part of the liquid crystal layer 260 which is in the
vicinity of an edge of the slits 227 and 247. The oblique
electric field acts on the liquid crystal molecules 262 such that
the liquid crystal molecules 262 are oriented in directions
perpendicular to the direction of extension of the slits 227 and
247. The slits 227 and the slits 247 are provided in parallel to
one another with certain intervals therebetween. Between the
slits 227 and the slits 247, liquid crystal regions (or
“domains”) are formed.

[0176] As previously described, any combination of ribs
and slits may be used as the first alignment regulating means
and the second alignment regulating means. When the con-
figuration of the liquid crystal display panel 200A which is
shown in FIG. 15(a) is employed, the advantage of minimiz-
ing the increase of the fabrication steps is obtained. Even
when a slit is provided in the pixel electrode, an additional
step 1s not necessary. On the other hand, as for the counter
electrode, providing a rib is better than providing a slit
because a smaller number of steps are added. As a matter of
course, a configuration where only a rib is provided as the
alignment regulating means, or a configuration where only a
slit is provided as the alignment regulating means, may be
employed.

[0177] FIG. 16 is a partial cross-sectional view schemati-
cally showing a cross-sectional structure of the liquid crystal
display panel 200A. FIG. 17 is a plan view schematically
showing a region corresponding to one subpixel of the liquid
crystal display panel 200A. The slits 227 are in the form ofa
band. Adjacent ribs 248 are arranged parallel to each other.
[0178] A surface of the insulative substrate 222 which is
closer to the liquid crystal layer 260 is provided with an
unshown gate line (scanning line) and a source line (signal
line), and a TFT. Further, an interlayer insulation film 225 is
provided for covering these components. A Pixel electrode
224 is provided on the interlayer insulation film 225. The
pixel electrode 224 and the counter electrode 244 oppose each
other with a liquid crystal layer 260 interposed therebetween.
[0179] Thepixel electrode 224 has a band-like slit 227, and
a vertical alignment film (not shown) is provided generally
over the entire surface of the pixel electrode 224 that includes
the slit 227. The slit 227 is in the form of a band as shown in
FIG. 17. Two adjacent slits 227 are arranged parallel to each
other so as to generally halve the interval of adjacent ribs 248.
[0180] Inaspacebetween the band-like slit 227 and rib 248
extending parallel to each other, the orientations of the liquid
crystal molecules 262 are regulated by the slit 227 and the rib
248 at both sides of the space, so that domains in which the
orientations of the liquid crystal molecules 262 are different
by 180° from each other are formed at both sides of each of
the slit 227 and the rib 248. In the liquid crystal display panel
200A, as shown in FIG. 17, the slits 227 and the ribs 248
extend in two directions which are different by 90° from each
other, so that four domains in which the orientations of the
liquid crystal molecules 262 are different by 90° from one
another are formed in each subpixel.

[0181] A pair of polarizers (not shown) provided at the
outer sides of the insulative substrate 222 and the insulative
substrate 242 are arranged such that the transmission axes are
generally perpendicular to each other (crossed Nicols
arrangement). The polarizers may be arranged such that, in
every one of the four types of domains which have different
orientation directions by angles of 90°, the orientation direc-
tion and the transmission axes of the polarizers form an angle
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of 45°, whereby the change of retardation which is attributed
to formation of the domains can be utilized most efficiently.
Thus, it is preferred that the polarizers are arranged such that
the transmission axes of the polarizers and the direction of
extension of the slit 227 and the ribs 248 form an angle of
about 45°. In a display device in which the viewing direction
may be horizontally moved relative to the display surface in
many cases, arranging the transmission axis of one of the pair
of polarizers so as to be horizontal to the display surface is
preferred from the viewpoint of decreasing the viewing angle
dependence of the display quality. In the liquid crystal display
panel 200A which has the above-described configuration,
when a predetermined voltage is applied across the liquid
crystal layer 260 in each subpixel, a plurality of regions (or
“domains™) are formed among which the azimuth of inclina-
tion of the liquid crystal molecules 262 is different, so that
display of a wide viewing angle is realized.

[0182] In the above description, the liquid crystal display
panel 200A operates in the MVA mode, although the present
invention is not limited to this example. As previously
described, the liquid crystal display panel 200A operates in
the CPA mode.

[0183] Hereinafter, the liquid crystal display panel 200A
which operates in the CPA mode is described with reference
to FIG. 18 and FIG. 19. A separate electrode 224a, 2245 of the
liquid crystal display panel 200A shown in FIG. 18(a) has a
plurality of notches 2248 which are provided at predeter-
mined positions. The separate electrode 224a, 2245 is divided
by these notches 2248 into a plurality of unit electrodes 224a.
Each of the plurality of unit electrodes 224a has a generally
rectangular shape. In the example described herein, the sepa-
rate electrode 224a, 22454 is divided into three unit electrodes
224a, although the number of divisions is not limited to this
example.

[0184] When a voltage is applied between the separate
electrode 224a, 2245 which has the above-described structure
and the counter electrode (not shown), oblique electric fields
generated in the vicinity of the periphery of the separate
electrode 224a, 224b and in the notches 224f contribute to
formation of a plurality of liquid crystal domains each of
which exhibits an axial symmetry alignment (radial inclina-
tion alignment) as shown in FIG. 18(5). The liquid crystal
domains are formed in such a manner that one liquid crystal
domain is formed on each unit electrode 224c.. In each liquid
crystal domain, the liquid crystal molecules 262 incline in
substantially all the azimuths. Thus, the liquid crystal display
panel 200A includes an enormous number of regions among
which the azimuth of inclination of the liquid crystal mol-
ecules 262 is different. Therefore, display of a wide viewing
angle is realized.

[0185] Note that, although the separate electrode 224a,
224b has the notches 224p in the example shown in FIG. 18,
the separate electrode 224a, 224b may have openings 224y
instead of the notches 224 as shown in FIG. 19. The separate
electrode 224a, 224b shown in FIG. 19 has a plurality of
openings 224y and is divided by the openings 224y into a
plurality of unit electrodes 224c.. When a voltage is applied
between the separate electrode 224a, 224b having such a
structure and the counter electrode (not shown), oblique elec-
tric fields generated in the vicinity of the periphery of the
separate electrode 224a, 224b and in the openings 224y con-
tribute to formation of a plurality of liquid crystal domains
each of which exhibits an axial symmetry alignment (radial
inclination alignment) as shown in FI1G. 18(5).
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[0186] 1In the examples of FIG. 18 and FIG. 19 which have
been illustrated above, one separate electrode 224a, 224b has
a plurality of notches 224f or openings 224y, although the
separate electrode 224a, 2245 may have only one notch 2243
or opening 224y in the case where the separate electrode
224a, 22456 is divided into two parts. In other words, by
providing at least one notch 224f or opening 224y in the
separate electrode 224a, 224b, a plurality of liquid crystal
domains of axial symmetry alignment can be formed. The
shape of the separate electrode 224a, 224b may be selected
from a variety of shapes such as disclosed in, for example,
Japanese Laid-Open Patent Publication No. 2003-43525.
[0187] Inthe above description, it is assumed that the input
signal is a YCrCb signal which is commonly used as the color
television signal. However, the input signal is not limited to
the YCrCb signal but may be a signal which represents the
luminances of the respective subpixels of three primary col-
ors of RGB. It may be a signal which represents the lumi-
nances of the respective subpixels of other three primary
colors, such as YeMC (Ye: yellow, M: magenta, C: cyan).
[0188] In the above description, the correction section
300A includes the saturation determination section 340,
although the present invention is not limited to this example.
The correction section 300A may not include the saturation
determination section 340.

[0189] In the above description, the unit of adjustment of
the luminance of the blue subpixels consists of the blue sub-
pixels included in two adjacent pixels that are placed side by
side along the row direction, although the present invention is
not limited to this example. The unit of adjustment of the
luminance of the blue subpixels may consist of the blue
subpixels included in two adjacent pixels that are placed side
by side along the column direction. It should be noted that, in
the case where the unit of correction consists of the blue
subpixels included in two adjacent pixels that are placed side
by side along the column direction, line memories or the like
are necessary, and a large-size circuit is necessary.

[0190] FIG. 20 is a schematic diagram of a correction sec-
tion 300A" that is suitable to adjustment of the luminance
which is carried out by the unit of two blue subpixels included
in adjacent pixels that are placed side by side along the col-
umn direction. As shown in FIG. 20(a), the correction section
300A" includes preceding-stage line memories 300s, a gray-
scale adjustment section 300¢#, and subsequent-stage line
memories 300u. The grayscale levels r1, g1, bl represented
by the input signal correspond to the red, green and blue
subpixels included in a certain pixel. The grayscale levels r2,
22, b2 represented by the input signal correspond to the red,
green and blue subpixels included in a pixel of the subsequent
row. The preceding-stage line memories 300s delay the gray-
scale levels rl, g1 and b1 by one line and input the delayed
grayscale levels to the grayscale adjustment section 300z,
[0191] FIG. 20(b) is a schematic diagram of the grayscale
adjustment section 300z. The addition section 3105 1s used to
obtain the average grayscale level b, of the grayscale level
b1 and the grayscale level b2. Then, the grayscale difference
level section 320 generates two grayscale difference levels
Aba, abf from one average grayscale level b, _. The gray-
scale difference level Aba corresponds to the brighter blue
subpixel. The grayscale difference level abf3 corresponds to
the darker blue subpixel. In this way, the grayscale difference
level section 320 generates two grayscale difference levels
Aba, Abf from the average grayscale level b,,,.. Then, the
grayscale-luminance conversion section 330 converts the
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grayscale difference level Aba. to the luminance difference
level AY, o and the grayscale difference level Abf to the
luminance difference level AY (3.

[0192] On the other hand, the addition section 3107 is used
to obtain the average grayscale level r ,,, of the grayscale level
rl and the grayscale level r2. Meanwhile, the addition section
310g is used to obtain the average grayscale level g, of the
grayscale level gl and the grayscale level g2. The saturation
determination section 340 uses the average grayscale levels
r b, to obtain the saturation factor HW.

ave’ gave’ ave

[0193] Then, the shift amounts ASa., ASP are obtained. The
shift amount ASc is represented by the product of AY ;o and
the saturation factor HW, and the shift amount £83 is repre-
sented by the product of AY, 5 and the saturation factor HW.
The multiplication section 350 multiplies the luminance dif-
ference levels AY,a, AY,p by the saturation factor HW to
obtain the shift amounts ASa, AS.

[0194] The grayscale-luminance conversion section 360a
performs a grayscale-luminance conversion on the grayscale
level bl to obtain the luminance level Y,,. Likewise, the
grayscale-luminance conversion section 3606 performs a
grayscale-luminance conversion on the grayscale level b2 to
obtain the luminance level Y, ,.

[0195] Then, in the addition/subtraction section 370a, the
luminance level Y,, and the shift amount ASc are added
together, and the luminance-grayscale conversion section
380a performs a luminance-grayscale conversion to obtain
the grayscale level bl'. Meanwhile, in the addition/subtrac-
tion section 3705, the shift amount ASP is subtracted from the
luminance level Y, ,, and the luminance-grayscale conversion
section 3805 performs a luminance-grayscale conversion to
obtain the grayscale level b2'. Thereafter, as illustrated in
FIG. 20(a), the subsequent-stage line memories 300« delays
the grayscale levels r2, g2, b2' by one line. The correction
section 300A" thus performs an adjustment of the luminance
by the unit of blue subpixels included in adjacent pixels that
are placed side by side along the column direction.

[0196] Inthe above description, each of the subpixels R, G
and B includes two divisional regions, although the present
invention is not limited to this example. Each of the subpixels
R, G and B may include three or more divisional regions.

[0197] Alternatively, each of the subpixels R, G and B may
not include multiple divisional regions. For example, as
shown in FIG. 21, in the liquid crystal display panel 200A" of
the liquid crystal display device 100A', each of the subpixels
R, G and B may be formed by a single region. The red
subpixels R1, R2, G1, G2, B1 and B2 may provide the lumi-
nances corresponding to the grayscalelevels r1,r2, g1, g2, b1'
and b2', respectively.

[0198] As shown in FIG. 22, in the liquid crystal display
device 100A', the independent gamma correction processing
section 280 may be located at a stage which is precedent to the
correction section 300A. In this case, the independent gamma
correction processing section 280 performs an independent
gamma correction process on the grayscale levels rgh repre-
sented by the input signal to obtain the grayscale levels r,, g,
b,. Thereafter, the correction section 300A makes a correc-
tion to the signal which has already undergone the indepen-
dent gamma correction process. The exponent which is used
in the luminance-grayscale conversion in the correction sec-
tion 300A may be a value which is determined according to
the properties of the liquid crystal display panel 200A, rather
than a constant value (e.g., 2.2).
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[0199] In the above description, the saturation determina-
tion and the level difference determination are carried out
based on the average grayscale level, although the present
invention is not limited to this example. The saturation detet-
mination and the level difference determination may be car-
ried out based on the average luminance level. Note that the
luminance level is equal to the grayscale level raised to the
power of 2.2, and therefore, the accuracy of the luminance
level needs to be equal to the grayscale level accuracy raised
to the power of 2.2. Therefore, the lookup table that contains
luminance difference levels requires a large circuit size,
whereas the lookup table that contains grayscale difference
levels can be realized with a small circuit size.

[0200] In the above description, the grayscale level is rep-
resented by the input signal, and the correction section 300A
makes a correction to the grayscale level of the blue subpixel,
although the present invention is not limited to this example.
The correction section 300A may make a correction to the
luminance level of the blue subpixel when the luminance
level is already represented by the input signal or after the
grayscale level is converted to luminance level. Note that the
luminance level is equal to the grayscale level raised to the
power 0f2.2, and the accuracy ofthe luminance level needs to
be equal to the grayscale level accuracy raised to the power of
2.2. Therefore, a circuit for making a correction to the gray-
scale level can be realized at a lower cost than a circuit for
making a correction to the luminance level.

[0201] The independent gamma correction processing sec-
tion 280 and the correction section 300A shown in FIG. 1(a)
may be incorporated in, for example, an integrated circuit
(IC) which s provided in the frame region of the liquid crystal
display panel 200A. In the above description, the liquid crys-
tal display device 100A includes the independent gamma
correction processing section 280, although the present
invention is not limited to this example. The liquid crystal
display device 100 may not include the independent gamma
correction processing section 280.

Embodiment 2

[0202] Inthe above description, an adjustment of the lumi-
nance of the blue subpixels is performed by the unit of blue
subpixels included in adjacent pixels, although the present
invention is not limited to this example.

[0203] Hereinafter, the second embodiment of the liquid
crystal display device of the present invention is described
with reference to FIG. 23 and FIG. 24. The liquid crystal
display device 100B of the present embodiment has the same
configuration as that of the above-described display device of
embodiment 1 except that an adjustment of the luminance of
the blue subpixels is performed by the unit of blue subpixels
of different frames. To avoid redundancy, repetitive descrip-
tion is not given herein.

[0204] First, the general structure of the liquid crystal dis-
play device 100B of the present embodiment is described
with reference to FIG. 23. FIG. 23 only shows the blue sub-
pixels of the liquid crystal display panel 200A of the liquid
crystal display device 100B, while the red and green subpix-
els are not shown. In the liquid crystal display device 100B, an
adjustment of the luminance of each blue subpixel is per-
formed by the unit of blue subpixels of two consecutive
frames. Where, in the input signal, the grayscale level of the
blue subpixel B of the preceding frame (e.g., the 2N-17
frame) is grayscale level bl and the grayscale level of the blue
subpixel B of the subsequent frame (e.g., the 2N frame) is
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grayscale level b2, the luminance of the blue subpixel B in the
preceding frame in the liquid crystal display panel 200A is
different from the luminance of the same blue subpixel B in
the subsequent frame even when the middle grayscale level of
each pixel represented by the input signal does not change
(i.e., even when the grayscale level b1 is equal to the grayscale
level b2) over multiple frames.

[0205] As forthe blue subpixels included in adjacent pixels
in a certain frame, even when all the pixels are at the same
achromatic color level in the input signal, the blue subpixels
included in adjacent pixels that are placed side by side along
the row direction and the column direction in the liquid crys-
tal display panel 200A are at different luminance levels, so
that brighter blue subpixels and darker blue subpixels are
arranged in a checkered pattern.

[0206] FIG. 24 is a schematic diagram of a correction sec-
tion 300B in the liquid crystal display device 100B of the
present embodiment. In the correction section 300B, at least
under certain conditions, a correction is made to the grayscale
level b1 of the preceding frame to obtain the grayscale level
b1', and a correction is made to the grayscale level b2 of the
subsequent frame to obtain the grayscale level b2'.

[0207] The grayscale levels b1', b2' output from the correc-
tion section 300B vary among frames. For example, as for the
blue subpixel B of one pixel, the blue subpixel B exhibits the
luminance corresponding to the grayscale level bl' in the
immediately preceding frame (e.g., the 2N-1? frame), and
the blue subpixel B exhibits the luminance corresponding to
the grayscale level b2' in the subsequent frame (e.g., the 2N*
frame). In this way, an adjustment of the luminance of the
blue subpixels is performed by the unit of blue subpixels of
different frames. Thereby, the color shift can be reduced
without decreasing the resolution. Note that, in this case, from
the viewpoint of the response speed of the liquid crystal
molecules, it is preferred that the frame period is relatively
long.

Embodiment 3

[0208] Hereinafter, the third embodiment of the liquid crys-
tal display device of the present invention is described. FIG.
25(a)is a schematic diagram of a liquid crystal display device
100C of the present embodiment. The liquid crystal display
device 100C has the same configuration as that of the above-
described display device of embodiment 1 except that an
adjustment of the luminance of the blue subpixels is per-
formed by the unit of multiple divisional regions of the blue
subpixel. To avoid redundancy, repetitive description is not
given herein.

[0209] In the liquid crystal display device 100C, a correc-
tion section 300C generates two grayscale levels bl', b2' from
the grayscale level b of the blue subpixel represented by the
input signal. The independent gamma correction processing
section 280 performs an independent gamma correction pro-
cess.

[0210] FIG. 25(b) is a schematic diagram of aliquid crystal
display panel 200C in the liquid crystal display device 100C
of the present embodiment. The pixel includes the red sub-
pixel R, the green subpixel G, the first blue subpixel B1 and
the second blue subpixel B2. Note that, in the liquid crystal
display panel 200C, each of the subpixels R, G, B1 and B2
includes two divisional regions.

[0211] Specifically, the red subpixel R includes the first
region Ra and the second region Rb. The green subpixel G
includes the first region Ga and the second region Gb. The first
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blue subpixel B1 includes the first region Bla and the second
region B1b. The second blue subpixel B2 includes the first
region B2a and the second region B25.

[0212] The correction section 300C shown in FIG. 25(a)
does not makes a correction to the grayscale levels r and g
represented by the input signal, for example, but generates the
grayscale levels b1', b2' based on the grayscale level b repre-
sented by the input signal.

[0213] Then, the independent gamma cortrection process-
ing section 280 performs an independent gamma correction
process on each of the grayscale levels r, g, b1', b2'. By the
independent gamma correction process, the grayscale levels
r, g, bl', b2' are converted to the grayscale levels r,, g, b1,
and b2_". The independent gamma correction processing sec-
tion 280 outputs the grayscale levels r,, g,, bl.' and b2
which have undergone the independent gamma correction
process to the liquid crystal display panel 200C. Note that, in
the liquid crystal display panel 200C, the luminances corre-
sponding to the first and second regions Ra, Rb, Ga, Gb, Bla,
B14, B2a and B25 ofthe red, green, first blue and second blue
subpixels R, G, B1, B2 are determined based on the grayscale
levelsr,, g, bl,'and b2 .

[0214] Next, the general structure of the liquid crystal dis-
play device 100C of the present embodiment is described
with reference to FIG. 26. FIG. 26 only shows the first blue
subpixels B1 and the second blue subpixels B2 of the liquid
crystal display panel 200C of the liquid crystal display device
100C, while the red and green subpixels are not shown. In the
liquid crystal display device 100C, an adjustment of the lumi-
nance of the blue subpixels is performed by the unit of two
blue subpixels B1, B2 included in one pixel. The grayscale
level of the blue subpixels included in one pixel represented
by the input signal is the grayscale level b and. however, in the
liquid crystal display panel 200C, the luminance of the first
blue subpixel Bl is different from the luminance of the sec-
ond blue subpixel B2. Note that, in the case where the first
blue subpixels and the second blue subpixels included in
adjacent pixels that are placed side by side along the column
direction are arranged in aline along the column direction, for
example, the luminance of the first blue subpixel included in
a pixel of an odd-numbered row is higher than the luminance
ofthe second blue subpixel included in the same pixel, and the
luminance of the first blue subpixel included in a pixel of an
even-numbered row is lower than the luminance of the second
blue subpixel included in the same pixel.

[0215] FIG. 27 is a schematic diagram of the correction
section 300C of the liquid crystal display device 100C. In the
correction section 300C, the luminance level Y, obtained ina
grayscale-luminance conversion section 360 is equal to the
luminance level Y, , and the luminance level Y ,,. Therefore,
the luminance levels Y,; and Y,, are equal to each other
before the operations in the addition/subtraction sections
370a,3705. The grayscale level b1' obtained in the correction
section 300C corresponds to the first blue subpixel B1, and
the grayscale level b2' corresponds to the second blue sub-
pixel B2.

[0216] As previously described, the first blue subpixel B1
includes the first region Bla and the second region B1b, and
the second blue subpixel B2 includes the first region B2a and
the second region B2b. For example, the average luminance
of the brighter region and the darker region of the brighter
blue subpixel is the grayscale level b1', and the average lumi-
nance of the brighter region and the darker region of the
darker blue subpixel is the grayscale level b2'.
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[0217] Note that, in the liquid crystal display panel 200C
shown in FIG. 25(b), each of the subpixels R, G and B
includes two divisional regions, although the present inven-
tion is not limited to this example. Each of the subpixels R, G
and B may include three or more divisional regions. Alterna-
tively, each of the subpixels R, G and B may not include
multiple divisional regions. For example, each of the subpix-
els R, G and B may be formed by a single region.

[0218] In the above description, each pixel includes two
blue subpixels, although the present invention is not limited to
this example. As shown in FIG. 28(a), each pixel may
includes one blue subpixel B that includes the first region Ba
corresponding to the grayscale level b1' and the second region
Bb corresponding to the grayscale level b2'. FIG. 28(5) shows
the structure of the blue subpixel B. A separate electrode 2244
which corresponds to the first region Ba of the blue subpixel
B and a separate electrode 224b which corresponds to the
second region Bb are electrically coupled to different source
lines via different TFTs.

Embodiment 4

[0219] In the above-described liquid crystal display
devices, the pixel performs display using three primary col-
ors, although the present invention is not limited to this
example. The pixel may perform display using four or more
primary colors.

[0220] Hereinafter, the fourth embodiment of the liquid
crystal display device of the present invention is described.
FIG. 29(a) is a schematic diagram of a liquid crystal display
device 100D of the present embodiment. The liquid crystal
display device 100D further includes a multi-primary color
conversion section 400 in addition to a liquid crystal display
panel 200D, an independent gamma correction processing
section 280, and a correction section 300D. In the liquid
crystal display panel 200D, each pixel includes three or more
subpixels which provide different colors. In the description
below, the liquid crystal display panel 200D is sometimes
referred to as a multi-primary color display panel 200D.
[0221] The multi-primary color conversion section 400
generates a multi-primary color signal based on the input
signal which represents the grayscale levels rgb. The multi-
primary color signal represents the grayscale levels R1
GBYeCR2 which correspond to the respective subpixels
included in a pixel of the liquid crystal display panel 200D.
[0222] The correction section 300D makes, at least under
predetermined conditions, a correction to the grayscale level,
or the luminance level corresponding to the grayscale level, of
at least the blue subpixel that is one of the subpixels repre-
sented by the multi-primary color signal. The independent
gamma correction processing section 280 performs an inde-
pendent gamma correction process.

[0223] FIG. 29(b) shows an arrangement of pixels provided
in the multi-primary color display panel 200D and subpixels
included in the pixels. In FIG. 29(b), as an example, pixels
arranged in three rows and three columns are shown. Each
pixel includes six types of subpixels, namely, a first red sub-
pixel Rx, a green subpixel G, a blue subpixel B, a yellow
subpixel Ye, a cyan subpixel C, and a second red subpixel Ry.
In the multi-primary color display panel 200D, one color is
expressed by one pixel that includes the first red subpixel Rx,
the green subpixel G, the blue subpixel B, the yellow subpixel
Ye, the cyan subpixel C, and the second red subpixel Ry. The
luminance of each subpixel is independently controlled. Note
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that the arrangement of the color filter of the multi-primary
color display panel 200D corresponds to the configuration
shown in FIG. 29(b).

[0224] Inthe multi-primary color display panel 200D, each
fthe subpixels Rx, G, B, Ye, C and Ry includes two divisional
regions. Specifically, the first red subpixel Rx includes the
first region Rxa and the second region Rxb. The green sub-
pixel G includes the first region Ga and the second region Gb.
The blue subpixel B includes the first region Ba and the
second region Bb. The yellow subpixel Ye includes the first
region Yea and the second region Yeb. The cyan subpixel C
includes the first region Ca and the second region Cb. The
second red subpixel Ry includes the first region Rya and the
second region Ryb. Note that, in the description below, one of
two adjacent pixels that are placed side by side along the row
direction islabeled “P17, and the first red, green, blue, yellow,
cyan, and second red subpixels included in the pixel P1 are
labeled “Rx1”, “G17, “B1”, “Yel”, “C1”, and “Ry1”. The
other pixel is labeled “P2”, and the red, green, and blue
subpixels included in the pixel P2 are labeled “Rx2”, “G2”,
“B2”, “Ye2”,“C2”, and “Ry2”.

[0225] In general, red, green and blue are called “three
additive primaries”, while yellow, cyan and magenta are
called “three subtractive primaries”. Some multi-primary
color display panels are provided with six subpixels corre-
sponding to the three additive primaries and the three sub-
tractive primaries. However, in the example described herein,
the second red subpixel Ry is provided in place of the magenta
subpixel. Thus, in the multi-primary color display panel
200D, each pixel includes six types of subpixels, but the
number of primary colors is five. Such a subpixel arrange-
ment is disclosed in, for example, Patent Document 4.
[0226] In the description below, for the sake of conve-
nience, the luminance level of a subpixel corresponding to the
lowest grayscale level (e.g., grayscale level 0) is represented
by “0”, and the luminance level of a subpixel corresponding
to the highest grayscale level (e.g., grayscale level 255) is
represented by “17”. Even when the red, green, blue, yellow
and cyan subpixels have equal luminance levels, the actual
luminances of these subpixels are different. The luminance
level is the ratio of the luminance of each subpixel to the
highest luminance.

[0227] For example, in the case where the color of a pixel
which is represented by the input signal is black, all the
grayscale levels r, g and b represented by the input signal are
the lowest grayscale level (e.g., grayscale level 0). All the
grayscale levels Rx, G, B, Ye, C, Ry, which are the results of
a multi-primary color conversion of the grayscale levels r, g
and b, are the lowest grayscale level (e.g., grayscale level 0).
Alternatively, in the case where the color of a pixel repre-
sented by the input signal is white, all the grayscale levelsr, g
and b are the highest grayscale level (e.g., grayscale level
255). All the grayscale levels Rx, G, B, Ye, C, Ry, which are
the results of a multi-primary color conversion of the gray-
scale levels r, g and b, are the highest grayscale level (e.g.,
grayscale level 255). Many of the TV sets recently circulated
in the market allow the user to adjust the color temperature,
and the adjustment of the color temperature is realized by
finely adjusting the luminance of each subpixel. Here, the
luminance level after the adjustment to a desired color tem-
perature is represented by “1”.

[0228] The six subpixels included in one pixel are aligned
along the row direction. As for subpixels included in adjacent
pixels that are placed side by side along the row direction, the
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order of arrangement along the row direction of the first red
subpixel Rx, the green subpixel G, the blue subpixel B, the
yellow subpixel Ye, the cyan subpixel C and the second red
subpixel Ry included in one of the adjacent pixels is the same
as the order of arrangement of the subpixels included the
other one of the adjacent pixels. Thus, the subpixels are peri-
odically arranged.

[0229] The multi-primary color conversion section 400
shown in FIG. 29(a) generates a multi-primary color signal
based on, for example, an input signal for a three primary
color display device. The input signal to the three primary
color display device represents the grayscale levels r, gand b
of the red, green and blue subpixels. Usually, the grayscale
levels r, g and b are in an 8-bit representation. Alternatively,
the input signal may have a value convertible to the grayscale
levels r, g and b of the red, green and blue subpixels. This
value is in a three-dimensional representation. The input sig-
nal has already undergone a gamma correction process. In
FIG. 29, the grayscale levels r, g and b of the input signal are
represented by a single symbol, rgh. When the input signal is
compliant with the BT.709 standards, the grayscale levelsr, g
and brepresented by the input signal are each within the range
from the lowest grayscale level (e.g., grayscale level 0) to the
highest grayscale level (e.g., grayscale level 255). The lumi-
nances of the red, green and blue subpixels are within the
range of “0” to “1”. The input signal is, for example, aYCrCh
signal.

[0230] The multi-primary color conversion section 400
converts the grayscale levels rgb of the input signal to the
grayscale levels RxGBYeCRy. In the description provided
below in this specification, the grayscale levels of the first red
subpixel Rx, the green subpixel G, the blue subpixel B, the
vellow subpixel Ye, the cyan subpixel C and the second red
subpixel Ry are also represented by “Rx”, “G”, “B”, “Ye”,
“C” and “Ry”, respectively. In FIG. 29(a), the grayscale lev-
els Rx, G, B, Ye, C and Ry are represented by a single symbol,
RxGBYeCRy. Possible values for grayscale levels Rx, G, B,
Ye, C, Ry are from O to 255. The multi-primary color conver-
sion section 400 has, for example, an unshown lookup table.
The lookup table may contain data which represent the gray-
scale levels of the red, green, blue, yellow and cyan subpixels
corresponding to the grayscale levels r, g and b of the three
primary colors. Note that the color specified by the grayscale
levels RxGBYeCRy is basically the same as the color speci-
fied by the grayscale levels rgh, but these colors may be
different as necessary.

[0231] The independent gamma correction processing sec-
tion 280 performs an independent gamma correction process
to correct the grayscale error included in the grayscale levels
RxGBYeCRy obtained in the multi-primary color conversion
section 400. This grayscale error is specific to the liquid
crystal display panel 200D. For example, the independent
gamma correction processing section 280 may refer to the
lookup table to perform an independent gamma correction
process or may perform an arithmetic operation based on the
respective grayscale levels.

[0232] In the liquid crystal display device 100D, the cor-
rection section 300D is interposed between the multi-primary
color conversion section 400 and the independent gamma
correction processing section 280. The grayscale levels
which have undergone a multi-primary color conversion are
corrected in the correction section 300D. For example, the
correction section 300D corrects the grayscale level B to the
grayscale level B', without making a correction to the gray-
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scale levels Rx, G, Ye, C and Ry represented by the multi-
primary color signal. The details of this correction will be
described later with reference to FIG. 33. Since the indepen-
dent gamma correction processing section 280 is provided at
a stage which is subsequent to the correction section 300D, a
grayscale-luminance conversion performed in the correction
section 300D can be carried out with a constant exponent
(e.g.,2.2).

[0233] Note that, in the liquid crystal display panel 200D,
the color filter for the first red subpixel is made of the same
material as that of the color filter for the second red subpixel,
and the hue of the first red subpixel Rx is equal to that of the
second red subpixel Ry. The second red subpixel Ry and the
first red subpixel Rx are coupled to different signal lines (not
shown). The second red subpixel Ry can be controlled inde-
pendently of the first red subpixel Rx. However, herein, the
voltage applied across the liquid crystal layer of the first red
subpixel Rx is equal to the voltage applied across the liquid
crystal layer of the second red subpixel Ry. The color dis-
played by the first red subpixel Rx is equal to the color
displayed by the second red subpixel Ry. Thus, in the descrip-
tion below, unless otherwise specifically described, the gray-
scalelevel (e.g., 010 255) and the luminance level (0 to “17*)
of the red subpixel mean the total grayscale level and the total
luminance level of the two red subpixels.

[0234] FIG. 30 schematically shows the a*b* plane of the
L*a*b* color space in which the a* and b* coordinates of the
colors of the respective subpixels of the display device of the
present embodiment are plotted. Table 1 shows the X, Y and
7 values and the x and y values of the respective colors of the
six subpixels. Note that the values of the respective colors of
the six subpixels correspond to the values of the colors which
are provided when the respective subpixels are at the highest
grayscale level.

TABLE 1
X Y Z X y
red subpixel 0011  0.005 0.000 0.677 0.311
yellow subpixel 0013 0.017 0.000 0.439 0.550

green subpixel 0.003  0.008 0.001 0.242 0.677
cyan subpixel 0.002  0.004 0.006 0.142 0.372

blue subpixel 0006 0.002  0.033 0145 0053
white 0035 0036 0040 0313 0329
[0235] Inthe case where the color represented by a pixel is

changed from black to white by equally increasing the lumi-
nances of the respective subpixels, the color displayed by the
pixel changes while it remains achromatic when viewed from
the front viewing direction. However, when viewed from the
oblique viewing direction, the achromatic color may some-
times be perceived as having some hue.

[0236] Hereinafter, the advantages of the liquid crystal dis-
play device 100D of the present embodiment are described as
compared to a liquid crystal display device of Comparative
Example 3. First, the liquid crystal display device of Com-
parative Example 3 is described. The liquid crystal display
device of Comparative Example 3 has basically the same
configuration as that of the liquid crystal display device 100D
except that it does not include a component which is equiva-
lent to the correction section 300D. The liquid crystal display
device of Comparative Example 3 has the same subpixel
arrangement as that of the liquid crystal display device 100D
of the present embodiment. Note that, herein, the input signal
to the liquid crystal display device is such that all the pixels
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over the entire screen display an achromatic color. The gray-
scale levels of the subpixels in the input signal increase at
equal rates such that the lightness of the achromatic color
changes from black to white. Specifically, in an initial state,
the achromatic color represented by the input signal is black,
and the luminances of the red, green, blue, yellow and cyan
subpixels are “0”. The grayscale levels of the red, green, blue,
vellow and cyan subpixels increase at equal rates. As the
luminances of the red, green, blue, yellow and cyan subpixels
increase, the lightness of the achromatic color displayed by
the pixel increases. When the luminances of the red, green,
blue, yellow and cyan subpixels increase to reach “1”, the
achromatic color represented by the input signal is white.

[0237] Hereinafter, the change of the colorimetric values of
the X value, the Y value and the 7 value with respect to the
change of the grayscale level in the liquid crystal display
device of Comparative Example 3 is described with reference
to FIG. 31. In FIG. 31(a), WX, WY and WZ represent the
change of the colorimetric values of the X value, the Y value
and the Z value, respectively, with respect to the change of the
grayscale level for the oblique viewing direction. Note that
the X value, theY value and the Z value for the front viewing
direction change in the same fashion. In FIG. 31(a), the X
value, the Y value and the 7 value for the front viewing
direction are collectively represented by a single curve
labeled “front”. The liquid crystal display device of Com-
parative Example 3 used herein is a VA mode liquid crystal
display device. The “oblique viewing direction” refers to a
direction thatis inclined from the normal to the screen by 60°.
In the liquid crystal display device of Comparative Example
3, the grayscale levels of the respective subpixels change at
equal increase rates.

[0238] In the liquid crystal display device of Comparative
Example 3, each subpixel includes multiple divisional
regions, so that a whitening phenomenon is prevented. To
further prevent the whitening phenomenon, the X value, the Y
value and the 7 value for the oblique viewing direction pref-
erably change in the same fashion as those for the front
viewing direction. In this respect, the X value and the Y value
are more distant from the curve for the front viewing direction
than the 7 value is. In other words, the X value and the Y value
have larger deviations from the values for the front viewing
direction. Thus, from the viewpoint of preventing whitening,
the X value, the Y value and the Z value (particularly, the X
value and the Y value among these values) are preferably
made closer to the values for the front viewing direction.

[0239] On the other hand, comparing the changes of the X
value, the Y value and the Z value for the oblique viewing
direction, the X value, the Y value and the Z value seem to
change in basically the same fashion. More strictly, however,
the 7 value for the oblique viewing direction changes in a
different fashion from the X value and the Y value at least in
part of the grayscale level range. Specifically, the Z value is
different from the X value and the Y value at around grayscale
level 0.5 and around grayscalelevel 0.9. In the case where the
7 value is different from the X value and the Y value, the
achromatic color looks yellowish when viewed from the
oblique viewing direction.

[0240] FIG. 31(b) shows the change of the color which is
perceived when viewed from the oblique viewing direction as
the color changes from black to white. When viewed from the
oblique viewing direction, the achromatic color at the middle
grayscale levels sometimes looks to have a shift toward yel-
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low so that, in the case of the liquid crystal display device of
Comparative Example 3, the display quality would deterio-
rate.

[0241] Even in the multi-primary color display device, the
achromatic color at the middle grayscale levels sometimes
looks to have a shift toward yellow. In the case of the liquid
crystal display device of Comparative Example 3, the display
quality would deteriorate. To prevent such a yellow shift,
simply changing the luminance of yellow leads to a change in
luminance for the front viewing direction, so that the display
quality for the front viewing direction also deteriorates.
[0242] Now, the proportion of the components of the
respective subpixels to the colorimetric value ofthe Z value in
the liquid crystal display device of Comparative Example 3 is
described with reference to FIG. 32. In FIG. 32, R, G, B, Ye
and C respectively represent the Z value components of the
red, green, blue, yellow and cyan subpixels, and WZ repre-
sents the Z value of the entire pixel. The Z value of the entire
pixel is equal to the sum of the 7 value components of the red,
green, blue, yellow and cyan subpixels. As understood from
FIG. 32, the component of the blue subpixel is larger than the
components of the red, green, yellow and cyan subpixels.
Note that, in Table 1, the ratio of the component of the blue
subpixel to the Z value of the white display is large as com-
pared with the other subpixels.

[0243] The present inventors found that, even in multi-
primary color display, an adjustment of the luminance of the
blue subpixels is performed by the unit of a plurality of blue
subpixels whose luminance can be independently controlled,
whereby the yellow shift can be reduced. In the liquid crystal
display device 100D of the present embodiment, the blue
subpixels included in adjacent pixels that are placed side by
side along the row direction have different luminances. Note
that the correction to the X value and the Y value may be
realized by correcting the grayscale level of the yellow sub-
pixel. In this case, however, undesirably, the resolution sub-
stantially decreases as the difference in grayscale level
between yellow subpixels increases.

[0244] Now, the components of the correction section
300D and their operation are described with reference to FIG.
33. In FIG. 33, the grayscale levels R1, G1, B1, Yel, C1
represented by the multi-primary color signal are equivalent
to the grayscale levels of the respective subpixels included in
the pixel P1, and the grayscale levels R2, G2, B2, Ye2, C2
represented by the multi-primary color signal are equivalent
to the grayscale levels of the respective subpixels included in
the pixel P2.

[0245] The correction section 300D corrects the grayscale
level or luminance level of the blue subpixel such that the
change of the Z value is identical with, or has similarity to, the
change of the X value and the Y value. In the correction
section 300D, the grayscale levels R1,R2, G1, G2, Yel, Ye2,
C1 and C2 are not corrected, while the grayscale levels B1
and B2 are corrected as described below. The correction
section 300D produces the shift amounts ASc., ASP of the
luminance levels of the blue subpixels B1, B2.

[0246] First, the addition section 310B is used to obtain the
average of the grayscale level B1 and the grayscale level B2.
In the description below, the average of the grayscale levels
B1 and B2 is referred to as “average grayscale level B, 7.
[0247] Thegrayscale difference level section 320 generates
two grayscale difference levels ABa, ABf} from one average
grayscale level B,,.. The average grayscale level B, and the
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grayscale difference levels ABa, ABf have a predetermined
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relationship. The grayscale difference level ABa. corresponds
to the brighter blue subpixel. The grayscale difference level
ABp corresponds to the darker blue subpixel.

[0248] When the average grayscale level B, is a low gray-
scale level, the grayscale difference levels ABa and ABf are
approximately zero. When the average grayscale level B, is
a middle grayscale level, the grayscale difference level ABa
and the grayscale difference level ABf are relatively high.
Note that these grayscale difference levels ABa, ABf are not
directly associated with the grayscale levels B1, B2 repre-
sented by the input signal. The grayscale difference level
section 320 may refer to a lookup table for average grayscale
level B, to determine the grayscale difference levels ABa,
ABp. Alternatively, the grayscale difference level section 320
may have data about the grayscale levels corresponding to the
brighter blue subpixel and the darker blue subpixel to calcu-
late the difference from the average grayscale level B,,,,.
Alternatively, the grayscale difference level section 320 may
perform a predetermined operation to determine the gray-
scale difference levels ABa., ABf based on the average gray-
scale level B, . Then, the grayscale-luminance conversion
section 330 converts the grayscale difference level ABatothe
luminance difference level AY zo and the grayscale differ-
ence level ABp to the luminance difference level AY zf.
[0249] A yellow shift is less perceivable as the saturation of
the color of a pixel which is represented by the input signal
increases. On the contrary, a yellow shift is more conspicuous
as the color of a pixel which is represented by the input signal
is closer to an achromatic color. Thus, the degree of a yellow
shift varies depending on the color of a pixel which is repre-
sented by the input signal. The color of a pixel which is
represented by the input signal is reflected in the shift
amounts ASc, ASP as described below.

[0250] The correction section 300D is also supplied with a
three primary color signal which has not yet undergone a
multi-primary color conversion. The addition section 310~ is
used to obtain the average of the grayscale level r1 and the
grayscale level r2. The addition section 310g is used to obtain
the average of the grayscale level gl and the grayscale level
g2. The addition section 3105 is used to obtain the average of
the grayscale level bl and the grayscale level b2. In the
description below, the average of the grayscale levels rl1 and
12 is referred to as “average grayscale level r, 7, the average
of the grayscale levels gl and g2 is referred to as “average
grayscale level g, ., and the average of the grayscale levels
bl and b2 is referred to as “average grayscale level b,
[0251] A saturation determination section 340 determines
the saturation of a pixel which is represented by the input
signal. The saturation determination section 340 utilizes the
average grayscale levelsr,,, g,,., b, to determine the satu-
ration factor HW. The saturation factor HW is a function
which decreases as the saturation increases. In the description
below, where MAX=MAX (r,,.. ... b.,.) and MIN=MIN
(T 0s Eaves Pave)s the saturation factor HW is expressed as, for
example, HW=MIN/MAX. Note that, for the saturation fac-
tor HW, the saturation determination section 340 may gener-
ate R, G,,., Ye,,., C,,. which are the averages of the
grayscale levels R1, R2, G1, G2, Yel, Ye2, Cl1, C2, before it
utilizes R, G, Buver Ye,0er Cope- Inthis case, R, G,
B,., Ye,,.. C_. correspond to the average grayscale levels
which are based on the grayscale levels represented by the
input signal, and therefore, a correction to the blue subpixel is
made indirectly depending on the saturation of the pixel rep-
resented by the input signal. Note that the determination of
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the saturation can be sufficiently performed using the average

grayscalelevelsrt, ., &,,.. b ., S0 that complicated procedure
can be avoided.
[0252] Then, the shift amounts ASa., ASP are obtained. The

shift amount ASc is represented by the product of AY zat and
the saturation factor HW, and the shift amount ASf is repre-
sented by the product of AY ;3 and the saturation factor HW.
The multiplication section 350 multiplies the luminance dif-
ference level AY by the saturation factor HW to obtain the
shift amounts ASa.,, ASP.

[0253] The grayscale-luminance conversion section 360a
performs a grayscale-luminance conversion on the grayscale
level B1 to obtain the luminance level Y, . For example, the
luminance level Y ;, may be obtained according to the follow-
ing formula:

Yz, =B1%2.

[0254] Likewise, the grayscale-luminance conversion sec-
tion 360b performs a grayscale-luminance conversion on the
grayscale level B2 to obtain the luminance level Y z,.

[0255] Then, in the addition/subtraction section 370a, the
luminance level Y, and the shift amount ASc. are added
together, and the luminance-grayscale conversion section
380a performs a luminance-grayscale conversion to obtain a
corrected grayscale level B1'. Meanwhile, in the addition/
subtraction section 3705, the shift amount a.Sp is subtracted
from the luminance level Y,, and the luminance-grayscale
conversion section 3806 performs a luminance-grayscale
conversion to obtain a corrected grayscale level B2'. The
grayscale levels B1', B2' undergo an independent gamma
correction process in the independent gamma correction pro-
cessing section 280 shown in FIG. 29(a) in the same way as
for R1, R2, G1, G2, Yel, Ye2, C1 and C2.

[0256] Based on the thus-obtained grayscale levels Bl',
B2, the blue subpixel Bl exhibits a luminance which is
equivalent to the sum of the luminance level Y, and the shift
amount ASa., and the blue subpixel B2 exhibits a luminance
which is equivalent to the difference between the luminance
level Y, and the shift amount ASf. Note that, as previously
described, in the liquid crystal display panel 200D, a pixel
includes multiple divisional regions. The grayscale level B1'
of the blue subpixel B1 is realized by a brighter region and a
darker region. The grayscale level B2' of the blue subpixel B2
is realized by a brighter region and a darker region. As for the
blue subpixels included in adjacent pixels that are placed side
by side along the row direction and the column direction, even
when all the pixels are at the same achromatic color level in
the input signal, the blue subpixels included in the adjacent
pixels that are placed side by side along the row direction and
the column direction in the liquid crystal display panel 200D
are at different luminance levels, so that brighter blue subpix-
els and darker blue subpixels are arranged in a checkered
pattern.

[0257] Note that, even in the correction section 300D, the
resolution may sometimes deteriorate at an edge portion of
display as previously described with reference to FIG. 13. In
this case, a correction to the grayscale level of the blue sub-
pixels is preferably made with a consideration for the differ-
ence in grayscale level between the blue subpixels included in
adjacent pixels represented by the input signal.

[0258] Hereinafter, the configuration of the correction sec-
tion 300D is described with reference to FIG. 34. The cor-
rection section 300D" has basically the same configuration as
that of the correction section 300D that has been previously
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described with reference to FIG. 33, except that it includes the
edge determination section 390 and the factor calculation
section 395. To avoid redundancy, repetitive descriptionis not
given herein.

[0259] The edge determination section 390 determines the
edge factor HE based on the difference in grayscale level
between the blue subpixels included in adjacent pixels repre-
sented by the multi-primary color signal. The edge factor HE
is a function which increases as the difference in grayscale
level between the blue subpixels included in adjacent pixels
increases. For example, the edge factor HE is expressed as
HE=IB1-B2I/MAX where, for example, MAX=MAX (B1,
B2), and IB1-B2I is the absolute value of the difference in
grayscale level between the blue subpixels represented by the
multi-primary color signal.

[0260] Inthe factor calculation section 395, the correction
factor HC is calculated based on the saturation factor HW and
the edge factor HE which have been previously described.
The correction factor HC is a function which decreases as the
saturation factor HW decreases and which decreases as the
edge factor HE increases. The correction factor HC is
expressed as, for example, HC=HW-HE. In the factor calcu-
lation section 395, clipping may be performed such that the
correction factor HC falls within the range of 0 to 1. Then, the
multiplication section 350 generates the shift amounts ASa,
ASf using the correction factor HC instead of the saturation
factor HW. Thus, the corrected grayscale levels B1', B2' may
be obtained with consideration for the edge factor HE.
[0261] Note that, although in the graph shown in FIG. 31(a)
WZ is different from WX and WY not only at around gray-
scale level 0.5 but also at around grayscale level 0.9, the
difference between the corrected grayscale levels cannot be
increased at around grayscale level 0.9 because the grayscale
level is high even when a correction is made to the grayscale
level of the blue subpixels. Thus, it is difficult to reduce the
yellow shift.

[0262] FIG. 35(a) shows the change of the luminance level
of the blue subpixels with respect to the change of the gray-
scale level in the liquid crystal display device 100D of the
present embodiment. In FIG. 35(a), Y, represents the
change of the luminance level of the brighter blue subpixel
with respect to the average grayscale level B, and Y,
represents the change of the luminance level of the darker
blue subpixel with respect to the average grayscale level B,
Note that, in FIG. 35(a), the dotted line represents the change
with respect to the average grayscale level B,,..

[0263] Asseen from FIG. 35(a), at low grayscale levels and
high grayscale levels, the luminance level Y. of the blue
subpixel is generally equal to the luminance level Y, of the
darker blue subpixel. However, at the middle grayscale levels,
the luminance level Y, of the brighter blue subpixel is higher
than the luminance level Y z,. of the darker blue subpixel.
[0264] FIG. 35() shows the change of the Z value ofa pixel
and the components of the respective subpixels of the pixel
for the oblique viewing direction with respect to the change of
the grayscale level in the liquid crystal display device 100D of
the present embodiment. In FIG. 35(0), R, G, B, Ye and C
represent the Z value components of the respective subpixels,
and WZ represents the Z value of the pixel. For the sake of
comparison, FIG. 35(5) also shows the Z value and the Z
value components of the respective subpixels in the liquid
crystal display device of Comparative Example 3 which are
shown in FIG. 31(a). In FIG. 35(b), solid circles indicate the
calorimetric values of the blue subpixels for the luminance
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level Yy, and the luminance level Yy, corresponding to a
certain average grayscale level B, and the corresponding
values of the liquid crystal display device 100D. In this case,
the total calorimetric value of the blue subpixels is on a line
segment extending between the solid circles corresponding to
the luminance level Y, and the luminance level Y,.. Thus,
in the liquid crystal display device 100D of the present
embodiment, the luminance levels of the blue subpixels are
the luminance levels Y., Y., and therefore, the 7 value
component of the blue subpixels for the oblique viewing
direction can be high as compared with the liquid crystal
display device of Comparative Example 3. Note that the aver-
age value of the luminances for the front viewing direction at
the luminance levels Y, Yy, is equal to the luminance
corresponding to the average grayscale level B, .

[0265] FIG.36 and FIG. 37 show the change of the X value,
the Y value and the Z value for the oblique viewing direction
with respect to the front grayscale in the liquid crystal display
device of Comparative Example 3 and the liquid crystal dis-
play device 100D of the present embodiment. FIG. 36(a) and
FIG. 37(a) show the change of the values in the liquid crystal
display device of Comparative Example 3. FIG. 37(a) is an
enlarged diagram showing part of the graph of FIG. 36(a) in
the range of the middle grayscale levels. F1G. 36(5) and FIG.
37(b) show the change of the values in the liquid crystal
display device 100D of the present embodiment. FIG. 37(5) is
an enlarged diagram showing part of the graph of FIG. 36(b)
in the range of the middle grayscale levels.

[0266] As seen from FIG. 36(@) and FIG. 37(a), in the
liquid crystal display device of Comparative Example 3, the 7
value deviates from the X value and the Y value at around
grayscale level 0.5. Therefore, a yellow shift occurs in the
liquid crystal display device of Comparative Example 3.
[0267] On the other hand, in the liquid crystal display
device 100D of the present embodiment, as seen from FIG.
36(b) and FIG. 37(b), the 7 value changes in the same way as
the X value and the Y value even at around grayscale level 0.5,
so that deviation is prevented. Thus, occurrence of a yellow
shift is prevented in the liquid crystal display device 100D.
[0268] As described above, in the liquid crystal display
device 100D, the blue subpixels of the two adjacent pixels
have different grayscale-luminance characteristics (i.e., dif-
ferent gamma characteristics). In this case, strictly speaking,
although the colors displayed by the two adjacent pixels are
supposed to look different, a human eye will perceive the
average of the colors displayed by the two adjacent pixels if
the resolution of the display device 100D is sufficiently high.
Thus, not only the X value, theY value and the Z value for the
front viewing direction exhibit equal grayscale-luminance
characteristics but also the X value, the Y value and the Z
value for the oblique viewing direction exhibit equal gray-
scale-luminance characteristics. Thus, occurrence ofa yellow
shift is prevented without substantially changing the display
quality for the front viewing direction, so that the display
quality for the oblique viewing direction can be improved.
[0269] Although not shown, in the liquid crystal display
device of Comparative Example 3, a component which is
equivalent to the independent gamma correction processing
section 280 performs only an independent gamma correction
process on every one of all the grayscale levels R, G, B, Yeand
C, unlike the liquid crystal display device 100D of the present
embodiment. On the other hand, the liquid crystal display
device 100D of the present embodiment includes the correc-
tion section 300D for producing the corrected grayscale lev-
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els B1', B2' from the grayscale levels B1, B2. Thereby, a
deviation of the Z value from the X value and the Y value for
the oblique viewing direction is prevented. Thus, the liquid
crystal display device 100D includes the correction section
300D so that prevention of the yellow shift can be realized at
low cost.

[0270] Note that, herein, the yellow shift is prevented by
adjusting the luminance of the blue subpixel, although, in the
case of using a multi-primary color display panel, the yellow
shift can be prevented by adjusting the luminance of any other
subpixel in theory. However, in the liquid crystal display
panel 200D where only the 7 value changes differently from
the X value and the Y value for the oblique viewing direction,
making a correction to the blue subpixel is very effective
because the correction to the blue subpixel greatly affects the
7 value but scarcely affects the X value and theY value. Inthe
multi-primary color display panel, there are a larger number
of primary colors, and therefore, it is possible to equalize the
XYZ values for the oblique viewing direction. On the other
hand, it is preferred that the luminance of each subpixel is
increased as monotonically as possible as the lightness of the
achromatic color increases. Considering only equalizing the
XYZ values for the oblique viewing direction, the respective
subpixels change in a very complicated and unequal fashion
according to the lightness of the achromatic color as shown in
FIG. 38. For example, it cannot flexibly apply itself to varia-
tions specific to the liquid crystal display panel. On the other
hand, in the liquid crystal display device 100D of the present
embodiment, an adjustment of the luminance of the blue
subpixels is performed by the unit of blue subpixels included
in adjacent pixels. Thereby, the respective primary colors are
monotonically changed basically according to the grayscale
level, so that it can display the achromatic color.

[0271] Itis known that the resolution of the human eye for
blue is lower than for the other colors. Particularly, when
subpixels other than the blue subpixel are lit as in the case of
an achromatic color at a middle grayscale level, the decrease
of the resolution of the blue subpixel is less perceivable. As
appreciated from this fact, making a correction to the gray-
scale level of the blue subpixel is more effective than making
a correction to the grayscale level of any other subpixel.

[0272] Aspreviouslydescribed, in the liquid crystal display
panel 200D, each pixel includes two red subpixels Rx, Ry.
Hereinafter, the advantages of a configuration where each
pixel includes two red subpixels are described. As the number
of primary colors used for display is increased, the number of
subpixels included in one pixel increases. Accordingly, the
area of each subpixel decreases, so that the lightness of the
color displayed by each subpixel (corresponding to the Y
value in the XYZ color space) decreases. For example, when
the number of primary colors for use in display is increased
from three to six, the area of each subpixel is generally halved,
so that the lightness (Y value) of each subpixel is also gener-
ally halved. The “lightness™ is one of the three factors that
define a color, along with “hue” and “saturation”. By increas-
ing the number of primary colors, the color gamut over the xy
chromaticity diagram (i.e., the ranges of the “hue” and “satu-
ration” which can be expressed) is increased. However, as the
“lightness” is decreased, the actual color gamut (i.e., the color
gamut including “lightness”) cannot be sufficiently
increased. Specifically, as the area of the red subpixel is
decreased, the Y value for red decreases, so that only dark red
can be displayed. Thus, a red color of the object colors cannot
be sufficiently expressed.
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[0273] On the other hand, in the multi-primary color dis-
play panel 200D of the display device 100D of the present
embodiment, two out of the six types of subpixels (first red
subpixel Rx and second red subpixel Ry) display red colors.
Therefore, the lightness (Y value) of red can be improved, and
a bright red color can be displayed. Thus, the color gamut
which includes not only the hue and saturation represented on
the xy chromaticity diagram but also the lightness can be
expanded. Note that, although a magenta subpixel is not
provided in the multi-primary color display panel 200D, a
magenta color of the object colors can be sufficiently
expressed by additive color mixture with the use of the first
and second red subpixels Rx, Ry and the blue subpixel B.
[0274] FIG. 39 is the xy chromaticity diagram of the XYZ
color space. FIG. 39 shows the spectrum locus and the domi-
nant wavelength. In this specification, the dominant wave-
length of the red subpixel is from 605 nm to 635 nm. The
dominant wavelength of the yellow subpixel is from 565 nm
to 580 nm. The dominant wavelength of the green subpixel is
from 520 nm to 550 nm. The dominant wavelength ofthe cyan
subpixelis from 475 nm to 500 nm. The dominant wavelength
of the blue subpixel is not more than 470 nm. The auxiliary
dominant wavelength of the magenta subpixel is from 495 nm
to 565 nm.

[0275] In the above description, the input signal is compli-
ant with the BT.709 standards, and the grayscale levels r, g
and b which are represented by the input signal (or which are
convertible from the values of the input signal) are within the
range of, for example, 0 to 255, although the present invention
is not limited to this example. In the case of an input signal
which is compliant with the xvYCC standards, for example,
the values that the input signal can have are not defined. In this
case, the values that the luminance level of each subpixel in a
three primary color display device canhave may be arbitrarily
determined to be within the range of -0.05 to 1.33, for
example, and the grayscale levelsr, g and b may be arbitrarily
determined to have a grayscale range consisting of 355 gray-
scale levels from grayscale level =65 to grayscale level 290. In
this case, ifany of the grayscale levels r, g and b has a negative
value, the multi-primary color display panel 200D can
express colors which are out of the range of colors that can be
expressed when the grayscale levels r, g and b are within the
range of 0 to 255.

[0276] In the above description, the subpixels included in
the same pixel are arranged in one line along the row direc-
tion, although the present invention is not limited to this
example. The subpixels included in the same pixel may be
arranged in one line along the row direction and the column
direction. Alternatively, the subpixels included in the same
pixel may be arranged in multiple rows and multiple columns.
For example, the subpixels included in one pixel may be
arranged in two rows.

[0277] The viewing angle dependence of the gamma char-
acteristic, 1.e., the difference between the gamma character-
istic obtained when the display surface is viewed from the
front viewing direction and the gamma characteristic
obtained when the display surface is viewed from the oblique
viewing direction, can be reduced by independently control-
ling the luminance values of the red subpixels R1, R2. As the
technique of reducing the viewing angle dependence of the
gamma characteristic, a technique called “multi-pixel driv-
ing” is proposed in Japanese Laid-Open Patent Publications
Nos. 2004-62146 and 2004-78157. In this technique, one
subpixel is divided into two divisional regions, and different
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voltages are applied to the divisional regions, whereby the
viewing angle dependence of the gamma characteristic is
reduced. When employing a configuration where the first red
subpixel Rx and the second red subpixel Ry are controlled
independently of each other, as a matter of course, different
voltages can be applied across the liquid crystal layer of the
first red subpixel Rx and the liquid crystal layer of the second
red subpixel Ry. Thus, the effect of reducing the viewing
angle dependence of the gamma characteristic can be
obtained as in the case of the multi-pixel driving disclosed in
Japanese Laid-Open Patent Publications Nos. 2004-62146
and 2004-78157.

[0278] In the above description, the first red, green, blue,
yellow, cyan and second red subpixels included in one pixel
are arranged in this order along the row direction, although
the present invention is not limited to this example. The
subpixels may be arranged in the order of the first red, green,
blue, yellow, second red and cyan subpixels.

[0279] Intheabove description, each pixel includes two red
subpixels, although the present invention is not limited to this
example. The pixel may include a magenta subpixel in place
of one of the red subpixels. For example, the pixel may
include red, green, blue, yellow, cyan and magenta subpixels.
The red, green, blue, yellow, cyan and magenta subpixels
included in one pixel may be arranged in this order along the
row direction.

[0280] Inthe above description, as for subpixels included in
two adjacent pixels that are placed side by side along the
column direction, subpixels of the same color are arranged
along the column direction, although the present invention is
not limited to this example.

[0281] FIG. 40(a) is a schematic diagram of a multi-pri-
mary color display panel 200D1 of a liquid crystal display
device 100D1. Each subpixel includes divisional regions
which can have different luminances as in the multi-primary
color display panel 200D that has been previously described
with reference to FIG. 29(b). Here, the divisional regions are
not shown in the drawing.

[0282] In the multi-primary color display panel 200D1,
each pixel includes red (R), green (G), blue (B), yellow (Ye),
cyan (C) and magenta (M) subpixels. In one row, the red,
green, magenta, cyan, blue and yellow subpixels included in
one pixel are arranged in this order along the row direction. In
the immediately subsequent row. the cyan, blue, yellow, red,
green and magenta subpixels included in different pixels are
arranged in this order along the row direction. In the multi-
primary color display panel 200D1, as for the subpixel
arrangement in two adjacent rows, the subpixels in one of the
rows are positioned with a shift of three subpixels relative to
the subpixels in the other row. As for the subpixel arrange-
ment along the column direction, the red subpixels and the
cyan subpixels are alternately arranged, the green subpixels
and the blue subpixels are alternately arranged, and the
magenta subpixels and the yellow subpixels are alternately
arranged.

[0283] In the liquid crystal display device 100D1, an
adjustment of the luminance of the blue subpixels is per-
formed by the unit of blue subpixels included in two adjacent
pixels that are placed side by side along the column direction.
FIG. 40(b) schematically shows the multi-primary color dis-
play panel 200D1 in the case where all the pixels in the input
signal exhibit an achromatic color at the same grayscale level.
In FIG. 40(b), two blue subpixels whose luminances are to be
corrected are indicated by arrows. In FIG. 40(5), non-hatched
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blue subpixels are brighter blue subpixels, while hatched blue
subpixels are darker blue subpixels. In the liquid crystal dis-
play device 100D1, an adjustment of the luminance is per-
formed by the unit of blue subpixels included in two adjacent
pixels that are placed side by side along the column direction,
such that the brighter blue subpixels are arranged along the
row direction. Therefore, nonuniform distribution of the
brighter blue subpixels can be prevented, and accordingly,
substantial decrease in blue resolution can be prevented.
[0284] In the multi-primary color display panel 200D1
shown in FIG. 40, the subpixels included in one pixel are
arranged in one row, although the present invention is not
limited to this example. The subpixels included in one pixel
may be arranged in a plurality of rows.

[0285] FIG. 41(a) is a schematic diagram of a multi-pri-
mary color display panel 200D2 of a liquid crystal display
device 100D2. In the multi-primary color display panel
200D2, the subpixels included in one pixel are arranged in
two rows and three columns. The red, green and blue subpix-
els included in one pixel are arranged in a row in this order
along the row direction, and the cyan, magenta and yellow
subpixels included in the same pixel are arranged in the
immediately subsequent row in this order along the row direc-
tion. As for the subpixel arrangement along the column direc-
tion, the red subpixels and the cyan subpixels are alternately
arranged, the green subpixels and the magenta subpixels are
alternately arranged, and the blue subpixels and the yellow
subpixels are alternately arranged. As shown in FIG. 41(3), in
the liquid crystal display device 100D2, an adjustment of the
luminance is performed by the unit of blue subpixels included
in two adjacent pixels that are placed side by side along the
row direction, such that the brighter blue subpixels and the
darker blue subpixels are alternately arranged along the row
direction. Therefore, nonuniform distribution of the brighter
blue subpixels can be prevented, and accordingly, substantial
decrease in blue resolution can be prevented.

[0286] The subpixel arrangement along the column direc-
tion in the multi-primary color display panel 200D2 is not
limited to the arrangement shown in FIG. 41. The subpixel
arrangement along the column direction may be such that the
red subpixels and the yellow subpixels are alternately
arranged, the green subpixels and the magenta subpixels are
alternately arranged, and the blue subpixels and the cyan
subpixels are alternately arranged. The magenta subpixel
may be replaced by another red subpixel.

[0287] In the above-described multi-primary color display
panels 200D, 200D1, 200D2, the number of subpixels
included in one pixel is six, although the present invention is
not limited to this example. In a multi-primary color display
panel, the number of subpixels included in one pixel may be
four.

[0288] FIG. 42(a) is a schematic diagram of a multi-pri-
mary color display panel 200D3 of a liquid crystal display
device 100D3. In the multi-primary color display panel
200D3, each pixel includes red (R), green (G), blue (B) and
yellow (Ye) subpixels. The red, green, blue and yellow sub-
pixels are arranged in this order along the row direction.
[0289] Also, subpixels of the same color are arranged along
the column direction. As shown in FIG. 42(b), in the liquid
crystal display device 100D3, an adjustment of the luminance
is performed by the unit of two blue subpixels included in two
adjacent pixels that are placed side by side along the row
direction, such that the brighter blue subpixels are diagonally
aligned. Therefore, nonuniform distribution of the brighter
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blue subpixels can be prevented, and accordingly, substantial
decrease in blue resolution can be prevented.

[0290] In the multi-primary color display panel 200D3
shown in FIG. 42, each pixel includes the red, green, blue and
yellow subpixels, although the present invention is not lim-
ited to this example. The pixel may include a white subpixel
in place of the yellow subpixel. The red, green, blue and white
subpixels may be arranged in this order along the row direc-
tion.

[0291] In the multi-primary color display panel 200D3
shown in FIG. 42, subpixels of the same color are arranged
along the column direction, although the present invention is
not limited to this example. Subpixels of different colors may
be arranged along the column direction.

[0292] FIG. 43(a) is a schematic diagram of a multi-pri-
mary color display panel 200D4 of a liquid crystal display
device 100D4. In the multi-primary color display panel
200D4, the red, green, blue and yellow subpixels included in
one pixel are arranged in a certain row in this order along the
row direction, while the blue, yellow, red and green subpixels
included in another pixel are arranged in a subsequently adja-
cent row in this order along the row direction. As for the
subpixel arrangement of two adjacent rows, the subpixels in
one of the rows are positioned with a shift of two subpixels
relative to the subpixels in the other row. As for the subpixel
arrangement along the column direction, the red subpixels
and the blue subpixels are alternately arranged, and the green
subpixels and the yellow subpixels are alternately arranged.
[0293] Inthe case where an adjustment of the luminance is
performed by the unit of blue subpixels included in two
adjacent pixels that are placed side by side along the row
direction, such that the brighter blue subpixels are diagonally
aligned, some of the blue subpixels that are spatially closest to
one brighter blue subpixel, for example, are brighter blue
subpixels so that the brighter blue subpixels result in a non-
uniform distribution. As shown in FIG. 43()), even in the case
where an adjustment of the luminance is performed by the
unit of blue subpixels included in two adjacent pixels that are
placed side by side along the row direction, such that brighter
blue subpixels are included in adjacent pixels that are placed
side by side along the column direction, the brighter blue
subpixels result in a nonuniform distribution. On the other
hand, as shown in FIG. 43(c¢), in the case where an adjustment
of the luminance is performed by the unit of blue subpixels
included in two adjacent pixels that are placed side by side
along the column direction, such that the brighter blue sub-
pixels are arranged along the row direction, nonuniform dis-
tribution of the brighter blue subpixels is prevented, so that
substantial decrease in blue resolution is prevented.

[0294] In the multi-primary color display panels 200D3,
200D4 shown in FIG. 42 and FIG. 43, the subpixels included
in one pixel are arranged in one row, although the present
invention is not limited to this example. The subpixels
included in one pixel may be arranged in a plurality of rows.
[0295] FIG. 44(a) is a schematic diagram of a multi-pri-
mary color display panel 200D5 of a liquid crystal display
device 100D5. In the multi-primary color display panel
200D5, the subpixels included in one pixel are arranged in
two rows and two columns. The red and green subpixels
included in one pixel are arranged in a certain row in this order
along the row direction, and the blue and yellow subpixels
included in the same pixel are arranged in an adjacent row in
this order along the row direction. As for the subpixel arrange-
ment along the column direction, the red subpixels and the
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blue subpixel are alternately arranged, and the green subpix-
els and the yellow subpixel are alternately arranged. As
shown in FIG. 44(5), in the liquid crystal display device
100D5, an adjustment of the luminance is performed by the
unit of two blue subpixels included in two adjacent pixels that
are placed side by side along the row direction, such that
brighter blue subpixels are diagonally arranged. Thus, non-
uniform distribution of the brighter blue subpixels is pre-
vented, so that substantial decrease of the blue resolution can
be prevented.

[0296] In the multi-primary color display panel 200D5
shown in FIG. 44, each pixel includes red, green, blue and
yellow subpixels, although the present invention is not lim-
ited to this example. The pixel may include a white subpixel
in place of the yellow subpixel.

[0297] Inthe above description, it is assumed that the input
signalis a YCrCb signal which is commonly used as the color
television signal. However, the input signal is not limited to
the YCrCb signal but may be a signal which represents the
luminances of the respective subpixels of three primary col-
ors of RGB. It may be a signal which represents the lumi-
nances of the respective subpixels of other three primary
colors, such as YeMC (Ye: yellow, M: magenta, C: cyan).
[0298] In the liquid crystal display panel 200D shown in
FIG. 29(b), each of the subpixels R1, G, B, Ye, C and R2
includes two divisional regions, although the present inven-
tion is not limited to this example. Each of the subpixels R1,
G, B, Ye, C and R2 may include three or more divisional
regions.

[0299] Alternatively, each of the subpixels R1, G, B, Ye, C
and R2 may not include multiple divisional regions. For
example, as shown in FIG. 45, each of the subpixels R1, G, B,
Ye, C and R2 in the liquid crystal display panel 200D' may be
formed by a single region.

Embodiment 5

[0300] In the fourth embodiment, an adjustment of the
luminance of the blue subpixels is performed by the unit of
blue subpixels included in adjacent pixels, although the
present invention is not limited to this example.

[0301] Hereinafter, the fifth embodiment of the liquid crys-
tal display device of the present invention is described with
reference to FIG. 46 and FIG. 47. The liquid crystal display
device 100E of the present embodiment has the same con-
figuration as that of the above-described display device of
embodiment 4 except that an adjustment of the luminance of
the blue subpixels is performed by the unit of blue subpixels
of different frames. To avoid redundancy, repetitive descrip-
tion is not given herein.

[0302] First, the general structure of the liquid crystal dis-
play device 100E of the present embodiment is described with
reference to FIG. 46. FIG. 46 only shows the blue subpixels of
the liquid crystal display panel 200D of the liquid crystal
display device 100E, while the first red, green, yellow, cyan
and second red subpixels are not shown.

[0303] Inthe liquid crystal display device 100E, an adjust-
ment of the luminance of each blue subpixel is performed by
the unit of blue subpixels of two consecutive frames. Where,
in the multi-primary color signal, the grayscale level of the
blue subpixel B in the preceding frame (e.g., the 2N-1%
frame) is grayscale level B1 and the grayscalelevel of the blue
subpixel B in the subsequent frame (e.g., the 2N™ frame) is
grayscale level B2, the luminance of the blue subpixel B in the
preceding frame in the liquid crystal display panel 200D is
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different from the luminance of the same blue subpixel B in
the subsequent frame even when the middle grayscale level of
each pixel represented by the input signal does not change
(i.e., even when the grayscale level B1 is equal to the gray-
scale level B2) over multiple frames.

[0304] As forthe blue subpixels included in adjacent pixels
in a certain frame, even when all the pixels are at the same
achromatic color level in the input signal, the blue subpixels
included in adjacent pixels that are placed side by side along
the row direction and the column direction in the liquid crys-
tal display panel 200D are at different luminance levels, so
that brighter blue subpixels and darker blue subpixels are
arranged in a checkered pattern.

[0305] FIG. 47 is a schematic diagram of a correction sec-
tion 300E in the liquid crystal display device 100E of the
present embodiment. In the correction section 300E, at least
under certain conditions, a correction is made to the grayscale
level B1 of the preceding frame to obtain the grayscale level
B1', and a correction is made to the grayscale level B2 of the
subsequent frame to obtain the grayscale level B2".

[0306] The grayscale levels B1', B2' output from the cor-
rection section 300E vary among frames. As for the blue
subpixel B of one pixel. the blue subpixel B exhibits the
luminance corresponding to the grayscale level Bl' in the
immediately preceding frame (e.g., the 2N-17 frame), and
the blue subpixel B exhibits the luminance corresponding to
the grayscale level B2 in the subsequent frame (e.g., the 2N
frame). For example. in the case where an achromatic color at
the same middle grayscale level is displayed over multiple
frames at the frame frequency of 60 Hz, the luminance of the
blue subpixel changes every 16.7 ms (=%o second). Thus,
when an adjustment of the luminance of the blue subpixels is
performed by the unit of blue subpixels of different frames,
the yellow shift can be reduced without decreasing the reso-
lution. Note that, in this case, from the viewpoint of the
response speed of the liquid crystal molecules, it is preferred
that the frame period is relatively long.

Embodiment 6

[0307] Hereinafter, the sixth embodiment of the liquid
crystal display device of the present invention is described.
FIG. 48(a) is a schematic diagram of a liquid crystal display
device 100F of the present embodiment. The liquid crystal
display device 100F of the present embodiment has the same
configuration as that of the above-described display device of
embodiment 4 except that an adjustment of the luminance of
the blue subpixels is performed by the unit of multiple divi-
sional regions of the blue subpixel. To avoid redundancy,
repetitive description is not given herein.

[0308] FIG. 48(5) shows pixels of a multi-primary color
display panel 200F of a liquid crystal display device 100F of
the present embodiment. Each pixel includes the red subpixel
R, the green subpixel G, the first blue subpixel B1, the yellow
subpixel Ye, the cyan subpixel C and the second blue subpixel
B2.

[0309] Next, the general structure of the liquid crystal dis-
play device 100F of the present embodiment is described with
reference to FIG. 49. FIG. 49 only shows the blue subpixels of
the liquid crystal display panel 200F of the liquid crystal
display device 100F, while the red and green subpixels are not
shown. In the liquid crystal display device 100F, an adjust-
ment of the luminance of the blue subpixels is performed by
the unit of two blue subpixels B1, B2 included in one pixel.
Therefore, when the grayscale level of the blue subpixels
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included in one pixel represented by the input signal is the
grayscale level B, the luminance of the first blue subpixel B1
is different from the luminance of the second blue subpixel
B2 in the liquid crystal display panel 200F. Note that, in the
case where the first blue subpixels and the second blue sub-
pixels included in adjacent pixels that are placed side by side
along the column direction are arranged in a line along the
column direction, for example, the luminance of the first blue
subpixelincluded in a pixel of an odd-numbered row is higher
than the luminance of the second blue subpixel included in the
same pixel while the luminance of the first blue subpixel
included in a pixel of an even-numbered row is lower than the
luminance of the second blue subpixel included in the same
pixel.

[0310] FIG. 50 is a schematic diagram of the correction
section 300F of the liquid crystal display device 100F. In the
correction section 300F, the luminance level Yz obtained in a
grayscale-luminance conversion section 360 is equal to the
luminance level Y, and the luminance level Y ;,. Therefore,
the luminance levels Y,, and Y,, are equal to each other
before the operations in the addition/subtraction sections
370a,370b. The grayscale level B1' obtained in the correction
section 300F corresponds to the first blue subpixel B1, and the
grayscale level B2' corresponds to the second blue subpixel
B2.

[0311] Note that, in the liquid crystal display panel 200F
shown in FIG. 48(b), each of the subpixels R, G, B1,Ye, Cand
B2 includes two divisional regions, although the present
invention is not limited to this example. Each of the subpixels
R, G, B1, Ye, C and B2 may include three or more divisional
regions. Alternatively, each of the subpixels R, G, B1, Ye, C
and B2 may not include multiple divisional regions. For
example, each of the subpixels R, G, B1, Ye, C and B2 may be
formed by a single region.

[0312] Each pixel includes only one red subpixel, although
the present invention is not limited to this example. Each pixel
may include two red subpixels. In the above description, each
pixel includes two blue subpixels, although the present inven-
tion is not limited to this example. As shown in FIG. 51(a),
each pixel may include one blue subpixel B that includes a
first region Ba corresponding to the grayscale level B1'and a
second region Bb corresponding to the grayscale level B2'.
FIG. 51(b) shows the structure of the blue subpixel B. A
separate electrode 224a which corresponds to the first region
Ba ofthe blue subpixel B and a separate electrode 2245 which
corresponds to the second region Bb are electrically coupled
to different source lines via different TFTs.

[0313] In the above description, each pixel includes six
subpixels, although the present invention is not limited to this
example. The number of subpixels included in each pixel may
be four or may be five. For example, when the number of
subpixels included in each pixel is four, each pixel may
include red, green, blue and yellow subpixels. Alternatively,
when the number of subpixels included in each pixel is five,
each pixel may include red, green, blue, yellow and cyan
subpixels.

[0314] Thepresentapplication claims the priority benefit of
Japanese Patent Applications Nos. 2008-315067 and 2009-
96522, the disclosures of which are incorporated herein by
reference.

INDUSTRIAL APPLICABILITY

[0315] According to the present invention, a liquid crystal
display device can be provided in which deterioration of the
display quality for oblique viewing directions is prevented.
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REFERENCE SIGNS LIST

[0316] 100 liquid crystal display device

[0317] 200 liquid crystal display panel

[0318] 280 independent gamma correction processing
section

[0319] 300 correction section

[0320] 400 multi-primary color conversion section

1. A liquid crystal display device, comprising: an active
matrix substrate; a counter substrate; and a vertical alignment
type liquid crystal layer interposed between the active matrix
substrate and the counter substrate,

wherein the display device has a plurality of pixels, each of

the pixels including a plurality of subpixels,

the plurality of subpixels include a red subpixel, a green

subpixel, and a blue subpixel, and

when, in an input signal, each of adjacent two of the plu-

rality of pixels represents an achromatic color at a cer-
tain grayscale level, a luminance of the blue subpixel
included in one of the two adjacent pixels is different
from a luminance of the blue subpixel included in the
other of the two adjacent pixels.

2. The liquid crystal display device of claim 1, wherein
when, in an input signal, each of the two adjacent pixels
represents an achromatic color at the certain grayscale level,
the red subpixels included in the two adjacent pixels have
equal luminances, and the green subpixels included in the two
adjacent pixels have equal luminances.

3. The liquid crystal display device of claim 1 wherein,
when at least one of the red subpixels and the green subpixels
of the two adjacent pixels is unlit while at least one of the blue
subpixels of the two adjacent pixels is lit, the blue subpixels
included in the two adjacent pixels have equal luminances.

4. The liquid crystal display device of claim 1, wherein

the input signal or a signal converted from the input signal

represents a grayscale level of the plurality of subpixels
included in each of the plurality of pixels, and

a grayscale level of the blue subpixels included in the two

adjacent pixels which is represented by the input signal
or the signal converted from the input signal is corrected
according to a saturation of the two adjacent pixels
which is represented by the input signal.

5. The liquid crystal display device of claim 1, wherein

the input signal or a signal converted from the input signal

represents a grayscale level of the plurality of subpixels
included in each of the plurality of pixels, and

a grayscale level of the blue subpixels included in the two

adjacent pixels which is represented by the input signal
or the signal converted from the input signal is corrected
according to a saturation of the two adjacent pixels
which is represented by the input signal and a difference
in grayscale level between the blue subpixels included in
the two adjacent pixels which is represented by the input
signal.

6. The liquid crystal display device of claim 1, wherein

when, in an input signal, one of the two adjacent pixels

represents a first achromatic color and the other of the
two adjacent pixels represents the first achromatic color
or a second achromatic color which has a different light-
ness from that of the first achromatic color, a luminance
of each of the blue subpixels included in the two adjacent
pixels is different from a luminance which corresponds
to a grayscale level represented by the input signal or a
signal converted from the input signal, and
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when, in an input signal, one of the two adjacent pixels
represents the first achromatic color and the other of the
two adjacent pixels represents a third achromatic color,
a difference in lightness between third achromatic color
and the first achromatic color being greater than a dif-
ference in lightness between the second achromatic
color and the first achromatic color, a luminance of each
of the blue subpixels included in the two adjacent pixels
is generally equal to a luminance which corresponds to a
grayscale level represented by the input signal or a signal
converted from the input signal.

7. A liquid crystal display device, comprising: an active
matrix substrate; a counter substrate; and a vertical alignment
type liquid crystal layer interposed between the active matrix
substrate and the counter substrate,

wherein the display device has a pixel which includes a

plurality of subpixels,

the plurality of subpixels include a red subpixel, a green

subpixel, and a blue subpixel, and

when, in an input signal, the pixel represents an achromatic

color at a certain grayscale level over multiple frames, a
luminance of the blue subpixel in one of the frames is
different from a luminance of the blue subpixel in an
immediately preceding frame.

8. The liquid crystal display device of claim 7, wherein
when the pixel displays the achromatic color at the certain
grayscale level over multiple frames, a luminance of the red
subpixelin the one of the frames is equal to a luminance of the
red subpixel in the immediately preceding frame, and a lumi-
nance of the green subpixel in the one of the frames is equal
to a luminance of the green subpixel in the immediately
preceding frame.

9. The liquid crystal display device of claim 7, wherein
when at least one of the red subpixels and the green subpixels
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of the pixel in the one frame and the immediately preceding
frame is unlit while the blue subpixel of the pixel is lit in at
least one of the one frame and the immediately preceding
frame, a luminance of the blue subpixel in the one frame is
equal to a luminance of the blue subpixel in the immediately
preceding frame.

10. A liquid crystal display device, comprising: an active
matrix substrate; a counter substrate; and a vertical alignment
type liquid crystal layer interposed between the active matrix
substrate and the counter substrate,

wherein the display device has a pixel which includes a

plurality of subpixels,

the plurality of subpixels include a red subpixel, a green

subpixel, a first blue subpixel, and a second blue sub-
pixel, and

when the pixel displays an achromatic color at a certain

grayscale level, a luminance of the first blue subpixel is
different from a luminance of the second blue subpixel.

11. The liquid crystal display device of claim 10, wherein
when at least one of the red subpixel and the green subpixel of
the pixel is unlit while at least one of the first blue subpixel
and the second blue subpixel of the pixel is lit, a luminance of
the first blue subpixel is equal to a luminance of the second
blue subpixel.

12. The liquid crystal display device of claim 1, wherein
the plurality of subpixels further include a yellow subpixel.

13. The liquid crystal display device of claim 1, wherein
the plurality of subpixels further include a cyan subpixel.

14. The liquid crystal display device of claim 1, wherein
the plurality of subpixels further include a magenta subpixel.

15. The liquid crystal display device of claim 1, wherein
the plurality of subpixels further include another red subpixel
which is different from the aforesaid red subpixel.

LI T T
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