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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device, and more specifically, to a liquid crystal display
device that includes a backlight.

[0003] 2. Description of the Related Art

[0004] Color display devices such as color television sets
and color monitors usually express colors by additive color
mixing of primary colors, R, G, and B (red, green, and blue).
In color liquid crystal display devices, each pixel has a red
sub-pixel, a green sub-pixel, and a blue sub-pixel which cor-
respond to the primary colors R, G, and B, respectively. The
luminances of the red, green, and blue sub-pixels are varied to
express a diversity of colors. The red, green, and blue sub-
pixels are realized by forming three sub-pixel regions within
a single pixel region in a color filter.

[0005] Backlights in conventional liquid crystal display
devices have a spectrum as the one illustrated in FIG. 31, and
color filter elements which correspond to sub-pixels in con-
ventional liquid crystal display devices have transmittances
such as the ones illustrated in FIG. 32. In FIG. 32, R, G, and
B represent, respectively, transmittances at which color filter
elements of red, green, and blue sub-pixels transmit light of
varying wavelengths. Liquid crystal display devices display
an image (or the like) using light of a given spectrum that is
emitted from a backlight, modulated in sub-pixels, and passes
through a color filter.

[0006] FIG. 33 schematically illustrates a gamut of repro-
ducible colors in a conventional liquid crystal display device.
InFIG. 33, R, G, B, Ye, C, M, and W represent, respectively,
red, green, blue, yellow, cyan, magenta, and white displayed
by a pixel. Red, green, and blue correspond to sub-pixels of
the liquid crystal display device and are also called primary
colors. Yellow, cyan, and magenta are intermediate colors of
the primary colors. The reproducible color gamut is shown as
a vectorial sum of vectors to red, green, and blue with black
(not shown) as reference, and white is at the center of the
vectorial sum. The chromaticity of white is equal to that of
black in F1G. 33 for the sake of simplification. A color within
the reproducible color gamut may be displayed by setting the
luminances of red, green, and blue sub-pixels to arbitrary
values.

[0007] FIG. 34 illustrates chromaticities at which a pixel
displays red (R), green (G), blue (B), yellow (Ye), cyan (C),
magenta (M), and white (W) in a conventional liquid crystal
display device. As illustrated in Table 1, the conventional
liquid crystal display device has a reproducible color gamut
that is 69% when measured by NTSC ratio, and has a color
temperature of 6,600 K.

TABLE 1

NTSC ratio Color temperature

69% 6,600 K

[0008] Thecolortemperatureis 6,600K in the conventional
liquid crystal display device described with reference to
FIGS. 31 and 32. A higher color temperature is desired in
some cases. For instance, while the standard color tempera-
ture according to NTSC is about 6,500 K, the Japanese gen-
erally prefer a high color temperature and color television sets
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for the Japanese market are set to 9,300 K (see, for example,
Japan Broadcast Publishing Co., Ltd., “Broadcasting Tech-
nology Series 2: Broadcasting Formats” 1 Ed., Japan, Jan.
20, 1983, pp. 130-132). A high color temperature liquid crys-
tal display device may be realized by using a backlight that is
high in color temperature, namely, a backlight that is high in
intensity in the short wavelength region of the visible light
spectrum (see, for example, JP 2001-228322 A).

[0009] As disclosed in JP 2001-228322 A, a predetermined
color temperature may be realized by using a given backlight.
However, the inventors of the present application have dis-
covered that simply switching to a given backlight shifts the
color tone and accordingly lowers the display quality.
[0010] Specifically, in a three-primary color liquid crystal
display device, simply employing a backlight that is high in
intensity in the short wavelength region (hereinafter, referred
to as “high color temperature backlight”) shifts the color tone
and accordingly lowers the display quality as mentioned
above.

[0011] Multi-primary color liquid crystal display devices
have also been proposed in which yellow sub-pixels are added
to red, green, and blue sub-pixels in order to expand the
reproducible color gamut. If a multi-primary color liquid
crystal display device uses the same backlight as in a three-
primary color liquid crystal display device, the additional
yellow sub-pixels give a displayed color a yellowish over-
tone, which makes the color temperature lower than in a
three-primary color liquid crystal display device. A multi-
color liquid crystal display device therefore needs to use a
backlight that is high in intensity in the short wavelength
region (i.e., high color temperature backlight) in order to
achieve a color temperature equivalent to that of a three-
primary color liquid crystal display device. In this case, 100,
simply employing a high color temperature backlight shifts
the color tone and lowers the display quality.

SUMMARY OF THE INVENTION

[0012] Inview ofthe above-mentioned problems, preferred
embodiments of the present invention provide a liquid crystal
display device that achieves a predetermined color tempera-
ture while preventing a shift in color tone.

[0013] According to a preferred embodiment of the present
invention, a liquid crystal display device includes: a liquid
crystal display panel which includes a pixel defined by at least
three sub-pixels including a blue sub-pixel; a backlight which
emits, toward the liquid crystal display panel, light that brings
a color temperature to a predetermined level when the pixel
displays white; and a color tone correction section which
corrects a color tone of a color displayed by the pixel, in
which, when the pixel displays a color containing at least one
predetermined color component that is other than a white
component and a blue component, the color tone correction
section makes a correction to set a luminance of the blue
sub-pixel lower than an original luminance.

[0014] In one preferred embodiment, the at least one pre-
determined color component is a magenta component or a
cyan component.

[0015] In one preferred embodiment, when the pixel dis-
plays a color that contains only the blue component, a color
that contains only the white component, or a color that con-
tains only the white component and the blue component, the
color tone correction section makes a correction to set the
luminance of the blue sub-pixel lower than the original lumi-
nance.
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[0016] In one preferred embodiment, when the pixel dis-
plays a color that contains only the blue component, a color
that contains only the white component, or a color that con-
tains only the white component and the blue component, the
color tone correction section does not make a correction on
the luminance of the blue sub-pixel and the luminance of the
blue sub-pixel is equal to the original luminance.

[0017] In one preferred embodiment, a maximum lumi-
nance of the blue sub-pixel that is set when the pixel displays
an arbitrary color containing the at least one predetermined
color component is lower than the luminance of the blue
sub-pixel that is set when the pixel displays at least one of
white and blue.

[0018] Inonepreferred embodiment, the color tone correc-
tion section creates a corrected image signal that indicates
luminances to be actually presented by the at least three
sub-pixels, from an image signal that indicates original lumi-
nances of a red sub-pixel, a green sub-pixel, and the blue
sub-pixel in a pixel that is formed only of the red sub-pixel,
the green sub-pixel, and the blue sub-pixel.

[0019] Inone preferred embodiment, the color tone correc-
tion section includes: a color component extracting unit
which extracts a color component from a color of the pixel
thatis indicated by the image signal; and a signal synthesizing
unit which, based on the original luminance of the blue sub-
pixel and the color component, creates the corrected image
signal in a manner that makes the luminance to be actually
presented by the blue sub-pixel lower than the original lumi-
nance.

[0020] Inone preferred embodiment, the at least three sub-
pixels include a red sub-pixel and a green sub-pixel.

[0021] Inone preferred embodiment, the at least three sub-
pixels further include a yellow sub-pixel.

[0022] Inone preferred embodiment, the color tone correc-
tion section sets a luminance of the yellow sub-pixel to a
predetermined value.

[0023] In one preferred embodiment, when the pixel dis-
plays a color which is free of a yellow component and which
contains at least one color component other than the yellow
component, the color tone correction section makes a correc-
tion to set the luminance of the blue sub-pixel lower than the
original luminance.

[0024] In one preferred embodiment, the at least three sub-
pixels further include a cyan sub-pixel.

[0025] 1In one preferred embodiment, when the pixel dis-
plays a color which is free of the yellow component and a
cyan component and which contains at least one color com-
ponent other than the yellow component and the cyan com-
ponent, the color tone correction section makes a correction
to set the luminance of the blue sub-pixel lower than the
original luminance.

[0026] According to various preferred embodiments of the
present invention, a liquid crystal display device includes a
pixel that is defined by at least three sub-pixels including a
blue sub-pixel, in which a maximum luminance of the blue
sub-pixel that is set when the pixel displays an arbitrary color
containing at least one predetermined color component that is
other than a white component and a blue component is lower
than a luminance of the blue sub-pixel that is set when the
pixel displays at least one of white and blue.

[0027] In one preferred embodiment, the at least one pre-
determined color component is a magenta component or a
cyan component.
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[0028] 1Inone preferred embodiment, the at least three sub-
pixels include a red sub-pixel and a green sub-pixel.

[0029] Inone preferred embodiment, the at least three sub-
pixels further include a yellow sub-pixel.

[0030] Inone preferred embodiment, the at least three sub-
pixels further include a cyan sub-pixel.

[0031] According to various preferred embodiments of the
present invention, a liquid crystal display device includes a
pixel containing a red sub-pixel, a green sub-pixel, and a blue
sub-pixel, in which a luminance of the blue sub-pixel that is
set when the pixel displays magenta and a luminance of the
blue sub-pixel that is set when the pixel displays cyan are
lower than a luminance of the blue sub-pixel that is set when
the pixel displays white.

[0032] In one preferred embodiment, the pixel further
includes a yellow sub-pixel.

[0033] In one preferred embodiment, the pixel further
includes a cyan sub-pixel.

[0034] According to various preferred embodiments of the
present invention, a liquid crystal display device that achieves
a predetermined color temperature while preventing a shift in
color tone may be provided.

[0035] Other features, elements, steps, characteristics and
advantages of the present invention will become more appar-
ent from the following detailed description of preferred
embodiments of the present invention with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a schematic diagram illustrating a liquid
crystal display device of a first preferred embodiment accord-
ing to the present invention.

[0037] FIG. 2 is a schematic diagram illustrating a single
pixel in the liquid crystal display device of the first preferred
embodiment of the present invention.

[0038] FIG. 3is a graph illustrating transmittances of color
filter elements which correspond to sub-pixels in the liquid
crystal display device of the first preferred embodiment of the
present invention.

[0039] FIG. 4is a graph illustrating spectra of backlights in
a conventional liquid crystal display device and the liquid
crystal display device of the first preferred embodiment of the
present invention.

[0040] FIG.5is aschematic diagram for describing a repro-
ducible color gamut in a liquid crystal display device of
Comparative Example 1.

[0041] FIG. 6isa schematic diagram illustrating that a shift
in color tone is suppressed in the liquid crystal display device
of the first preferred embodiment of the present invention.
[0042] FIGS. 7A to 7F are schematic diagrams each illus-
trating a relation between luminances of sub-pixels that are
indicated by an image signal and luminances of the sub-pixels
that are indicated by a corrected image signal in the liquid
crystal display device of the first preferred embodiment ofthe
present invention.

[0043] FIG. 8A is a graph illustrating a change in lumi-
nance ofa blue sub-pixel that is observed when the pixel color
changes from black to blue and then to white in the liquid
crystal display device of Comparative Example 1, and FIG.
8B is a graph illustrating a change in luminance of the blue
sub-pixel that is observed when the pixel color changes from
blue to an intermediate color (magenta, for example) and then
to white.
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[0044] FIG. 9A is a graph illustrating a change in lumi-
nance of the blue sub-pixel indicated by a corrected image
signal that is observed when the pixel color changes from
black to blue and then to white in the liquid crystal display
device of'the first preferred embodiment of the present inven-
tion, FIG. 9B illustrates, in a manner parallel to the change in
FIG. 9A, changes in Rin, Gin, Bin, b component, w compo-
nent, and m component that are indicated by an image signal,
FIG. 9C is a graph illustrating a change in luminance of the
blue sub-pixel indicated by a corrected image signal that is
observed when the color of the pixel changes from blue to an
intermediate color (magenta, for example) and then to white,
and F1G. 9D illustrates, in a manner parallel to the change in
FIG. 9C, changes in Rin, Gin, Bin, b component, w compo-
nent, and m component that are indicated by an image signal.
[0045] FIG. 10A is a graph illustrating a change in lumi-
nance of the blue sub-pixel that is observed when the pixel
color changes from black to blue and then to white in the
liquid crystal display device of the first preferred embodiment
of the present invention, and FIGS. 10B to 10D are graphs
each illustrating a change in luminance of the blue sub-pixel
indicated by a corrected image signal that is observed when
the pixel color changes from blue to an intermediate color
(magenta, for example) and then to white.

[0046] FIG. 11 is a graph illustrating chromaticities at
which a pixel displays red (R), green (G), blue (B), yellow
(Ye), cyan (C), magenta (M), and white (W) in liquid crystal
display devices of the conventional art, Comparative
Example 1, and the first preferred embodiment of the present
invention,

[0047] FIG. 12 is a schematic diagram illustrating that the
liquid crystal display device of the first preferred embodiment
includes a color space conversion unit.

[0048] FIG.13isaschematic diagram illustrating the struc-
ture of a color tone correction circuit in the liquid crystal
display device of the first preferred embodiment of the
present invention.

[0049] FIG. 14 is a schematic diagram illustrating that a
shift in chromaticity is suppressed in the liquid crystal display
device of'the first preferred embodiment of the present inven-
tion.

[0050] FIG. 15 is a schematic diagram illustrating a single
pixel in a liquid crystal display device of a second preferred
embodiment according to the present invention.

[0051] FIG. 16 is a graph illustrating transmittances of
color filter elements which correspond to sub-pixels in the
liquid crystal display device of the second preferred embodi-
ment of the present invention.

[0052] FIG. 17 is a graph illustrating spectra of backlights
in a conventional liquid crystal display device and the liquid
crystal display device of the second preferred embodiment of
the present invention.

[0053] FIG. 18 is a graph illustrating chromaticities at
which a pixel displays red (R), green (G), blue (B), yellow
(Ye), cyan (C), magenta (M), and white (W) in liquid crystal
display devices of the conventional art, Comparative
Examples 2 and 3, and the second preferred embodiment of
the present invention.

[0054] FIGS. 19A to 19D are schematic diagrams each
illustrating a relationship between luminances of sub-pixels
that are indicated by an image signal and luminances of the
sub-pixels that are indicated by a corrected image signal in the
liquid crystal display device of the second preferred embodi-
ment of the present invention.
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[0055] FIG. 20 is a schematic diagram illustrating that the
liquid crystal display device of the second preferred embodi-
ment includes a color space conversion unit.

[0056] FIG. 21 is aschematic diagram illustrating the struc-
ture of a color tone correction circuit in the liquid crystal
display device of the second preferred embodiment of the
present invention.

[0057] FIG.22is aschematic diagram for describing which
color is favorably suitable to color tone correction in the
liquid crystal display device of the second preferred embodi-
ment of the present invention.

[0058] FIG. 23 is a graph illustrating chromaticities of pixel
colorsin liquid crystal display devices ofthe conventional art,
Comparative Example 3, Comparative Example 4, the second
preferred embodiment (a) and the second preferred embodi-
ment (b).

[0059] FIG. 24 is a schematic diagram illustrating a single
pixel in a liquid crystal display device of a third preferred
embodiment according to the present invention.

[0060] FIG. 25 is a graph illustrating transmittances of
color filter elements which correspond to sub-pixels in the
liquid crystal display device of the third preferred embodi-
ment of the present invention.

[0061] FIG. 26 is a graph illustrating spectra of backlights
in a conventional liquid crystal display device and the liquid
crystal display device of the third preferred embodiment of
the present invention.

[0062] FIG.27is aschematic diagram for describing which
color is favorably suitable to color tone correction in the
liquid crystal display device of the third preferred embodi-
ment of the present invention.

[0063] FIG. 28 is a graph illustrating chromaticities at
which a pixel displays red (R), green (G), blue (B), yellow
(Ye), cyan (C), magenta (M), and white (W) in liquid crystal
display devices of Comparative Examples 5 and 6 and the
third preferred embodiment of the present invention.

[0064] FIG. 29 is a chromaticity diagram illustrating the
chromaticities of sub-pixels in the liquid crystal display
devices of the first preferred embodiment and the second
preferred embodiment of the present invention.

[0065] FIG. 30 is a chromaticity diagram illustrating the
chromaticities of sub-pixels in the liquid crystal display
device ofthe third preferred embodiment of the present inven-
tion.

[0066] FIG. 31 is a graph illustrating a spectrum of a back-
light in a conventional liquid crystal display device.

[0067] FIG. 32 is a graph illustrating the transmittances of
color filter elements which correspond to sub-pixels in a
conventional liquid crystal display device.

[0068] FIG. 33 is a schematic diagram illustrating a repro-
ducible color gamut in a conventional liquid crystal display
device.

[0069] FIG. 34 is a graph illustrating chromaticities at
which a pixel displays red (R), green (G), blue (B), yellow
(Ye), cyan (C), magenta (M), and white (W) in a conventional
liquid crystal display device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Preferred Embodiment

[0070] A liquid crystal display device of a first preferred
embodiment according to the present invention is described
below with reference to the drawings.
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[0071] As illustrated in FIG. 1, a liquid crystal display
device 100 of this preferred embodiment includes a liquid
crystal display panel 110, which has pixels each defined by
three sub-pixels, a color tone correction circuit 120, which
corrects a color tone of a color displayed by a pixel, and a
backlight 130, which emits, toward the liquid crystal display
panel 110, light that brings a color temperature to a predeter-
mined level when a pixel displays white. One pixel 115 in the
liquid crystal display panel 110 has three sub-pixels, specifi-
cally, a red sub-pixel (R), a green sub-pixel (G), and a blue
sub-pixel (B) as illustrated in FIG. 2. The red, green, and blue
sub-pixels are realized by forming three sub-pixel regions
within a single pixel region in a color filter (not shown). As
illustrated in FIG. 2, the red, green, and blue sub-pixels have
equal areas.

[0072] FIG. 3 illustrates transmittances of color filter ele-
ments which correspond to the sub-pixels in the liquid crystal
display device 100. In FIG. 3, R, G, and B represent, respec-
tively, transmittances at which color filter elements of red,
green, and blue sub-pixels transmit light of varying wave-
lengths. The color filter elements in the liquid crystal display
device 100 have the same transmittances as in a conventional
liquid crystal display device of FIG. 32.

[0073] The liquid crystal display device 100 uses a high
color temperature backlight as the backlight 130. FIG. 4
illustrates in solid line a spectrum of the high color tempera-
ture backlight 130 in the liquid crystal display device 100 and,
for reference, illustrates in broken line a spectrum of a back-
light in the conventional liquid crystal display device, which
is illustrated in FIG. 31. The backlight 130 uses a light emit-
ting diode (LED). As may be seen in FIG. 4, compared to the
backlight in the conventional liquid crystal display device, the
spectrum of the high color temperature backlight 130 is high
in intensity at a wavelength that corresponds to blue and low
in intensity at wavelengths that correspond to red and green.
This spectrum change is accomplished by reducing an
amount of a yellow-light emitting fluorescent material which
absorbs blue light and emits yellow light. In the liquid crystal
display device 100 which has a different backlight spectrum
than that of the conventional liquid crystal display device as
described above, a color displayed by a pixel assumes a more
bluish overtone than in the conventional liquid crystal display
device, and a high color temperature is thus achieved. The
term color temperature used in the following description
means, unless otherwise stated, a color temperature that is
registered when a liquid crystal display device displays
“white”. Further, a backlight in a conventional liquid crystal
display device is called a conventional backlight in the fol-
lowing description.

[0074] The liquid crystal display device of this preferred
embodiment is outlined below in comparison with a liquid
crystal display device of Comparative Example 1. First, the
liquid crystal display device of Comparative Example 1 is
described. The liquid crystal display device of Comparative
Example 1 uses the same type of high color temperature
backlight as the backlight 130 of the liquid crystal display
device 100. The liquid crystal display device of Comparative
Example 1 also has the same transmittances of color filter
elements as the ones in the liquid crystal display device 100 of
this preferred embodiment which are illustrated in FIG. 4.
The liquid crystal display device of Comparative Example 1
differs from the liquid crystal display device 100 of this
preferred embodiment in that the color tone correction circuit
120 is not provided.
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[0075] 1In FIG. 5, a reproducible color gamut of the liquid
crystal display device of Comparative Example 1 is illus-
trated in solid line and, for reference, a reproducible color
gamut of the conventional liquid crystal display device,
which is illustrated in FIG. 33, is illustrated in broken line.
FIG. 5 places black in the liquid crystal display device of
Comparative Example 1 in the same position as that of black
in the conventional liquid crystal display device because a
color saturation of black is low.

[0076] The spectrum of the high color temperature back-
light used in the liquid crystal display device of Comparative
Example 1 is high in intensity at a wavelength that corre-
sponds to blue and low in intensity at wavelengths that cor-
respond to red and green, which makes a vector in a blue
direction long and vectors in red and green directions short. In
the liquid crystal display device of Comparative Example 1,
white W' which is expressed by a vectorial sum of the red,
green, and blue vectors is accordingly shifted in the blue
direction from white W in the conventional liquid crystal
display device and, similarly, the reproducible color gamut is
shifted in the blue direction from the reproducible color
gamut of the conventional liquid crystal display device.
[0077] Now, consider a case in which the maximum lumi-
nance of each sub-pixel is 256, and the liquid crystal display
devices of the conventional art and Comparative Example 1
display magenta at an intermediate luminance with the lumi-
nances of the R, G, and B sub-pixels set to (R, G, B)=(127, 0,
127). In FIG. 5, A represents the color displayed by the
conventional liquid crystal display device, and A' represents
the color displayed by the liquid crystal display device of
Comparative Example 1. As may be understood from FIG. 5,
the chromaticity of A" in the liquid crystal display device of
Comparative Example 1 greatly differs from that of A in the
conventional liquid crystal display device and is shifted in the
blue direction. FIG. 5 illustrates a color tone shift observed
when magenta is displayed, but the color tone shifts in a
similar manner also when it is cyan that is displayed. Using a
high color temperature backlight in the liquid crystal display
device of Comparative Example 1 thus shifts the color tone in
the blue direction and hinders proper displaying.

[0078] Next, the liquid crystal display device of this pre-
ferred embodiment is described with reference to FIGS. 1 and
6. The liquid crystal display device 100 of this embodiment
has the color tone correction circuit 120 as illustrated in FIG.
1. The color tone correction circuit 120 creates, for example,
from an image signal which indicates the original luminances
of the red, green, and blue sub-pixels, a corrected image
signal which indicates luminances that the red, green, and
blue sub-pixels should actually present. The luminance of the
blue sub-pixel is thus made lower than its original luminance.
The image signal may be, for example, input to the color tone
correction circuit 120 or created in the color tone correction
circuit 120. Ifthe original luminance of the blue sub-pixel that
is indicated by the image signal is given as Bin and a lumi-
nance to be actually presented by the blue sub-pixel (may
simply be referred to as “blue sub-pixel luminance”) which is
indicated by the corrected image signal is given as Bout, the
color tone correction circuit 120 makes a correction in a
manner that sets Bout lower than Bin.

[0079] For instance, when the image signal indicates that
the original luminances of the R, G, and B sub-pixels are (R,
G, B)=(127, 0, 127), the color tone correction circuit 120
corrects the image signal so that the blue sub-pixel luminance
is, for example, 0.7 times the original luminance thereof, and
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thus creates the corrected image signal that indicates that the
luminances of the R, G, and B sub-pixels are (R, G, B)=(127,
0, 89). This changes the color displayed by the pixel in the
liquid crystal display device 100 to A" as illustrated in FIG. 6,
thus enabling the liquid crystal display device 100 of this
preferred embodiment to display a color that has approxi-
mately the same chromaticity as that of the color A displayed
by the conventional liquid crystal display device. Owing to a
correction made by the color tone correction circuit 120 in the
above-mentioned manner in which the blue sub-pixel lumi-
nance is set lower than its original luminance, a shift in color
tone resulting from the use of a high color temperature back-
light may be suppressed.

[0080] The color tone correction circuit 120 corrects the
luminance of the blue sub-pixel based on the image signal.
The color tone correction circuit 120 first extracts color com-
ponents of a pixel color indicated by the image signal. Color
components are r (red), g (green), b (blue). ye (yellow), c
(cyan), m (magenta), and w (white). The w component is a
component whose presence is common to the luminances of
the red, green, and blue sub-pixels. Strictly speaking, the w
component is a component that represents an achromatic
color of the same chromaticity as white and, herein, is also
called a white component. The ye component is a component
whose presence is common to the luminances of the red and
green sub-pixels. The ¢ component is a component whose
presence is common to the luminances of the green and blue
sub-pixels. The m component is acomponent whose presence
is common to the luminances of the red and blue sub-pixels.
Ther, g, and b components are conponents that remain after
removing the w, ye, ¢, and m components from the color
components of a pixel color, and that correspond to the lumi-
nances of the red, green, and blue sub-pixels, respectively.
The color tone correction circuit 120 determines whether to
correct the luminance of the blue sub-pixel based on the
original luminance of the blue sub-pixel and the color com-
ponents.

[0081] Bout correction by the color tone correction circuit
120 is described below with reference to Table 2.

TABLE 2

Presence of other
color components than

b component and w Need to correct

Bin >0 component Bout
Case 1 Yes Yes Yes
Case 2 Yes No No
Case 3 No Yes No

[0082] As may be understood from Table 2, Bout is cor-
rected when the situation matches Case 1, specifically, when
Bin>0 is satisfied and other components than the b compo-
nent and the w component, namely, any of the 1, g, ye, ¢, and
m components is present. Though not illustrated in Table 2,
when Bin=0 and no other components than the b component
and the w component are present, Rin, Gin, and Bin are all
zero and Bout is not corrected.

[0083] Concrete examples of when the color tone correc-
tion circuit 120 corrects Bout are described below with ref-
erence to FIGS. 7A to 7F. Here, the original luminances of the
red, green, and blue sub-pixels which are indicated by the
image signal are denoted by Rin, Gin, and Bin, respectively,
whereas the luminances of the red, green, and blue sub-pixels
that are indicated by the corrected image signal are denoted
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by Rout, Gout, and Bout, respectively. Rout and Gout are
equal to Rin and Gin, respectively. Bout is corrected when the
situation matches Case 1, and is not corrected when Case 2 or
Case 3 applies. The luminances of each sub-pixel varies
within a range between the minimum luminance (which cor-
responds to, for example, the lowest gray scale level 0) of the
sub-pixel and the maximum luminance (which corresponds
to, for example, the highest gray scale level 255) of the sub-
pixel and, here, the luminances of the respective sub-pixels
are expressed in a relative manner.

[0084] As illustrated in FIG. 7A, when Rin>Gin>Bin>0,
the smallest of the values of Rin, Gin, and Bin (namely, value
of Bin) is regarded as the w component and, of Rin-Bin,
which is a subtraction of this smallest value from Rin, and
Gin-Bin, which is a subtraction of this smallest value from
Gin, the smaller one (namely, value of Gin-Bin) is regarded
as the ye component. Rin-Gin is regarded as the r component.
In this case, Bin>0 is satisfied and the r component and the ye
component are present as other components than the b com-
ponent and the w component. The situation therefore matches
Case 1 and the color tone correction circuit 120 corrects Bout.
[0085] As illustrated in FIG. 7B, when Bin>Rin>Gin>0,
the smallest of the values of Rin, Gin, and Bin (namely, value
of Gin) is regarded as the w component and, of Rin-Gin,
which is a subtraction of this smallest value from Rin, and
Bin-Gin, which is a subtraction of this smallest value from
Bin, the smaller one (namely, value of Rin—Gin) is regarded
as the m component. Bin-Rin is regarded as the b component.
In this case, Bin>0is satisfied and the m component is present
as an additional component to the b component and the w
component. The situation therefore matches Case 1 and the
color tone correction circuit 120 corrects Bout.

[0086] As illustrated in FIG. 7C, when Gin=Bin=Max (for
example, 255) and Rin=0, in other words, when a pixel is to
display cyan, Gin and Bin have the same value and this value
of Gin or Bin is regarded as the ¢ component. In this case,
Bin>0 is satisfied and the ¢ component is present as an addi-
tional component to the b component and the w component.
The situation therefore matches Case 1 and the color tone
correction circuit 120 corrects Bout.

[0087] As illustrated in FIG. 7D, when Rin=Bin=Max (for
example, 255) and Gin=0, in other words, when a pixel is to
display magenta, Rin and Bin have the same value and this
value of Rin or Bin is regarded as the m component. In this
case, Bin>0 is satisfied and the m component is present as an
additional component to the b component and the w compo-
nent. The sitvation therefore matches Case 1 and the color
tone correction circuit 120 corrects Bout.

[0088] As illustrated in FIG. 7E, when Bin>Rin=Gin>0,
the smallest of the values of Rin, Gin, and Bin (namely, value
of Rin or Gin) is regarded as the w component, and the value
of Bin-Gin or Bin-Rinis regarded as the b component. In this
case, Bin>0 is satisfied but no other components than the b
component and the w component are present. Therefore, Case
2 applies and the color tone correction circuit 120 does not
correct Bout, which gives Bout the same value as Bin. The
luminance of'the blue sub-pixel does not need to be corrected
when the color components present are only the b component
and/or the w component because the color tone is hardly
shifted in such cases as may be understood from FIG. 6.
[0089] Asillustrated in FIG. 7F, when Rin>Gin>Bin=0, the
smaller one of the values of Rin and Gin (namely, value of
Gin) is regarded as the ye component and the value of Rin-
Ginis regarded as the r component. In this case, Bin=0 and the
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r component and the ye component are present as other com-
ponents than the b component and the w component. There-
fore, Case 3 applies and the color tone correction circuit 120
does not correct Bout. Bout is not corrected because Bin is
zero and may not be corrected.

[0090] The description returns to the comparison of the
liquid crystal display device of this embodiment against the
liquid crystal display device of Comparative Example 1.
Described first with reference to FIGS. 8A and 8B is a change
in blue sub-pixel luminance (Bout) that accompanies a
change in pixel color in the liquid crystal display device of
Comparative Example 1. The blue sub-pixel luminance
(Bout) is the luminance of the blue sub-pixel that is indicated
by a signal input to a liquid crystal display panel in the liquid
crystal display device of Comparative Example 1. FIG. 8A
illustrates a change in blue sub-pixel luminance (Bout) that is
observed when the pixel color changes from black to blue and
then to white. FIG. 8B illustrates a change in blue sub-pixel
luminance (Bout) that is observed when the pixel color
changes from blue to an intermediate color (for example,
magenta) and then to white. Those changes are the same as
those in the conventional liquid crystal display device.
[0091] As illustrated in FIG. 8A, when the pixel color is
black, the blue sub-pixel luminance is the minimum lumi-
nance. The luminances of the red and green sub-pixels at this
point are also the minimum luminance. As the pixel color
changes from black to blue, the blue sub-pixel luminance
increases. When the pixel color completes the change to blue,
the luminance of the blue sub-pixel reaches the maximum
luminance. Here, the maximum luminance is 255 as in the
case of the gray scale level. As the pixel color subsequently
changes from blue to white, the blue sub-pixel luminance is
kept at the maximum luminance whereas the luminances of
the red and green sub-pixels increase. When the pixel color
completes the change to white, the luminances of the red and
green sub-pixels reach the maximum luminance.

[0092] As illustrated in FIG. 8B, when the pixel color is
blue, the blue sub-pixel luminance is the maximum lumi-
nance. The luminances of the red and green sub-pixels at this
point are the minimum luminance. As the pixel color changes
from blue to magenta, the blue sub-pixel luminance is kept at
the maximum luminance whereas the luminance of the red
sub-pixel increases. When the pixel color completes the
change to magenta, the luminance of the red sub-pixel
reaches the maximum luminance. As the pixel color subse-
quently changes from magenta to white, the luminances of the
red and blue sub-pixel are kept at the maximum luminance
whereas the luminance of the green sub-pixel increases.
When the pixel color completes the change to white, the
luminance of the green sub-pixel reaches the maximum lumi-
nance.

[0093] Described next with reference to FIGS. 9A to 9D is
a change in blue sub-pixel luminance that accompanies a
change in pixel color in the liquid crystal display device of
this preferred embodiment. FIG. 9A illustrates a change in
blue sub-pixel luminance (Bout) indicated by a corrected
image signal that is observed when the pixel color changes
from black to blue and then to white. FIG. 9B illustrates, in a
manner parallel to the change in FIG. 9A, changes in Rin,
Gin, Bin, b component, w component, and m component that
are indicated by an image signal. F1G. 9C illustrates a change
in blue sub-pixel luminance (Bout) indicated by a corrected
image signal that is observed when the pixel color changes
from blue to an intermediate color (magenta, for example)
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and then to white. FIG. 9D illustrates, in a manner parallel to
the change in FIG. 9C, changes in Rin, Gin, Bin, b compo-
nent, w component, and m component that are indicated by an
image signal.

[0094] As illustrated in FIGS. 9A and 9B, when the pixel
color is black, in other words, when Rin, Gin, and Bin are
zero, the b component, the w component, and the m compo-
nent are all zero and Bout is zero (minimum luminance). At
this point, the red sub-pixel luminance (Rout) and the blue
sub-pixel luminance (Bout), which are indicated by a cor-
rected image signal, are zero as well. As Bin increases while
Rin and Gin are kept at zero to change the pixel color from
black to blue, the b component increases, thereby increasing
Bout. When the pixel color completes the change to blue, in
other words, when Bin reaches 255, the b component reaches
255 as well. Bout at this point is 255. As Rin and Gin subse-
quently increase while Bin is kept at 255, which causes the
pixel color to change from blue to white, the b component
decreases and the w component increases. Bout at this point
remains 255 whereas Rout and Gout increase. When the pixel
color completes the change to white, in other words, when
Rin, Gin, and Bin reach 255, the b component is zero and the
w component is 255. Rout and Gout at this point are 255.
[0095] Thus, when the pixel color changes from black to
blue and then to white, Bin>0 is satisfied all the time except a
period in which the pixel color is black, but the pixel color
contains only the b component and/or the w component, and
no other components, including the m component, are present
as may be seen in FIG. 9B. This case therefore matches Case
2 described above with reference to Table 2, and the color tone
correction circuit 120 does not correct Bout. The change
illustrated in FIG. 9A is the same as that in the conventional
liquid crystal display device, which is apparent if FIG. 9A is
compared with FIG. 8A.

[0096] As illustrated in FIGS. 9C and 9D, when the pixel
color is blue, in other words, when Rin and Gin are zero and
Binis 255, the b component is 255 whereas the w component
and the m component are zero. Bout at this point is 255. As
Rin increases while Bin is kept at 255 to change the pixel
color from blue to magenta, the b component decreases and
the m component increases. This period, in which Bin>0 is
satisfied and the m component is present as an additional
component to the w component and the b component,
matches Case 1 described above with reference to Table 2,
and the color tone correction circuit 120 sets Bout lower than
Bin. Accordingly, in the liquid crystal display device 100 of
this embodiment, Bout decreases despite no changes in Bin as
illustrated in FIG. 9C. When Rin and Bin reach 255, which
causes the pixel color to complete the change to magenta, the
b component becomes zero and the m component reaches
255. At this point, with Bin at 255, Bout is, for example, 179
(=255x0.7), and Rout is 255.

[0097] As Gin subsequently increases while Rin and Bin
are kept at 255 to change the pixel color from magenta to
white, the m component decreases and the w component
increases. At this point, Gout increases while Rout remains
255. Bout in this period increases as well. When Rin, Gin, and
Bin reach 255, which causes the pixel color to complete the
change to white, the m component becomes zero and the w
component reaches 255. Gout and Bout at this point reach
255.

[0098] Bout registered when the pixel color is magenta is
lower than Bout registered when the pixel color is blue and
white, as may be seen in FIG. 9C. From a comparison
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between FIG. 8B and FIG. 9C, it is understood that the liquid
crystal display device 100 of this preferred embodiment dif-
fers from the liquid crystal display device of Comparative
Example 1 inthat Bout is low when the pixel color is magenta,
which is an intermediate color between blue and red. The
liquid crystal display device 100 may thus suppress the
above-mentioned shift in color tone in the blue direction by
setting the blue sub-pixel luminance lower than its original
luminance when the pixel color is an intermediate color. The
blue sub-pixel luminance (Bout) in the liquid crystal display
device of Comparative Example 1 which is illustrated in
FIGS. 8A and 8B corresponds to the original luminance of the
blue sub-pixel (Bin) in the liquid crystal display device 100.
[0099] While Bout registered when the pixel color is blue
preferably is equal to Bout registered when the pixel color is
white in the description above, the present invention is not
limited thereto. As illustrated in FIG. 10A, Bout registered
when the pixel color is blue may be lower than Bout registered
when the pixel color is white. In this case, as may be seen in
FIG. 10B, Bout is an intermediate luminance (179, for
example) and Rout and Gout are the minimum luminance
when the pixel color is blue, in other words, when Bin is 255.
As the pixel color changes from blue to magenta, Rout
increases while Bout is kept at the intermediate luminance.
When Rin and Bin reach 255 causing the pixel color to com-
plete the change to magenta, Bout is kept at the intermediate
luminance whereas Rout reaches 255. As Gin subsequently
increases while Rin and Bin are kept at 255 to change the pixel
color from magenta to white, Gout increases and Rout
remains 255. Bout at this point increases as well. When Rin,
Gin, and Bin reach 255, causing the pixel color to complete
the change to white, Gout and Bout reach 255.

[0100] While Bout of FIG. 10B preferably is kept at an
intermediate luminance as the pixel color changes from blue
to magenta, the present invention is not limited thereto. As
illustrated in FIG. 10C, Bout in a period in which the pixel
color changes from blue to magenta may be a decreasing
intermediate luminance. Alternatively, in the case where the
color temperature is high enough (for example, higher than
6,500K) when whiteis displayed by setting the luminances of
all the sub-pixels to the maximum luminance, the blue sub-
pixel luminance for displaying white may be set lower than
the maximum luminance. In the case where the blue sub-pixel
luminance is lower than the maximum luminance when the
pixel color is white, Bout registered when the pixel color is
blue may be higher than Bout registered when the pixel color
is white as illustrated in FIG. 10D. In those cases, when a
pixel displays an arbitrary color containing other color com-
ponents than the white component and the blue component,
the maximum luminance of the blue sub-pixel is lower than a
blue sub-pixel luminance at which the pixel displays at least
one of white and blue.

[0101] Note that the timing of a change in blue sub-pixel
luminance (Bout) that accompanies a change in pixel color is
not the sole point of the description given with reference to
FIGS.9A to 9D and FIGS. 10A to 10D. The description given
with reference to FIGS. 9A to 9D and FIGS. 10A to 10D is
nothing but the algorithm for setting a blue sub-pixel lumi-
nance (gray scale level) that is suited to the pixel color. This
means that, in the liquid crystal display device of this embodi-
ment, the sub-pixel luminance combinations for displaying
the colors illustrated in FIGS. 9A to 9D and FIGS. 10A to 10D
are set based on the above-mentioned algorithm. In other
words, FIGS. 9A to 9D and FIGS. 10A to 10D do not simply
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point out the timing at which the blue sub-pixel luminance
changes, but indicate the blue sub-pixel luminances them-
selves that are set to display the colors illustrated in FIGS. 9A
to 9D and FIGS. 10A to 10D. Bout may be set in advance
based on the above-mentioned algorithm, or may be created
by calculation. While FIGS. 9A to 9D and FIGS. 10A to 10D
illustrate the blue sub-pixel luminance for displaying
magenta as an intermediate color, the same applies to cases
where cyan is displayed as an intermediate color.

[0102] FIG. 11 illustrates chromaticities at which a pixel
displays red (R), green (G), blue (B), yellow (Ye), cyan (C),
magenta (M), and white (W) in the liquid crystal display
devices of the conventional art, Comparative Example 1, and
this preferred embodiment. Here, when a pixel displays cyan
and magenta, the blue sub-pixel luminance is set to 0.7 times
the original luminance.

[0103] As illustrated in FIG. 11, the chromaticity of white
in the liquid crystal display device of Comparative Example 1
is shifted in the blue direction from the chromaticity of white
in the conventional liquid crystal display device, and the color
temperature is higher in the liquid crystal display device of
Comparative Example 1 than in the conventional liquid crys-
tal display device. This is because the liquid crystal display
device of Comparative Example 1 uses a high color tempera-
ture backlight. However, the chromaticities of cyan and
magenta in the liquid crystal display device of Comparative
Example 1 are shifted in the blue direction from the ones in
the conventional liquid crystal display device, thereby caus-
ing a shift from the color tone of the conventional liquid
crystal display device.

[0104] In contrast, the liquid crystal display device of this
preferred embodiment which sets the blue sub-pixel lumi-
nance to 0.7 times the original luminance when a pixel dis-
plays cyan and magenta may have approximately the same
cyan and magenta chromaticities as those in the conventional
liquid crystal display device, despite the use of a high color
temperature backlight. The color temperature in the liquid
crystal display device of this embodiment is 9,300 K, which is
higher than the color temperature (6,600 K) in the conven-
tional liquid crystal display device, as illustrated in Table 3.

TABLE 3
NTSC ratio Color temperature
Conventional art 9% 6,600 K
First embodiment 9% 9,300 K

[0105] The following description is given on the assump-
tion that signals input to the liquid crystal display device 100
are YCrCb signals, which are commonly used as color tele-
vision signals. The liquid crystal display device 100 in this
case includes, as illustrated in FIG. 12, a color space conver-
sion unit 140, which converts YCrCb signals into RGB sig-
nals, and the color tone correction circuit 120 processes the
RGB signals obtained through the conversion by the color
space conversion unit 140. The color tone correction circuit
120 is mounted to, for example, a substrate of the liquid
crystal display panel 110. In the liquid crystal display device
100, the color tone correction circuit 120 creates a corrected
image signal which indicates luminances to be actually pre-
sented by the red, green, and blue sub-pixels from an image
signal which indicates the original luminances of the red,
green, and blue sub-pixels.
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[0106] The liquid crystal display panel 110 is generally
provided with a circuit that performs inverse y correction (not
shown). Inverse y correction is a correction performed when
television signals are used to display an image or the like on
adisplay thatis not a CRT or other television tubes in order to
make the display’s linear luminance characteristics, which
differ from CRT characteristics, closer to the CRT character-
istics. When the liquid crystal display panel 110 is provided
with a circuit that performs inverse y correction, signals that
have received y correction are input to the liquid crystal dis-
play panel 110.

[0107] A specific structure of the color tone correction cir-
cuit 120 is described next with reference to FIG. 13. As
illustrated in FI1G. 13, the color tone correction circuit 120 has
an inverse y correction processing unit 121, a color compo-
nent extracting unit 122, a signal synthesizing unit 123, a
clipping processing unit 124, and a y correction processing
unit 125. The operation of the structural components of the
color tone correction circuit 120 is described below. The
assumption here is that image signals to be input to the color
tone correction circuit 120 after conversion of YCrCb signals
have been corrected by y correction.

[0108] The inverse y correction unit 121 receives Rin, Gin,
and Bin indicating the luminances of the red, green, and blue
sub-pixels that have been corrected by y correction, and per-
forms inverse y correction to obtain luminances R0, G0, and
B0 of the red, green, and blue sub-pixels which are pre-y
correction luminances. Whereas the relation between the gray
scale level and the luminance is non-linear in the image signal
that has been corrected by y correction, inverse y correction
performed by the inverse y correction processing unit 121
makes the relation between the gray scale level and the lumi-
nance linear. Subsequently, based on the luminances R0, G0,
and B0, the color component extracting unit 122 extracts the
1,8, b,c, m, ye, and w components from a pixel color indicated
by the image signal, and outputs the extracted components to
the signal synthesizing unit 123, along with the luminances
R0, G0, and B0, which are output as luminances R1, G1, and
B1.

[0109] The signal synthesizing unit 123 includes a lumi-
nance signal detecting section 123, a color component
detecting section 1235, and a signal correcting section 123¢.
The luminance signal detecting section 123a determines
whether or not the luminance B1 of the blue sub-pixel is larger
than zero. The color component detecting section 1235 deter-
mines whether or not any of other components than the b and
w components, namely, any of the r, g, ¢, m, and ye compo-
nents takes a value other than zero. When the luminance
signal detecting section 123« detects that the luminance B1 of
the blue sub-pixel is larger than zero and the color component
detecting section 1235 detects that any of the 1, g, ¢, m, and ye
components takes a value other than zero, the signal correct-
ing section 123¢ calculates the product of the luminance B1 of
the blue sub-pixel and a predetermined value (0.7 to 1) and
outputs the result of the calculation as B'. In other cases, the
signal correcting section 123¢ outputs the luminance B1 of
the blue sub-pixel as B'. The predetermined value is set
according to the amount of other color components than the
blue component and the white component. For example, the
predetermined value is small when the amount of other com-
ponents than the blue component and the white component is
large whereas, when other components than the blue compo-
nent and the white component are present in a small amount,
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the predetermined value is large (approaches 1). The signal
synthesizing unit 123 outputs R1 and G1 as R'and G, respec-
tively.

[0110] The clipping processing unit 124 performs clipping
processing on the luminances R', G', and B' output from the
signal synthesizing unit 123. Clipping processing is process-
ing for keeping a luminance within its intended range by
preventing the luminance from exceeding the maximum
value of the intended range or coming short of the minimum
value thereof through conversion to the maximum value or
the minimum value. The y correction processing unit 125 next
performs y correction on R", G", and B", which are obtained
through the clipping processing of R', G', and B', and outputs
the corrected luminances as Rout, Gout, and Bout to the liquid
crystal display panel 110. In the manner as described above,
the color tone correction circuit 120 may create a corrected
image signal which indicates luminances to be actually pre-
sented by the red, green, and blue sub-pixels from an image
signal which indicates the original luminances of the red,
green, and blue sub-pixels.

[0111] The description above has been given based on the
assumption that signals input to the liquid crystal display
device 100 are YCrCb signals, which are commonly used as
color television signals, but are not limited to YCrCh signals.
Instead, the input signals may be ones that indicate the lumi-
nances of the sub-pixels of the three primary colors R, G, and
B, or may be ones that indicate the luminances of the sub-
pixels of other three primary colors such as YeMC (Ye: yel-
low, M: magenta, C: cyan).

[0112] The color tone correction circuit 120 in the descrip-
tion above has the inverse y correction processing unit 121,
which performs inverse y correction on an image signal that
has received y correction, but the present invention is not
limited thereto. If no problem arises in practice, an image
signal on which v correction has been performed may be
subjected to the subsequent processing without receiving
inverse y correction and, in this case, the inverse y correction
processing unit 121 may be omitted. Alternatively, the inverse
y correction processing 121 may be omitted in the case where
an image signal does not receive y correction before input to
the color tone correction circuit 120.

[0113] The color tone correction circuit 120 in the descrip-
tion above preferably varies the blue sub-pixel luminance
with respect to its original luminance in a uniform manner
according to the amount of other color components than the b
component and the w component. However, the present
invention is not limited thereto. The blue sub-pixel luminance
may be varied according to a function that sets the blue
sub-pixel luminance lower than its original luminance.
[0114] While the sub-pixels preferably have equal areas in
the description above, the present invention is not limited
thereto. The sub-pixels may have different areas.

[0115] In the description above, the blue sub-pixel lumi-
nance is corrected when the pixel color is a color containing
any of other color components than the white component and
the blue component (namely, r, g, ye, ¢, and m components).
However, the present invention is not limited thereto. The
blue sub-pixel luminance may be corrected when a color to be
displayed by a pixel contains at least one predetermined color
component other than the white component and the blue
component. The color tone correction circuit 120 may correct
the blue sub-pixel luminance only when the pixel color con-
tains the magenta (m) component or the cyan (c) component
because, in the liquid crystal display device of Comparative
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Example 1, a shift in color tone is particularly large when the
pixel color contains the magenta component or the cyan com-
ponent.

[0116] A pixel in the description above preferably has red,
green, and blue sub-pixels, but the present invention is not
limited thereto. The sub-pixels in a pixel may employ other
color combinations as long as the pixel has a blue sub-pixel.
[0117] In the description above, three cases Case 1 to Case
3 are used as illustrated in Table 2 to determine whether to
correct Bout. However, the present invention is not limited
thereto. Asillustrated in Table 4, Bout may be corrected when
the contained color component is not the w component, for
example, when the pixel color contains the b component
alone. This is particularly effective when the deviation of the
chromaticity of white in the liquid crystal display device of
this preferred embodiment from a straight line that connects
the chromaticity of white and the chromaticity of blue in the
liquid crystal display device of Comparative Example 1 is
relatively large. Further, as illustrated in FIG. 14, the chro-
maticity registered when the blue sub-pixel is at the highest
gray scale in the liquid crystal display device of Comparative
Example 1 differs from the chromaticity registered when the
blue sub-pixel is at the highest gray scale in the conventional
liquid crystal display device, and hence setting the blue sub-
pixel luminance lower than its original luminance may sup-
press a shift in color tone in the liquid crystal display device
of this preferred embodiment.

TABLE 4

Presence of other
color components

Bin >0 than w component Need to correct Bout
Case A Yes Yes Yes
Case B Yes No No
Case C No No No

[0118] InTable4, Boutpreferably is not corrected when the
only color component of a pixel color is the w component as
illustrated in Case B, but the present invention is not limited
thereto. A shift in color tone may be suppressed by correcting
Bout as long as Bin>0 is satisfied.

[0119] While the color temperature of the liquid crystal
display device in the description above preferably is 9,300 K,
the present invention is not limited thereto. The color tem-
perature may be adjusted by changing the gamma character-
istics (gray scale-luminance characteristics) of respective
sub-pixels. For example, the color temperature may be 8,000
K or more and 15,000 K or less.

Second Embodiment

[0120] A liquid crystal display device of a second preferred
embodiment according to the present invention is described
below with reference to FIGS. 15 to 23. The liquid crystal
display device of this preferred embodiment differs from the
liquid crystal display device of the first preferred embodiment
in that each pixel has a yellow sub-pixel in addition to the red,
green, and blue sub-pixels. The liquid crystal display device
100 of this preferred embodiment preferably has the same
structure as that of the above-mentioned liquid crystal display
device of the first preferred embodiment, and descriptions on
overlapping points are omitted in order to avoid redundancy.
However, as described later, the color tone correction circuit
120 in the liquid crystal display device 100 of this preferred
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embodiment creates a corrected image signal that indicates
the luminances of the red, green, blue, and yellow sub-pixels
by correcting the luminance of the blue sub-pixel.

[0121] FIG. 15 illustrates four sub-pixels that are contained
within a single pixel in the liquid crystal display device 100 of
this preferred embodiment, namely, red (R), green (G), blue
(B), and yellow (Ye) sub-pixels. F1G. 16 illustrates the trans-
mittances of color filter elements which correspond to the
respective sub-pixels in the liquid crystal display device 100
of this preferred embodiment. In FIG. 16, Ye represents a
transmittance at which the color filter element of the yellow
sub-pixel transmits light of varying wavelengths. R, G, and B
represent transmittances at which the color filter elements of
the red, green, and blue sub-pixels transmit light of varying
wavelengths, and the transmittances of FIG. 16 are the same
as the color filter transmittances of varying wavelengths in the
liquid crystaldisplay device of the first preferred embodiment
which have been described with reference to FIG. 3.

[0122] The liquid crystal display device of this preferred
embodiment has an expanded reproducible color gamut
owing to the inclusion of the yellow sub-pixel in a pixel.
However, as described above, adding the yellow sub-pixel
gives a color displayed by a pixel a yellowish overtone and
lowers the color temperature. The liquid crystal display
device of this preferred embodiment therefore achieves a
predetermined color temperature by using a high color tem-
perature backlight.

[0123] InFIG. 17, the spectrum of an LED that is used as a
backlight in the liquid crystal display device of'this preferred
embodiment is illustrated in solid line and, for reference, the
spectrum of an LED that is used as a backlight in a conven-
tional liquid crystal display device is illustrated in broken
line. Note that the backlight in the conventional liquid crystal
display device is the same as the one illustrated in FIG. 4.

[0124] FIG. 18 illustrates chromaticities at which a pixel
displays red (R), green (G), blue (B), yellow (Ye), cyan (C),
magenta (M), and white (W) in liquid crystal display devices
of the conventional art, Comparative Examples 2 and 3, and
this preferred embodiment. The conventional liquid crystal
display device here is the same as the RGB three-primary
color liquid crystal display device that has been described
with reference to FIG. 11. The liquid crystal display devices
of Comparative Examples 2 and 3 are similar to the liquid
crystal display device of this preferred embodiment in that a
signal that indicates the Iuminances of four sub-pixels is
created from an image signal that indicates the original lumi-
nances of the respective sub-pixels in a single pixel includes
only the red, green, and blue sub-pixels in Comparative
Examples 2 and 3. The liquid crystal display device of Com-
parative Example 2 differs from the liquid crystal display
device of this preferred embodiment in that the blue sub-pixel
luminance is not corrected and that the conventional back-
light is employed. The liquid crystal display device of Com-
parative Example 3 differs from the liquid crystal display
device 100 of this preferred embodiment in that the blue
sub-pixel luminance is not corrected. The liquid crystal dis-
play device 100 of this preferred embodiment sets the blue
sub-pixel luminance to 0.6 times the original luminance when
the pixel displays cyan and magenta.

[0125] Table 5 illustrates Y values and chromaticities X, y at
which a pixel displays cyan (C) and magenta (M) in the liquid
crystal display devices of the conventional art, Comparative
Examples 2 and 3, and this embodiment.
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TABLE 5
C M
Y X y Y X ¥

Conventional art 6.62 02291 0.3234 2.63 03000 0.1616
Comparative 499 02298 0.3241 2.00 03006 0.1632
Example 2

Comparative 510 02040 0.2368 2.11 0.2455 0.1157
Example 3

Second 477 02250 03034 178 0.2915 0.1434

embodiment

[0126] The display size and resolution of the liquid crystal
display device of this preferred embodiment preferably are
equal to those of the conventional liquid crystal display
device, and the area of a single sub-pixel in the liquid crystal
display device of this preferred embodiment is smaller than
(¥4 of) the area of a single sub-pixel in the conventional liquid
crystal display device. Accordingly, the Y value in the liquid
crystal display device of this preferred embodiment is smaller
than that in the conventional liquid crystal display device, as
illustrated in Table 5.

[0127] As illustrated in FIG. 18, the chromaticity of white
in the liquid crystal display device of Comparative Example 2
is shifted in the yellow direction from the chromaticity of
white in the conventional liquid crystal display device. This is
because the liquid crystal display device of Comparative
Example 2 uses a color filter that has an additional yellow
sub-pixel.

[0128] The chromaticity of white in the liquid crystal dis-
play device of Comparative Example 3 is approximately the
same as the chromaticity of white in the conventional liquid
crystal display device, and is shifted in the blue direction from
the chromaticity of white in the liquid crystal display device
of Comparative Example 2. Accordingly, the color tempera-
ture in the liquid crystal display device of Comparative
Example 3 is higher than that in the liquid crystal display
device of Comparative Example 2. This is because the liquid
crystal display device of Comparative Example 3 uses a high
color temperature backlight. However, the chromaticities of
cyan and magenta in the liquid crystal display device of
Comparative Example 3 are shifted in the blue direction from
the cyan and magenta chromaticities in the liquid crystal
display device of Comparative Example 2, and the color tone
in the liquid crystal display device of Comparative Example 3
is shifted from the ones in the liquid crystal display devices of
the conventional art and Comparative Example 2.

[0129] In contrast, the liquid crystal display device of this
embodiment which sets the blue sub-pixel luminance to 0.6
times the original luminance when a pixel displays cyan and
magenta may have approximately the same cyan and magenta
chromaticities as those in the liquid crystal display devices of
the conventional art and Comparative Example 2, despite the
use of a high color temperature backlight. The liquid crystal
display device of this preferred embodiment may thus sup-
press a shift in color tone.

[0130] Asillustrated in Table 6, the color temperaturein the
liquid crystal display device of this preferred embodiment is
5,700K, which is higher than the color temperature (4,400 K)
in the liquid crystal display device of Comparative Example
2. Further, in the liquid crystal display device of this preferred
embodiment in which each pixel has a yellow sub-pixel, the
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NTSC ratio is slightly higher than the one in the first preferred
embodiment which is illustrated in Table 3.

TABLE 6
NTSC ratio Celor temperature
Comparative Example 2 70% 4,400 K
Second embodiment 71% 5,700 K

[0131] The liquid crystal display device of this preferred
embodiment, too, determines whether to correct Bout based
on which one of Case 1 to Case 3 applies, as has been
described in the first preferred embodiment with reference to
Table 2. Bout correction by the color tone correction circuit
120 is described below with reference to FIGS. 19A to 19D
through concrete examples. Here, the luminances of the red,
green, and blue sub-pixels that are indicated by an image
signal are denoted by Rin, Gin, and Bin, respectively, whereas
the luminances of the red, green, blue, and yellow sub-pixels
that are indicated by a signal created in the liquid crystal
display devices of this embodiment and Comparative
Example 3 are denoted by Rout, Gout, Bout, and Yeout,
respectively. As described above, a signal that indicates the
luminances of the four sub-pixels is created in the liquid
crystal display device of Comparative Example 3, but the
liquid crystal display device of Comparative Example 3 dif-
fers from the liquid crystal display device of this preferred
embodiment in that the blue sub-pixel luminance is not cor-
rected. lllustrated in FIGS. 19A to 19D are results obtained
when Yeout is a predetermined value.

[0132] Asillustrated in FIG. 19A, when Gin>Bin>Rin>0in
the liquid crystal display device of this preferred embodi-
ment, the smallest of the values of Rin, Gin, and Bin (namely,
value of Rin) is regarded as the w component and, of Gin—
Rin, which is a subtraction of this smallest value from Gin,
and Bin-Rin, which is a subtraction of this smallest value
from Bin, the smaller one (namely, value of Bin-Rin) is
regarded as the ¢ component. The value of Gin-Bin is
regarded as the g component. In this case, Bin>0 is satisfied
and the g component and the ¢ component are present as other
components than the b component and the w component. The
situation therefore matches Case 1 and the color tone correc-
tion circuit 120 makes a correction so that Bout is lower than
Bin.

[0133] Asillustrated in FIG. 19B, when Bin>Rin>Gin>0 in
the liquid crystal display device of this preferred embodi-
ment, the smallest of the values of Rin, Gin, and Bin (namely,
value of Gin) is regarded as the w component and, of Rin-
Gin, which is a subtraction of this smallest value from Rin,
and Bin-Gin, which is a subtraction of this smallest value
from Bin, the smaller one (namely, value of Rin-Gin) is
regarded as the m component. The value of Bin-Rin is
regarded as the b component. In this case, Bin>0 is satisfied
and the m component is present as an additional component to
the b component and the w component. The situation there-
fore matches Case 1 and the color tone correction circuit 120
makes a correction so that Bout is lower than Bin.

[0134] Asillustratedin FIG. 19C, when Gin=Bin=Max (for
example, 255) and Rin=0, in other words, when a pixel is to
display cyan, Gin and Bin have the same value and this value
of Gin or Bin is regarded as the ¢ component in the liquid
crystal display device of this preferred embodiment. In this
case, Bin>0 is satisfied and the c component is present as an
additional component to the b component and the w compo-
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nent. The situation therefore matches Case 1 and the color
tone correction circuit 120 makes a correction so that Bout is
lower than Bin.

[0135] Asillustrated in F1G. 19D, when Rin=Bin=Max (for
example, 255) and Gin=0, in other words, when a pixel is to
display magenta, Rin and Bin have the same value and this
value of Rin or Bin is regarded as the m component in the
liquid crystal display device of this preferred embodiment. In
this case, Bin>01s satisfied and the m component is present as
an additional component to the b component and the w com-
ponent. The situation therefore matches Case 1 and the color
tone correction circuit 120 makes a correction so that Bout is
lower than Bin.

[0136] The following description is given based on the
assumption that signals input to the liquid crystal display
device 100 are YCrCb signals, which are commonly used as
color television signals. The liquid crystal display device 100
in this case includes, as illustrated in FIG. 20, the color space
conversion unit 140, which converts YCrCb signals into RGB
signals, and the color tone correction circuit 120 processes the
RGB signals obtained through the conversion by the color
space conversion unit 140. In the liquid crystal display device
100 of this preferred embodiment, the color tone correction
circuit 120 creates a corrected image signal which indicates
the luminances of the red, green, blue, and yellow sub-pixels
(Rout, Gout, Bout, and Yeout) from an image signal which
indicates the luminances of the respective sub-pixels in a
pixel that includes only red, green, and blue sub-pixels (Rin,
Gin, and Bin).

[0137] A specific structure of the color tone correction cir-
cuit 120 is described next with reference to FIG. 21. As
illustrated in FIG. 21, the color tone correction circuit 120
includes the inverse y correction processing unit 121, the
color component extracting unit 122, the signal synthesizing
unit 123, the clipping processing unit 124, the y correction
processing unit 125, and selectors 126. The operation of the
structural components of the color tone correction circuit 120
is described below.

[0138] The inverse y correction processing unit 121
receives an image signal which indicates the original lumi-
nances of the red, green, and blue sub-pixels, Rin, Gin, and
Bin. Here, Rin, Gin, and Bin represent the luminances of the
red, green, and blue sub-pixels that have been corrected by y
correction, and pre-y correction luminances R0, G0, and B0
of the red, green, and blue sub-pixels are obtained by per-
forming inverse y correction on Rin, Gin, and Bin. Based on
the luminances R0, G0, and B0, the color component extract-
ing unit 122 extracts the r, g, b, ¢, m, ye, and w components
from a pixel color indicated by the image signal, and outputs
the extracted components to the signal synthesizing unit 123,
along with the luminances R0, G0, and B0, which are output
as luminances R1, G1, and B1. Note that Rin, Gin, and Bin
represent the luminance of the sub-pixels when a three-pri-
mary color liquid crystal display panel is employed, and R0,
GO0, B0, R1, G1, and B1 which are obtained by processing
Rin, Gin, and Bin are the same as when a three-primary color
liquid crystal display panel is employed.

[0139] The signal synthesizing unit 123 converts the lumi-
nances R1, G1, and B1 into the luminances of four primary
colors. This conversion is performed, for example, in accor-
dance with a method disclosed in JP 2005-303989 A. The
disclosed contents of JP 2005-303989 A are cited herein by
reference. Through the above-mentioned conversion, the sig-
nal synthesizing unit 123 creates a corrected image signal that
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indicates the luminances of the red, green, blue, and yellow
sub-pixels from an image signal that indicates the luminances
of the respective sub-pixels in a pixel including only red,
green, and blue sub-pixels.

[0140] The signal synthesizing unit 123 includes the lumi-
nance signal detecting section 123a, the color component
detecting section 1235, and the signal correcting section
123¢. The luminance signal detecting section 123a deter-
mines whether or not the luminance B1 of the blue sub-pixel
is larger than zero. The color component detecting section
1235 determines whether or not any of other components than
the b and w components, namely, any of the r, g, ¢, m, and ye
components takes a value other than zero. When the lumi-
nance signal detecting section 123a detects that the lumi-
nance B1 of the blue sub-pixel is larger than zero and the color
component detecting section 1235 detects that any of ther, g,
¢, m, and ye components takes a value other than zero, the
signal correcting section 123¢ calculates the product of the
luminance B1 of the blue sub-pixel and a predetermined value
(0.6 to 1) and outputs the result of the calculation to the
clipping processing unit 124 as B'. In other cases, the signal
correcting section 123¢ outputs the luminance B1 of the blue
sub-pixel thereto as B'. The predetermined value is set accord-
ing to the amount of other color components than the blue
component and the white component.

[0141] If necessary, the signal synthesizing unit 123 may
set'Ye' to a value that is not zero so that, by setting Ye', R1 and
G1 are adjusted in a manner that returns a shifted hue to the
original hue. The adjusted R1 and G1 are denoted by R' and
G'. Note that, in setting Ye' in order to return a shifted hue to
the original hue, B' does not need to be adjusted because
yellow is the complementary color to blue. The signal syn-
thesizing unit 123 subsequently outputs R', G', and Ye' to the
clipping processing unit 124. The signal synthesizing umt
123 performs hue correction processing in the manner as
described above.

[0142] The clipping processing unit 124 performs clipping
processing on the luminances R', G', B', and Ye' output from
the signal synthesizing unit 123. The y correction processing
unit 125 next performs y correction on R", G", B", and Ye",
which are obtained through the clipping processing of R', G,
B', and Ye', and outputs the corrected luminances as Rout,
Gout, Bout, and Yeout to the liquid crystal display panel 110.
[0143] The color tone correction circuit 120 in description
above preferably corrects the blue sub-pixel luminance to be
equal to or larger than 0.6 times the original luminance and
smaller than 1.0 times the original luminance. However, the
present invention is not limited thereto. The color tone cor-
rection circuit 120 may correct the blue sub-pixel luminance
to be equal to or larger than 0.4 times the original luminance
and smaller than 1.0 times the original luminance.

[0144] Inthe case where a multi-primary color liquid crys-
tal display panel is employed as the liquid crystal display
panel 110, the color tone correction circuit 120 corrects the
color tone by correcting the blue sub-pixel luminance in the
manner as described above. When it is a three-primary color
liquid crystal display panel that is employed as the liquid
crystal display panel 110, the color tone correction circuit 120
does not need to correct the color tone. In this case, a switch
is made among the selectors 126 so that Rin, Gin, and Bin
indicated by the image signal are output as Rout, Gout, and
Bout, respectively. In this manner, signal processing may be
switched among as many types as the number of the primary
colors of the liquid crystal display panel 110.
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[0145] As may be understood from the comparison
between this preferred embodiment (Second preferred
embodiment) and Comparative Example 3 in Table 5, in
terms of chromaticities at which magenta and cyan are dis-
played, this preferred embodiment is closer to the conven-
tional liquid crystal display device than Comparative
Example 3 is. In terms of luminance, on the other hand,
Comparative Example 3 is closer to the conventional liquid
crystal display device than this embodiment is. In short, in
this preferred embodiment, the optimization of the chroma-
ticity is given priority over luminance optimization by low-
ering the blue sub-pixel luminance from its original lumi-
nance. This way, an image having a natural color tone may be
displayed without impairing the color appearance of the
original image even in a color gamut in which there are no
additional sub-pixels.

[0146] In the liquid crystal display device of this preferred
embodiment which has an additional yellow sub-pixel, the
luminance of the yellow sub-pixel may be set arbitrarily as the
need arises as described above, and accordingly the Y value
may be increased by setting the luminance of the yellow
sub-pixel high.

[0147] What color is favorably suitable to color tone cor-
rection in the liquid crystal display device of this preferred
embodiment is described below with reference to FIG. 22.
FIG. 22 is a chromaticity diagram showing a schematic repro-
ducible color gamut in the liquid crystal display device of this
preferred embodiment. In FIG. 22, R, G, B, and Ye corre-
spond to the red, green, blue, and vellow sub-pixels, and W
corresponds to white. This diagram, too, illustrates the chro-
maticity of white as equal to the chromaticity of black. In FIG.
22, gye represents a range in which the green component and
the yellow component are the main components, and r, g, b,
ve, ¢, and m each represents a color component that consti-
tutes one of the main components in a range in question.
[0148] The liquid crystal display device of this preferred
embodiment has a yellow sub-pixel in addition to the sub-
pixels of a common three-primary color liquid crystal display
device. Therefore, when a pixel displays a color containing
the yellow component, in other words, when a color within
the gye and rye ranges illustrated in FIG. 22 is displayed, the
luminances of the red sub-pixel and the green sub-pixel may
be set lower than their original luminances while the lowered
luminances are supplemented by the yellow sub-pixel. The
blue sub-pixel luminance in this case may be equal to its
original luminance. In other words, when a pixel displays a
color that does not contain the yellow component and that
contains at least one color component that is other than the
yellow component (typically cyan and magenta), the color
tone correction circuit 120 (see FIG. 20) may make a correc-
tion to set the blue sub-pixel luminance lower than its original
luminance. By thus lowering the blue sub-pixel luminance
when a color that does not contain the yellow component is
displayed, a high color temperature is achieved and the back-
light of the display device may be manufactured from a fluo-
rescent material that has excellent luminance efficiency and
mass-producibility. As a result, a fine quality image may be
displayed at low cost without losing the brightness.

[0149] FIG. 23 illustrates chromaticities at which a pixel
displays red (R), green (G), blue (B), yellow (Ye), cyan (C),
magenta (M), and white (W) in the liquid crystal display
devices of the conventional art and Comparative Example 3.
FIG. 23 also illustrates chromaticities at which a pixel dis-
plays cyan (C) and magenta (M) in liquid crystal display

Apr. 15,2010

devices of this embodiment (a), this embodiment (b), and
Comparative Example 4. “Second embodiment (a)” of FIG.
23 is similar to “second embodiment™ shown in FIG. 18 and
illustrates the result of setting the blue sub-pixel luminance to
0.7 times the original luminance when a pixel displays
magenta and cyan. “Second embodiment (b)” of FIG. 23
illustrates the result of setting the blue sub-pixel luminance to
0.7 times the original luminance and multiplying the lumi-
nance of the yellow sub-pixel by 1.1 when a pixel displays
magenta and cyan. The liquid crystal display device of “con-
ventional art” of FIG. 23 illustrates the same result that is
illustrated by the liquid crystal display device of “conven-
tional art” of FIG. 18. The liquid crystal display device of
“Comparative Example 4” of FIG. 23 illustrates the result of
multiplying the luminance of the yellow sub-pixel by 1.1
without correcting the blue sub-pixel luminance when a pixel
displays magenta and cyan. Table 7 illustrates Y values and
chromaticities x, y at which a pixel displays cyan (C) and
magenta (M) in the liquid crystal display devices of this
embodiment (a) and this embodiment (b).

TABLE 7
C M
Y X y Y X y
this embodiment (a)  4.85 0.2184 0.2826 1.87 0.2805 0.1490
this embodiment (b)  5.51 0.2345 0.2991 2.53 0.2911 0.1667

[0150] As may be understood from a comparison between
Tables 5 and 7 and from FIG. 23, this embodiment (b) pre-
vents a reduction in sub-pixel area from lowering the Y value
and optimizes the pixel luminance by multiplying the lumi-
nance of the yellow sub-pixel by 1.1 in addition to setting the
blue sub-pixel luminance to 0.7 times the original luminance.
This embodiment (b) thus brings the chromaticities of cyan
and magenta closer to the cyan and magenta chromaticities in
the conventional liquid crystal display device, and a shift in
color tone may be suppressed as a result.

[0151] As seen from Comparative Example 4 of FIG. 23,
increasing the luminance of the yellow sub-pixel without
lowering the blue sub-pixel luminance causes a rapid change
in chromaticity toward white. It is therefore preferable for the
color tone correction circuit 120 to give priority to lowering
the blue sub-pixel luminance over increasing the luminance
of the yellow sub-pixel.

Third Preferred Embodiment

[0152] A liquid crystal display device of a third preferred
embodiment according to the present invention is described
below with reference to FIGS. 24 to 28. The liquid crystal
display device of this preferred embodiment differs from the
liquid crystal display device of the second preferred embodi-
ment in that each pixel has a cyan sub-pixel in addition to the
red, green, blue, and yellow sub-pixels. The liquid crystal
display device of this preferred embodiment preferably has
the same structure as that of the above-mentioned liquid
crystal display device of the second preferred embodiment,
and descriptions on overlapping points are omitted in order to
avoid redundancy.

[0153] FIG. 24 illustrates five sub-pixels that are contained
within a single pixel in a liquid crystal display device 100 of
this preferred embodiment, namely, red (R), green (G), blue
(B), yellow (Ye), and cyan (C) sub-pixels. FIG. 25 illustrates
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transmittances of color filter elements which correspond to
the sub-pixels in the liquid crystal display device 100 of this
preferred embodiment. In FIG. 25, C represents a transmit-
tance at which the color filter element of the cyan sub-pixel
transmits light of varying wavelengths. R, G, B, and Ye rep-
resent transmittances at which the color filter elements of the
red, green, blue, and yellow sub-pixels transmit light of vary-
ing wavelengths, and the transmittances of FIG. 25 are the
same as the color filter transmittances of varying wavelengths
in the red, green, blue, and yellow sub-pixels which have been
described with reference to FIG. 16.

[0154] Inthe liquid crystal display device of this preferred
embodiment, too, as in the second preferred embodiment,
owing to the inclusion of the yellow sub-pixel in a pixel, a
color displayed by a pixel gives a yellowish overtone and
lowers the color temperature. The liquid crystal display
device of this preferred embodiment therefore achieves a
predetermined color temperature by using a high color tem-
perature backlight.

[0155] FIG. 26 illustrates the spectra of backlights in the
liquid crystal display device of this preferred embodiment
and a three-primary color liquid crystal display device. The
backlights used here are cold cathode fluorescent lamps
(CCFLs). In FIG. 26, the spectrum of the CCFL in the liquid
crystal display device of this preferred embodiment is illus-
trated in solid line, and the spectrum of the CCFL used as the
backlight in the three-primary color liquid crystal display
device is illustrated in broken line. The three-primary color
CCFL is fabricated so as to suit RGB three-primary color
liquid crystal display devices. As is understood from F1G. 26,
the spectrum of the CCFL in this embodiment is such that the
intensity at a wavelength corresponding to blue is higher than
the one in the three-primary color CCFL, whereas the inten-
sities at wavelengths corresponding to red and green are lower
than the ones in the three-primary color CCFL.

[0156] What color is favorably suitable to color tone cor-
rection in the liquid crystal display device of this preferred
embodiment is described below with reference to FIG. 27.
FIG. 27 is a chromaticity diagram showing a schematic repro-
ducible color gamut in the liquid crystal display device of this
preferred embodiment.

[0157] The liquid crystal display device of this preferred
embodiment has a yellow sub-pixel and a cyan sub-pixel in
addition to the sub-pixels of a common three-primary color
liquid crystal display device. Therefore, when a color within
the gye and rye ranges illustrated in FIG. 27 is displayed, the
luminances of the red sub-pixel and the green sub-pixel may
be set lower than their original luminances while the lowered
luminances are supplemented by the yellow sub-pixel, and
when a color within the be and ge ranges illustrated in F1G. 27
is displayed, the luminances of the blue sub-pixel and the
green sub-pixel may be set lower than their original lumi-
nances while the lowered luminances are supplemented by
the cyan sub-pixel. The blue sub-pixel luminance in this case
may be equal to its original luminance. In other words, when
a pixel displays a color that does not contain the yellow
component and the cyan component and that contains at least
one color component that is other than the yellow component
and the cyan component (typically magenta), the color tone
correction circuit 120 (see FIG. 20) may make a correction to
set the blue sub-pixel luminance lower than its original lumi-
nance. By thus lowering the blue sub-pixel luminance when a
color that does not contain the yellow component is dis-
played, a high color temperature is achieved and the backlight
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of the display device may be manufactured from a fluorescent
material that has excellent luminance efficiency and mass-
producibility. As a result, a fine quality image may be dis-
played at low cost without losing the brightness.

[0158] FIG. 28 illustrates chromaticities at which a pixel
displays red (R), green (G), blue (B), yellow (Ye), cyan (C),
magenta (M), and white (W) in liquid crystal display devices
of Comparative Examples 5 and 6, and this preferred embodi-
ment. The liquid crystal display device of Comparative
Example 5 differs from the liquid crystal display device of
this preferred embodiment in that the blue sub-pixel lumi-
nance is not corrected and that a three-primary color CCFL is
used as a backlight. The liquid crystal display device of Com-
parative Example 6 differs from the liquid crystal display
device of this preferred embodiment in that the blue sub-pixel
luminance is not corrected. Note that the liquid crystal display
device of this preferred embodiment sets the blue sub-pixel
luminance to 0.5 times the original luminance when the pixel
displays cyan and to 0.8 times the original luminance when
the pixel displays magenta. Table 8 illustrates Y values and
chromaticities x, y at which a pixel displays cyan (C) and
magenta (M) in the liquid crystal display devices of the con-
ventional art, Comparative Example 6, and this preferred
embodiment. The liquid crystal display device of “conven-
tional art” in Table 8 illustrates the results of using a three-
primary color CCFL as a backlight in a conventional three-
primary color liquid crystal display device.

TABLE 8
C M
Y X y Y X y
Conventional art 6.72  0.1935 0.2620 3.27 0.2888 0.1417
Comparative 6.55 0.1747 0.1880 2.09 0.2658 0.1276
Example 6
Third embodiment 6.17 0.1811 0.2152 194 0.2873 0.139%4

[0159] As illustrated in FIG. 28, the chromaticity of white
in the liquid crystal display device of Comparative Example 6
is shifted in the blue direction from the chromaticity of white
in the liquid crystal display device of Comparative Example
5, and the color temperature is higher in the liquid crystal
display device of Comparative Example 6 than in the liquid
crystal display device of Comparative Example 5. This is
because the liquid crystal display device of Comparative
Example 6 uses a high color temperature backlight. However,
the chromaticities of cyan and magenta in the liquid crystal
display device of Comparative Example 6 are shifted in the
blue direction from the ones in the liquid crystal display
device of Comparative Example 5, thereby causing a shift
from the color tone of the liquid crystal display device of
Comparative Example 5.

[0160] Incontrast,since the liquid crystal display device of
this preferred embodiment sets the blue sub-pixel luminance
t0 0.5 times and 0.8 times the original luminance when a pixel
displays cyan and magenta, respectively, the liquid crystal
display device may have approximately the same cyan and
magenta chromaticities as those in the liquid crystal display
device of Comparative Example 5, despite the use of a high
color temperature backlight.

[0161] The color temperature in the liquid crystal display
device of this preferred embodiment is 12,700 K, which is
higher than the color temperature (8,600 K) in the liquid
crystal display device of Comparative Example 5, as illus-
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trated in Table 9. Also, the liquid crystal display device of this
preferred embodiment has yellow and cyan sub-pixels in each
pixel in addition to red, green, and blue sub-pixels, and has a
higher NTSC ratio than those of the first preferred embodi-
ment and the second preferred embodiment which are illus-
trated in Tables 3 and 6.

TABLE 9
NTSC ratic Color temperature
Comparative Example 5 79% 8,600 K
Third embodiment 80% 12,700 K

[0162] As in the liquid crystal display device of the second
preferred embodiment described with reference to FIG. 21,
the color tone correction circuit 120 in the liquid crystal
display device 100 of this preferred embodiment creates a
corrected image signal that indicates the luminances of the
sub-pixels of five primary colors from an image signal that
indicates the original luminances of the sub-pixels of three
primary colors.

[0163] In the description above, the blue sub-pixel lumi-
nance set when a pixel displays cyan is 0.5 times the original
luminance, and the blue sub-pixel luminance set when a pixel
displays magenta is 0.8 times the original luminance, but the
present invention is not limited thereto. The ratio of the blue
sub-pixel luminance set when a pixel displays cyan to the
original luminance may be equal to the ratio of the blue
sub-pixel luminance set when a pixel displays magenta to the
original luminance. However, the ratio of the blue sub-pixel
luminance set when a pixel displays magenta is preferably
smaller than the ratio of the blue sub-pixel luminance set
when a pixel displays cyan because, while the presence of the
cyan sub-pixels enables the liquid crystal display device of
this preferred embodiment to achieve an appropriate color
appearance by increasing the luminance of the cyan sub-pixel
despite the lowered blue sub-pixel luminance, the liquid crys-
tal display device of this preferred embodiment does not have
a magenta sub-pixel.

[0164] FIGS. 29 and 30 illustrate the spectrum locus and
the dominant wavelength. As illustrated in FIG. 29, in the
liquid crystal display devices of the first preferred embodi-
ment and the second embodiment, a sub-pixel whose domi-
nant wavelength is 597 nm to less than 780 nm is called a red
sub-pixel, a sub-pixel whose dominant wavelength is 558 nm
to less than 597 nm is called a yellow sub-pixel, a sub-pixel
whose dominant wavelength is 488 nm to less than 558 nm is
called a green sub-pixel, and a sub-pixel whose dominant
wavelength is 380 nm to less than 488 nm is called a blue
sub-pixel.

[0165] Asillustrated in FIG. 30, in the liquid crystal display
device of the third preferred embodiment, a sub-pixel whose
dominant wavelength is 605 nm to less than 635 nm is called
a red sub-pixel, a sub-pixel whose dominant wavelength is
565 nm to less than 580 nm is called a yellow sub-pixel, a
sub-pixel whose dominant wavelength is 520 nm to less than
550 nm is called a green sub-pixel, a sub-pixel whose domi-
nant wavelength is 475 nm to less than 500 nm is called a cyan
sub-pixel, and a sub-pixel whose dominant wavelength is less
than 470 nm is called a blue sub-pixel. A comparison between
FIG. 29 and FIG. 30 illustrates that the range of the dominant
wavelength corresponding to the cyan sub-pixel in the third
preferred embodiment partially overlaps with the range of the
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dominant wavelength corresponding to the green sub-pixel in
the first preferred embodiment and the second preferred
embodiment.

[0166] The function blocks that the color tone correction
circuit 120 has in the liquid crystal display devices 100 of the
above-mentioned first to third preferred embodiments, spe-
cifically, the inverse y correction processing unit 121, the
color component extracting unit 122, the signal synthesizing
unit 123, the clipping processing unit 124, and the y correc-
tion processing unit 125, may be implemented by hardware.
Alternatively, some of or all of those functional blocks may be
implemented by software.

[0167] In the case where the above-mentioned function
blocks are implemented by software, the color tone correction
circuit 120 is configured with the use of a computer. This
computer has a central processing unit (CPU) for executing
various programs, a random access memory (RAM) function-
ing as a workspace in which those programs are executed, and
others. A color tone correction program for implementing the
above-mentioned function block is run on the above-men-
tioned computer, to thereby cause the computer to operate as
the function blocks.

[0168] The color tone correction program may be supplied
to the computer from a recording medium in which the pro-
gram is recorded, or may be supplied to the computer over a
communication network. The recording medium in which the
color tone correction program is recorded may be detachable
from the computer, or may be incorporated in the computer.
This recording medium may be of a type that is loaded to the
computer so that the computer may directly read a recorded
program code, or a type thatis loaded to be read via a program
reading device, which is connected to the computer as exter-
nal storage.

[0169] Examples of a medium that is employable as the
above-mentioned recording medium include tape type media
such as magnetic tapes and cassette tapes, disk type media
such as magnetic disks (e.g., flexible disks and hard disks)
and optical disks (e.g., CD-ROMs, MOs, MDs, DVDs, CD-
Rs), card type media such as IC cards (including memory
cards) and optical cards, and semiconductor memories such
as mask ROMs, erasable programmable read only memories
(EPROMs), electrically erasable programmable read only
memories (EEPORMs), and Flash ROMs.

[0170] In the case where the above-mentioned color tone
correction program is preferably supplied over a communi-
cation network, the color tone correction program takes the
form of a carrier wave or a data signal string in which a
program code of the color tone correction program is embod-
ied through electronic transfer.

[0171] The liquid crystal display device of this preferred
embodiment preferably uses five primary colors but the
present invention is not limited thereto. The liquid crystal
display device may use six primary colors, which are, for
example, RGBYeCM, or may be RIGBYeCR2 by the use of
red (R2) instead of magenta (M). In this case, R1 and R2 may
have the same chromaticity or different chromaticities.
[0172] A liquid crystal display device according to various
preferred embodiments of the present invention is favorably
applied to, for example, monitors for personal computers,
liquid crystal television sets, liquid crystal projectors, and
display sections of cellular phones.

[0173] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
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in the art without departing the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

1-21. (canceled)

22. A liquid crystal display device, comprising:

aliquid crystal display panel which includes a pixel defined
by at least three sub-pixels including a blue sub-pixel;

a backlight arranged to emit, toward the liquid crystal
display panel, light that brings a color temperature to a
predetermined level when the pixel displays white; and

a color tone correction section arranged to correct a color
tone of a color displayed by the pixel; wherein

when the pixel displays a color containing at least one
predetermined color component that is other than a
white component and a blue component, the color tone
correction section makes a correction to set a luminance
of the blue sub-pixel lower than an original luminance.

23. The liquid crystal display device according to claim 22,
wherein the at least one predetermined color component is a
magenta component or a cyan component.

24. The liquid crystal display device according to claim 22,
wherein, when the pixel displays a color that contains only the
blue component, a color that contains only the white compo-
nent, or a color that contains only the white component and
the blue component, the color tone correction section makes
a correction to set the luminance of the blue sub-pixel lower
than the original luminance.

25. The liquid crystal display device according to claim 22,
wherein, when the pixel displays a color that contains only the
blue component, a color that contains only the white compo-
nent, or a color that contains only the white component and
the blue component, the color tone correction section does not
make a correction on the luminance of the blue sub-pixel and
the luminance of the blue sub-pixel is equal to the original
luminance.

26. The liquid crystal display device according to claim 22,
wherein a maximum luminance of the blue sub-pixel that is
set when the pixel displays an arbitrary color containing the at
least one predetermined color component is lower than the
luminance of the blue sub-pixel that is set when the pixel
displays at least one of white and blue.

27. The liquid crystal display device according to claim 22,
wherein the color tone correction section creates a corrected
image signal that indicates luminances to be actually pre-
sented by the at least three sub-pixels, from an image signal
that indicates original luminances of a red sub-pixel, a green
sub-pixel, and the blue sub-pixel in a pixel that is formed only
of the red sub-pixel, the green sub-pixel, and the blue sub-
pixel.

28. The liquid crystal display device according to claim 27,
wherein the color tone correction section includes:

a color component extracting unit arranged to extract a
color component from a color of the pixel that is indi-
cated by the image signal; and

a signal synthesizing unit which is arranged to create,
based on the original luminance of the blue sub-pixel
and the color component, the corrected image signal in a
manner that makes the luminance to be actually pre-
sented by the blue sub-pixel lower than the original
luminance.
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29. The liquid crystal display device according to claim 22,
wherein the at least three sub-pixels include a red sub-pixel
and a green sub-pixel.

30. The liquid crystal display device according to claim 29,
wherein the at least three sub-pixels further include a yellow
sub-pixel.

31. The liquid crystal display device according to claim 30,
wherein the color tone correction section sets a luminance of
the yellow sub-pixel to a predetermined value.

32. The liquid crystal display device according to claim 29,
wherein, when the pixel displays a color which is free of a
yellow component and which contains at least one color
component other than the yellow component, the color tone
correction section makes a correction to set the luminance of
the blue sub-pixel lower than the original luminance.

33. The liquid crystal display device according to claim 30,
wherein the at least three sub-pixels further include a cyan
sub-pixel.

34. The liquid crystal display device according to claim 33,
wherein, when the pixel displays a color which is free of the
yellow component and a cyan component and which contains
at least one color component other than the yellow component
and the cyan component, the color tone correction section
makes a correction to set the luminance of the blue sub-pixel
lower than the original luminance.

35. A liquid crystal display device comprising a pixel that
is defined by at least three sub-pixels including a blue sub-
pixel,

wherein a maximum luminance of the blue sub-pixel that is

set when the pixel displays an arbitrary color containing
at least one predetermined color component that is other
than a white component and a blue component is lower
than a luminance of the blue sub-pixel that is set when
the pixel displays at least one of white and blue.

36. The liquid crystal display device according to claim 35,
wherein the at least one predetermined color component is a
magenta component or a cyan component.

37. The liquid crystal display device according to claim 35,
wherein the at least three sub-pixels include a red sub-pixel
and a green sub-pixel.

38. The liquid crystal display device according to claim 37,
wherein the at least three sub-pixels further include a yellow
sub-pixel.

39. The liquid crystal display device according to claim 38,
wherein the at least three sub-pixels further include a cyan
sub-pixel.

40. A liquid crystal display device comprising a pixel con-
taining a red sub-pixel, a green sub-pixel, and a blue sub-
pixel, wherein a luminance of the blue sub-pixel that is set
when the pixel displays magenta and a luminance of the blue
sub-pixel that is set when the pixel displays cvan are lower
than a luminance of the blue sub-pixel that is set when the
pixel displays white.

41. The liquid crystal display device according to claim 40,
wherein the pixel further includes a yellow sub-pixel.

42. The liquid crystal display device according to claim 41,
wherein the pixel further includes a cyan sub-pixel.
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