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FIG. 3
d=3.8 u m ¥ Characteristics For Respective Colors
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FIG. 6

Luminosity Factor (Gradation Luminance Ratio)
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FIG. 9
d=4.2 um Y Characteristics For Respective Colors
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Transmittance At Different Wavelength Obtained
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FIG. 21
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FIG. 23
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING SAME

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device which displays a color image with the use of color
filters of plural colors and a method for driving the liquid
crystal display device.

BACKGROUND ART

[0002] Liquid crystal display devices are flat display
devices which have excellent features such as high definition,
low profile, light weight, and low power consumption. In
recent years, a market scale of liquid crystal display devices
has been rapidly increasing due to improved display perfor-
mance, increased production capacity, and improved price
competitiveness against other display devices.

[0003] Inatwisted nematic mode (TN mode) liquid crystal
display device which is widely used today, long axes of liquid
crystal molecules having positive dielectric anisotropy are
aligned substantially parallel to a substrate surface, and the
long axes of the liquid crystal molecules are twisted by sub-
stantially 90° between upper and lower substrates along a
thickness direction of a liquid crystal layer. When a voltage is
applied to the liquid crystal layer, the liquid crystal molecules
are aligned parallel to an electric field, and twist alignment is
eliminated. In a TN mode liquid crystal display device, light
transmittance is controlled by utilizing a change in optical
rotation caused by a change in alignment of liquid crystal
molecules which occurs due to voltage application.

[0004] In designing a panel of such a liquid crystal display
device, it is necessary that retardation of light be a desired
value in order to realize as high transmittance as possible.
[0005] Here, a retardation value u is determined by the
following equation:

u=2And/\

[0006] where An is refractive index anisotropy (birefrin-
gence) of a liquid crystal material, d is a cell thickness, and A
is a wavelength of light. According to the equation, the thick-
ness (also referred to as cell thickness) of a liquid crystal layer
of a liquid crystal display panel is determined based on the
refractive index anisotropy An which is determined based on
the type of the liquid crystal material, the wavelength A of
light used as a standard, and the retardation value u for obtain-
ing the desired transmittance.

[0007] Generally, in a TN mode liquid crystal display
device which displays a color image of mixed colors of R, G,
and B, a cell thickness of a liquid crystal panel is determined
on the basis of retardation which is based on the wavelength
of blue light, which has the shortest wavelength among the
three colors (red (R), green (G), and blue (B)) of color filters
(see Patent Literature 1, for example).

CITATION LIST
Patent Literature 1

[0008] Japanese Patent Application Publication, Tokukai-
sho, No. 61-98330 A (Publication Date: May 16, 1986)
SUMMARY OF INVENTION
Technical Problem

[0009] However, in a case where a cell thickness is deter-
mined on the basis of the wavelength of blue light which is the
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shortest wavelength as above, there occurs a problem that
sufficient transmittance cannot be obtained in pixels of green
and red which have longer wavelength than blue light.
[0010] FIG. 24 shows how transmittance of a liquid crystal
display panel changes depending on a wavelength in a case
where a cell thickness is determined in accordance with a
current method for determining the cell thickness of a liquid
crystal display panel such that a retardation value becomes
optimum at the wavelength of blue which is the shortest
wavelength. As shown in FIG. 24, transmittance of blue pix-
els has an optimum value (1 in this case) since a cell thickness
of a current liquid crystal display panel is designed so that
retardation becomes optimum at the wavelength of blue.
Meanwhile, transmittance of green and red pixels is lower
than the optimum value.

[0011] For example, Patent Literature 1 discloses that in a
case where refractive index anisotropy An of a liquid crystal
material is 0.18 and where a thickness (cell thickness) of a
liquid crystal layer is 7 mm, a blue pixel has transmittance of
100%, whereas a green pixel and a red pixel have reduced
transmittance of 98% and 88%, respectively.

[0012] In the multi-color liquid crystal display device dis-
closed in Patent Literature 1, transmittance of pixels having
colors other than blue is improved by causing a liquid crystal
layer to have different thicknesses above blue, green, and red
pixels. However, the technique disclosed in Patent Literature
1 of changing a cell thickness depending on a pixel color
complicates a panel manufacturing process. Moreover, there
is a problem that even a slight misalignment between an
active matrix substrate and a counter substrate causes cell
thicknesses for the respective colors to be different from
optimum values.

[0013] The present invention was attained in view of the
above problems, and an object of the present invention is to
provide a color liquid crystal display device in which trans-
mittance of pixels having colors whose wavelengths are not
the shortest one is improved without changing a pixel struc-
ture depending on color.

Solution to Problem

[0014] In order to attain the above object, a liquid crystal
display device includes a liquid crystal display panel which
has pixels of different colors and which displays a color
image with use of the pixels, the liquid crystal display panel
including two substrates and a liquid crystal layer sand-
wiched between the two substrates, and the liquid crystal
layer having a thickness that is determined on a basis of a
retardation value which is based on light which has a wave-
length larger than light having shortest wavelength among
light of the different colors.

[0015] Ingeneral, athickness (also referred to as cell thick-
ness) is determined based on birefringence An which is deter-
mined based on the type of a liquid crystal material, a wave-
length A of light used as a standard, and a retardation value u
for obtaining desired transmittance. That is, the cell thickness
is determined on the basis of light having a specific wave-
length so that desired transmittance can be obtained in a liquid
crystal display device. In a conventional color liquid crystal
display device which displays a color image with use of pixels
of difference colors, a cell thickness is determined on the
basis of light of a color having the shortest wavelength among
the different colors so that optimum transmittance can be
obtained in pixels ofthe color having the shortest wavelength.
For example, in a case where the liquid crystal display device
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has pixels of red, green, and blue, the cell thickness is deter-
mined on the basis of a retardation value which is based on a
wavelength of blue light so that optimum transmittance can
be obtained in blue pixels. However, according to this cell
thickness determining method, sufficient transmittance can-
not be obtained in pixels (e.g., red pixels and green pixels) of
colors having wavelengths other than the shortest wave-
length.

[0016] Inview ofthis, in the present invention, a cell thick-
ness is determined on the basis of a retardation value which is
based on light having a larger wavelength than light having
the shortest wavelength among light having colors of pixels.
[0017] According to the arrangement, transmittance can be
improved in pixels of colors having wavelengths other than
the shortest wavelength.

[0018] Forexample,inaliquidcrystal display device which
displays a multi-color image in a mixture color of red (R),
green (G), and blue (B), a transmittance ratio among R, G, and
B ofa color filter (specifically, a luminance ratio among R, G,
and B of the color filter illuminated by a white light source) is
(1.3 t0 2.0):(3.0 to 7.0):1 in a case where blue is used as a
standard. That is, green and red, each of which has a longer
wavelength than blue, make higher contribution to transmit-
tance obtained in a case where R, G, and B are mixed, as
compared to blue.

[0019] Overall transmittance obtained by multiplying
transmittance of R, G, and B can be made higher in a case
where a cell thickness is determined on the basis of green or
red each of which has a longer wavelength than blue, as
compared with a case where a cell thickness is determined on
the basis of blue having the shortest wavelength. A right end
column of FIG. 23 shows a ratio of (i) transmittance obtained
in a case where a cell thickness is determined on the basis of
B (B optimum), (ii) transmittance obtained in a case where a
cell thickness is determined on the basis of G (G optimum),
and (iii) transmittance obtained in a case where a cell thick-
ness is determined on the basis of R (R optimum). In FIG. 23,
the transmittance obtained in a case where the cell thickness
is determined on the basis of B (B optimum) is set to 100%.
Note that the upper table of FIG. 23 shows values obtained in
a case where no digital y processing is carried out (i.e., case
where only the process of changing a cell thickness is carried
out), and the lower table of FIG. 23 shows values obtained in
a case where the digital y processing is carried out.

[0020] According to the arrangement, transmittance of a
displayed image can be improved, but there occurs a problem
that grayscale inversion occurs in image data supplied to
pixels of a color having a shorter wavelength than a wave-
length based on which the cell thickness is determined. The
grayscale inversion is a phenomenon by which transmittance
of'an image obtained by a low gradation value is made higher
than transmittance of an image obtained by a high gradation
value.

[0021] In view of this, the liquid crystal display device of
the present invention is preferably arranged to further include
a gradation conversion section that carries out gradation value
shifting processing of shifting input gradation values to lower
gradation values with respect to image data supplied to pixels
having a color which has a shorter wavelength than the wave-
length based on which the thickness of the liquid crystal layer
is determined.

[0022] According to the arrangement, the liquid crystal
display device includes a gradation conversion section that
carries out gradation value shifting processing of shifting
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input gradation values to lower gradation values with respect
to image data supplied to pixels having a color which has a
shorter wavelength than the wavelength based on which the
thickness of the liquid crystal layer is determined. This makes
it possible to prevent grayscale inversion in the pixels having
the color which has the shorter wavelength, thereby allowing
an improvement in quality of a displayed image.

[0023] TItis preferable that the gradation value shifting pro-
cessing is processing for shifting the highest gradation value
to a gradation value that is lower than the highest gradation
value by 1 so that the gradation value at which grayscale
inversion occurs is not used.

[0024] The liquid crystal display device of the present
invention is preferably arranged such that the gradation value
shifting processing varies depending on the color of the pix-
els.

[0025] In a case where the grayscale inversion occurs, the
lowest gradation value in a high gradation region in which
grayscale inversion occurs varies depending on a color of
image data.

[0026] According to the arrangement, in which the grada-
tion value shifting processing varies depending on the color
of the pixels, it is possible to carry out desirable gradation
conversion processing with respect to each of the image data
of different colors.

[0027] Carrying out gradation value shifting processing
which varies depending on the color of the pixels means that
even if the image data of the different colors have the same
target gradation (same input gradation), output gradation is
caused to vary depending on the color so that a gradation
voltage which varies depending on the color is supplied to a
pixel electrode. Further, in a case where the gradation value
shifting processing is carried out with reference to look-up
tables, carrying out gradation value shifting processing which
varies depending on the color of the pixels means that the
gradation value shifting processing is carried out with refer-
ence to look-up tables which are different from one color to
another.

[0028] The liquid crystal display device of the present
invention is preferably arranged to further include a pseudo
multi-gradation section which carries out pseudo multi-gra-
dation processing with respect to the image data that has been
subjected to the gradation value shifting processing in the
gradation conversion section.

[0029] According to the arrangement, by carrying out the
pseudo multi-gradation processing with respect to the image
data that has been subjected to the gradation value shifting
processing, it is possible to suppress a reduction in gradation
expressing capability caused by a reduction in the number of
available gradations.

[0030] The liquid crystal display device of the present
invention is preferably arranged such that the gradation con-
version section has a look-up table in which input gradation
values are associated with output gradation values.

[0031] According to the arrangement, the gradation con-
version processing can be carried out with reference to the
look-up table. This makes it possible to more easily carry out
the conversion processing and to simplify configurations of
circuits etc. necessary for the data conversion processing.
[0032] The liquid crystal display device of the present
invention may be arranged such that the liquid crystal display
panel is constituted by pixels of blue, green, and red, and the
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thickness of the liquid crystal layer is determined on a basis of
a retardation value which is based on a wavelength of green
light or red light.

[0033] According to the arrangement, a cell thickness is
determined on the basis of a retardation value which is based
on the wavelength of green or red each of which has a longer
wavelength than blue among the three colors of the pixels.
Accordingly, the cell thickness can be determined so that
transmittance becomes optimum for image data having the
selected color.

[0034] The liquid crystal display device may be arranged
such that the liquid crystal display panel is constituted by
pixels of blue, green, and red, and the thickness of the liquid
crystal layer is determined on a basis of a retardation value
which is based on a wavelength of green light.

[0035] Human eyes have high sensitivity to green light, and
therefore tend to feel higher brightness as transmittance of
green pixels becomes higher.

[0036] According to the arrangement, the thickness of the
liquid crystal layer is determined so that transmittance
becomes optimum in the green pixels. Accordingly, it is pos-
sible to display an image which allows human eyes to feel
higher brightness.

[0037] The liquid crystal display device of the present
invention may be arranged such that the liquid crystal display
panel is constituted by pixels of blue, green, and red, and the
thickness of the liquid crystal layer is determined on a basis of
aretardation value which is based on a wavelength of red light
or a wavelength that is longer than the wavelength of the red
light.

[0038] According to the arrangement, the cell thickness can
be made larger as compared with the case where the cell
thickness is determined on the basis of blue or green light. The
thinner the cell thickness becomes, the more remarkable dete-
rioration in quality caused by mixing in of dust etc. becomes.
In a case where the cell thickness is determined on a basis of
a wavelength of red light or a wavelength that is longer than
the wavelength of the red light, the cell thickness can be made
as large as 4.0 um to 4.5 um, which is larger as compared with
the case where the cell thickness is determined on the basis of
blue light. Accordingly, itis possible to suppress deterioration
in panel quality caused by mixing in of dust etc.

[0039] In order to attain the above object, a method for
driving a liquid crystal display device including a liquid crys-
tal display panel which has pixels of different colors and
which displays a color image with use of the pixels, the liquid
crystal display panel including two substrates and a liquid
crystal layer sandwiched between the two substrates, includes
the steps of: (a) determining a thickness of the liquid crystal
layer on a basis of a retardation value which is based on light
which has a wavelength larger than light having shortest
wavelength among light of the different colors; and (b) car-
rying out gradation value shifting processing of shifting input
gradation values to lower gradation values with respect to
image data supplied to pixels having a color which has a
shorter wavelength than the wavelength based on which the
thickness of the liquid crystal layer is determined.

[0040] According to the method, the cell thickness is deter-
mined on a basis of a retardation value which is based on a
wavelength of light which has a larger wavelength than light
having shortest wavelength among light of the different col-
ors. Accordingly, transmittance can be improved in pixels of
colors having wavelengths other than the shortest wave-
length.
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[0041] According to the method, gradation value shifting
processing of shifting input gradation values to lower grada-
tion values is carried out with respect to image data supplied
to pixels having a color which has a shorter wavelength than
the wavelength based on which the cell thickness is deter-
mined. This makes it possible to prevent grayscale inversion
in the pixels having the color which has the shorter wave-
length, thereby allowing an improvement in quality of a dis-
played image.

[0042] In the method of the present invention, it is prefer-
able that the gradation value shifting processing carried out in
the step (b) varies depending on the color of the pixels.
[0043] In a case where the grayscale inversion occurs, the
lowest gradation value in a high gradation region in which
grayscale inversion occurs varies depending on a color of
image data.

[0044] According to the method, in which the gradation
value shifting processing varies depending on the color of the
pixels, it is possible to carry out desirable gradation conver-
sion processing with respect to each of the image data of
different colors.

[0045] The method of the present invention preferably
includes the step of (c) carrying out pseudo multi-gradation
processing with respect to the image data that has been sub-
jected to the gradation value shifting processing.

[0046] According to the method, by carrying out the pseudo
multi-gradation processing with respect to the image data that
has been subjected to the gradation value shifting processing,
it is possible to suppress a reduction in gradation expressing
capability caused by a reduction in the number of available
gradations.

[0047] In the method of the present invention, it is prefer-
able that in the step (b), the gradation value shifting process-
ing is carried out with reference to a look-up table in which
the input gradation values are associated with output grada-
tion values.

[0048] According to the method, the gradation conversion
processing can be carried out with reference to the look-up
table. This makes it possible to more easily carry out the
conversion processing and to simplify configurations of cir-
cuits etc. necessary for the data conversion processing.

Advantageous Effects of Invention

[0049] According to the liquid crystal display device of the
present invention, the liquid crystal display device includes
two substrates and a liquid crystal layer sandwiched between
the two substrates, and the thickness of the liquid crystal layer
is determined on the basis of a retardation value which is
based on light having a wavelength larger than light having
the shortest wavelength among light of the different colors.
[0050] According to the arrangement, transmittance can be
improved in pixels of colors having wavelengths other than
the shortest wavelength.

[0051] The method for driving a liquid crystal display
device includes the steps of: (a) determining a thickness of the
liquid crystal layer on a basis of a retardation value which is
based on light which has a wavelength larger than light having
shortest wavelength among light of the different colors; and
(b) carrying out gradation value shifting processing of shift-
ing input gradation values to lower gradation values with
respect to image data supplied to pixels having a color which
has a shorter wavelength than the wavelength based on which
the thickness of the liquid crystal layer is determined.
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[0052] According to the method, the cell thickness is deter-
mined on a basis of a retardation value which is based on light
which has a wavelength larger than light having shortest
wavelength among light of the different colors. Accordingly,
transmittance can be improved in pixels of colors having
wavelengths other than the shortest wavelength.

[0053] Further, according to the method, it is possible to
prevent grayscale inversion in the pixels having the color
which has the shorter wavelength than the wavelength based
on which the cell thickness is determined, thereby allowing
an improvement in quality of a displayed image.

BRIEF DESCRIPTION OF DRAWINGS

[0054] FIG.1

[0055] (a) of FIG. 1 is a schematic view explaining display
driving carried out in a liquid crystal display device of
Embodiment 1 of the present invention, and (b) of FIG. 1is a
schematic view explaining display driving carried out in a
conventional liquid crystal display device.

[0056] FIG.2isablock diagram illustrating a configuration
of the liquid crystal display device of Embodiment 1 of the
present invention.

[0057] FIG. 3 is a graph showing y characteristics of pixels
of respective colors that are obtained in a case where gray-
scale inversion occurs.

[0058] FIG. 4 is a graph showing how transmittance
changes depending on a wavelength in the liquid crystal dis-
play device of Embodiment 1 of the present invention. The
graph also shows, for comparison, how transmittance
changes depending on a wavelength in a conventional liquid
crystal display panel (the broken line).

[0059] FIG. 5 is a graph showing a relationship between a
gradation value of blue image data and transmittance (grada-
tion-transmittance characteristics) in the liquid crystal dis-
play device of Embodiment 1 of the present invention.
[0060] FIG. 6 is a graph showing relationships between a
wavelength of light and a luminosity factor in a liquid crystal
display panel of Embodiment 1 of the present invention and in
a conventional liquid crystal display panel.

[0061] FIG. 7 is a table showing a result of evaluation of
panel properties in the liquid crystal display device of
Embodiment 1 of the present invention and in a conventional
liquid crystal display device.

[0062] FIG.8isablock diagram illustrating a configuration
of a liquid crystal display device of Embodiment 2 of the
present invention.

[0063] FIG.9is a graph showing y characteristics of pixels
of respective colors that are obtained in a case where gray-
scale inversion occurs.

[0064] FIG. 10 is a graph showing how transmittance
changes depending on a wavelength in the liquid crystal dis-
play device of Embodiment 2 of the present invention. The
graph also shows, for comparison, how transmittance
changes depending on a wavelength in a conventional liquid
crystal display panel (the broken line).

[0065] FIG. 11 is a graph showing a relationship between a
gradation value of blue image data and transmittance (grada-
tion-transmittance characteristics) in the liquid crystal dis-
play device of Embodiment 2 of the present invention.
[0066] FIG. 12 is a graph showing a relationship between a
gradation value of green image data and transmittance (gra-
dation-transmittance characteristics) in the liquid crystal dis-
play device of Embodiment 2 of the present invention.

Sep. 15,2011

[0067] FIG. 13 is a graph showing relationships between a
wavelength of light and a luminosity factor in a liquid crystal
display panel of Embodiment 2 of the present invention and in
a conventional liquid crystal display panel.

[0068] FIG. 14 is a table showing a result of evaluation of
panel properties in the liquid crystal display device of
Embodiment 2 of the present invention and in a conventional
liquid crystal display device.

[0069] FIG. 15 is a block diagram illustrating a configura-
tion of a liquid crystal display device of Embodiment 3 of the
present invention.

[0070] FIG. 16 is a graph showing y characteristics of pix-
els of respective colors that are obtained in a case where
grayscale inversion occurs.

[0071] FIG. 17 is a graph showing how transmittance
changes depending on a wavelength in the liquid crystal dis-
play device of Embodiment 3 of the present invention. The
graph also shows, for comparison, how transmittance
changes depending on a wavelength in a conventional liquid
crystal display panel (the broken line).

[0072] FIG. 18 is a graph showing a relationship between a
gradation value of blue image data and transmittance (grada-
tion-transmittance characteristics) in the liquid crystal dis-
play device of Embodiment 3 of the present invention.
[0073] FIG. 19 is a graph showing a relationship between a
gradation value of green image data and transmittance (gra-
dation-transmittance characteristics) in the liquid crystal dis-
play device of Embodiment 3 of the present invention.
[0074] FIG. 20 is a graph showing a relationship between a
gradation value of red image data and transmittance (grada-
tion-transmittance characteristics) in the liquid crystal dis-
play device of Embodiment 3 of the present invention.
[0075] FIG. 21 is a graph showing relationships between a
wavelength of light and a luminosity factor in a liquid crystal
display panel of Embodiment 3 of the present invention and in
a conventional liquid crystal display panel.

[0076] FIG. 22 is a table showing a result of evaluation of
panel properties in the liquid crystal display device of
Embodiment 3 of the present invention and in a conventional
liquid crystal display device.

[0077] FIG. 23 is a table showing a luminance ratio of
colors of color filters and transmittance for respective opti-
mum retardation. In FIG. 23, an upper table shows values
obtained in a case where no digital y processing is carried out,
and a lower table shows values obtained in a case where
digital y processing is carried out.

[0078] FIG. 24 is a graph showing how transmittance
changes depending on a wavelength in a conventional liquid
crystal display panel.

DESCRIPTION OF EMBODIMENTS
Embodiment 1

[0079] Embodiment 1 of the present invention is described
below with reference to FIGS. 1 through 7. Note that the
present invention is not limited to this.

[0080] The present embodiment deals with, as an example,
a liquid crystal display device which includes a TN mode
liquid crystal display panel and in which polarization plates
are disposed so that normally white mode can berealized. The
liquid crystal display device of the present embodiment has a
liquid crystal display panel constituted by pixels of three
colors, i.e., red (R), green (G), and blue (B) so that a color
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image can be displayed. In the present specification, a pixel
(pixel electrode) that corresponds to 1 color of a color filter is
defined as 1 pixel.

[0081] FIG. 2 illustrates a configuration of a liquid crystal
display device 10 of the present embodiment.

[0082] As illustrated in FIG. 2, the liquid crystal display
device 10 mainly includes: a liquid crystal display panel
(LCD panel) 11, a gate driving circuit 12, a source driving
circuit 13, a timing controller 14, and a display control circuit
15 (gradation conversion section).

[0083] The liquid crystal display panel 11 includes: an
active matrix substrate, a counter substrate, and a liquid crys-
tal layer sandwiched between the active matrix substrate and
the counter substrate although these are not illustrated in FIG.
2. The liquid crystal display panel 11 of the present embodi-
ment is a TN mode liquid crystal display panel.

[0084] Further, the liquid crystal display panel 11 includes
two polarization plates (A/2 plates), one being disposed out-
side the active matrix substrate and the other being disposed
outside the counter substrate. The liquid crystal display panel
11 is driven so that a normally white mode can be realized.
[0085] The gate driving circuit 12 is a circuit for supplying
scanning signals to scanning signal lines provided on the
liquid crystal display panel 11.

[0086] The source driving circuit 13 is a circuit for supply-
ing data signals to data signal lines provided on the liquid
crystal display panel 11.

[0087] Thetiming controller 14 determines timing at which
the signals are supplied to the scanning signal lines and the
data signal lines provided on the liquid crystal display panel.
The signals supplied from the timing controller 14 are deliv-
ered to the scanning signal lines and the data signal lines of
the liquid crystal display panel 11 via the gate driving circuit
12 and the source driving circuit 13.

[0088] The display control circuit 15 carries out data pro-
cessing with respect to inputted video signals of respective
colors (R, G, and B), and supplies gradation data to pixels of
the colors in the liquid crystal display panel 11.

[0089] According to the arrangement, the gradation data
that has been subjected to the data processing in the display
control circuit 15 is supplied to the pixels in the liquid crystal
display panel 11 via the timing controller 14 and the source
driving circuit 13. Thus, an image based on the inputted video
signals is displayed.

[0090] Further, the display control circuit 15 includes dis-
play data switching circuits 21, 22, and 23 (gradation conver-
sion sections) and look-up tables (LUTs) 24, 25, and 26. The
display data switching circuits 21, 22, and 23 are circuits
which generate, from inputted video signals, image data for
displaying a desired image. In the present embodiment, gra-
dation conversion processing (y conversion processing) etc. is
carried out so that an image can be displayed at desired
luminance. This gradation conversion processing is carried
out with reference to the look-up tables. The look-up tables
are tables in which input gradation values are associated
one-to-one with output gradation values.

[0091] Inthe present embodiment, the display data switch-
ing circuits 21, 22, and 23 and LUTs 24, 25, and 26 are
provided so as to be associated with different video signals.
Specifically, the display data switching circuit 21 and the
LUT 24 are associated with a red video signal, the display
data switching circuit 22 and the LUT 25 are associated with
a green video signal, and the display data switching circuit 23
and the LUT 26 are associated with a blue video signal. This
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makes it possible to carry out different gradation conversion
processing with respect to video signals of different colors.
[0092] Further, in addition to the above arrangement, the
display control circuit 15 includes a pseudo multi-gradation
circuit 27 (pseudo multi-gradation section) for carrying out
pseudo multi-gradation processing with respect to image
data. In the present embodiment, the pseudo multi-gradation
circuit 27 is provided in the series of processing circuits for
the blue image data since pseudo multi-gradation processing
is carried out only with respect to image data subjected to
gradation value shifting processing.

[0093] The following description deals with display driv-
ing carried out in the liquid crystal display device 10.

[0094] (a) of FIG. 1 schematically shows a flow of the
display driving carried out in the liquid crystal display device
10. (b) of FIG. 1 schematically shows a flow of the display
driving carried out in a conventional liquid crystal display
device 500 for comparison.

[0095] As shown in (a) and (b) of FIG. 1, in the conven-
tional liquid crystal display device 500, a cell thickness is
determined so that pixels of blue, which has the shortest
wavelength among R, G, and B, have optimum transmittance.
Meanwhile, in the liquid crystal display device 10 of the
present embodiment, a cell thickness is determined so that
pixels of green, which has a longer wavelength than blue,
have optimum transmittance.

[0096] The following describes how a cell thickness is
determined in designing a liquid crystal display panel.
[0097] A liquid crystal display panel is designed so that as
high transmittance as possible can be obtained. As for a
normally white mode liquid crystal display panel using A/2
plates as upper and lower plates of the panel like the liquid
crystal display panel of the present embodiment, transmit-
tance is calculated from the following equation:

sinz(z\/ (L+u?)) equation (1)
T=1-—2
(1 +u?)
[0098] where T is transmittance and u is a retardation value.

[0099] As is clear from the equation (1), transmittance is
determined by the retardation value u of light. The retardation
value u is calculated from the following equation (2):

u=2And/\ equation (2)

[0100] where An is birefringence of a liquid crystal mate-
rial, d is a cell thickness, and A is a transmitting wavelength.
As is clear from the equation (2), the retardation value u is
determined by birefringence of a liquid crystal material, a cell
thickness, and a transmitting wavelength. Accordingly, in a
case where the liquid crystal material has been already deter-
mined, a specific transmitting wavelength is used as a stan-
dard, and a cell thickness is selected so that a desired retar-
dation value is obtained at the transmitting wavelength used
as a standard.

[0101] Note that transmittance obtained from the equation
(1) is transmittance of a liquid crystal layer. In an actual liquid
crystal display device, light emitted from a backlight trans-
mits not only a liquid crystal layer, but also other components
such as polarization plates. Accordingly, transmittance of a
liquid crystal display device is calculated based on not only
the transmittance obtained from the equation (i), but also
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transmittance of polarization plates, transmittance of a color
filter, an aperture ratio of a liquid crystal panel, light focusing
power of a backlight, etc.

[0102] In the conventional liquid crystal display device
500, a cell thickness is determined on the basis of aretardation
value which is based on a wavelength of blue light which has
the shortest wavelength among R, G, and B as described
above. This is because in a case where a cell thickness is
determined on the basis of a retardation value which is based
on a wavelength longer than the wavelength of blue, there
arises a problem that, in a high gradation region, grayscale
inversion occurs in pixels having a color whose wavelength is
shorter than the wavelength based on which the retardation
value is determined.

[0103] The grayscale inversion is a phenomenon by which
transmittance of an image obtained by a low gradation value
is made higher than transmittance of an image obtained by a
high gradation value. This can cause a reduction in display
quality. FIG. 3 shows an example in which grayscale inver-
sion occurs. FIG. 3 shows gradation-transmittance character-
istics (y characteristics) for respective colors that are obtained
in a case where a cell thickness is set to 3.8 pm and where
gradation characteristics are determined on the basis of white
(mixture of R, G, and B) light. As shown in FIG. 3, grayscale
inversion occurs for blue which has the shortest wavelength.
[0104] In view of this, in the conventional liquid crystal
display device 500, a cell thickness is determined on the basis
of a retardation value which is based on the wavelength of
blue light which has the shortest wavelength among R, G, and
B.

[0105] However, in a case where a cell thickness is deter-
mined on the basis of a retardation value which is based on the
shortest wavelength as in the liquid crystal display device
500, sufficient transmittance cannot be obtained in green and
red pixels as shown in FIG. 24.

[0106] Inview ofthis, intheliquid crystal display device 10
of the present embodiment, a cell thickness is determined on
the basis of a wavelength of a color whose wavelength is
longer than blue so that transmittance is improved in green
and red pixels.

[0107] FIG. 4 showshow transmittance changes depending
on a wavelength in the liquid crystal display device 10 in
which a cell thickness is determined on the basis of the wave-
length of green (see the solid line). FIG. 4 also shows how
transmittance changes depending on a wavelength in the lig-
uid crystal display device 500 in which a cell thickness is
determined on the basis of the wavelength of blue (see the
broken line).

[0108] As shown in FIG. 4, in the conventional liquid crys-
tal display device 500, transmittance reaches a maximum in
the vicinity of blue (in the vicinity of 450 nm), and transmit-
tance becomes smaller as the wavelength becomes larger
from the vicinity of green (vicinity of 550 nm) to the vicinity
of red (vicinity of 620 nm). In contrast to this, in the liquid
crystal display device 10 of the present embodiment, trans-
mittance reaches a maximum in the vicinity of green (in the
vicinity of 550 nm), and transmittance becomes smaller as the
distance from this wavelength becomes larger. However, a
degree of reduction in transmittance in the vicinity of red (in
the vicinity of 620 nm) is smaller as compared to the conven-
tional liquid crystal display device 500. Accordingly, the lig-
uid crystal display device 10 can achieve brighter display on
the whole as compared to the conventional liquid crystal
display device 500.
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[0109] Inthe present embodiment, a cell thickness d is, for
example, 3.8 um in a case where birefringence An of a liquid
crystal material is 0.130, for example.

[0110] In a case where the cell thickness is determined
based on the wavelength of green, grayscale inversion unde-
sirably occurs in pixels of blue whose wavelength is shorter
than green as described above. In view of this, in the liquid
crystal display device 10 of the present embodiment, the R, G,
and B video signals are subjected to different gradation value
conversion (y conversion) in the display control circuit 15 (see
FIG.1). This is described below with reference to FIGS. 2 and
5.

[0111] Inthe liquid crystal display device 10 of the present
embodiment, since blue image data has a problem of gray-
scale inversion, the display data switching circuit 23 carries
out gradation value shifting processing for shifting input gra-
dation values to lower gradation values. This gradation con-
version is carried out with reference to the look-up table 26.
[0112] As for red and green image data in which no gray-
scale inversion occurs, gradation conversion processing simi-
lar to a conventional one is carried out. Also in this case, the
gradation conversion is carried out with reference to the look-
up tables 24 and 25 that correspond to the display data switch-
ing circuits 21 and 22, respectively.

[0113] FIG. 5 shows a relationship between a gradation
value of the blue image data and transmittance in the liquid
crystal display device 10 which relationship is obtained after
the gradation value shifting processing is carried out. In FIG.
5, a gradation-transmittance characteristic of the blue image
data of the present embodiment is indicated by the solid line
(without white circles), and a gradation-transmittance char-
acteristic of blue image data that has not been subjected to the
gradation shifting processing is indicated as a comparative
example by the line with white circles. An upper left corner of
the graph of FIG. 5 shows an enlarged view of a high grada-
tion side (gradation values 54 through 63) in which grayscale
inversion can occur.

[0114] As shown in FIG. 5, in the comparative example in
which no gradation shifting processing is carried out, gray-
scale inversion occurs in a high gradation region (gradation
values of 59 and higher). Meanwhile, in the liquid crystal
display device 10, the gradation value 58 at which transmit-
tance is highest is used as the gradation value 63. That is, in a
case where an input gradation value is 63, the display data
switching circuit 23 shifts the gradation value 63 to the lower
gradation value 58. In this way, the display data switching
circuit 23 shifts input gradation values to lower gradation
values so that output gradation values become smaller than
the input gradation values in every gradation region.

[0115] Inthe liquid crystal display device 10 of the present
embodiment, the pseudo multi-gradation circuit 27 carries
out interpolation of gradation values in order to prevent a tone
jump caused by a reduction in the number of available gra-
dations that occurs as a result of the gradation value shifting
processing.

[0116] The pseudo multi-gradation circuit 27 carries out
pseudo multi-gradation processing with respect to image data
by using a known multi-gradation technique. The pseudo
multi-gradation processing is processing which causes a
human eye to believe that the number of gradations that can be
expressed has increased although the number of gradations
that can be expressed is limited in fact. This utilizes nature of
the human eye (i.e., the human eye perceives, as luminance,
time- and space-averaged luminance). The pseudo multi-gra-
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dation processing is classified into various types (e.g. FRC)
depending on a size of a pixel region which serves as a unit or
design of a noise pattern (i.e., noise pattern in each frame, the
number of periodic frames etc.).

[0117] For example, Patent Literature 2 (Japanese Patent
Application Publication, Tokukai, No. 2005-10520A (Publi-
cation Date: Jan. 13, 2005)) discloses a specific method of the
pseudo multi-gradation processing. This method is appli-
cable also to the present invention.

[0118] The pseudo multi-gradation processing makes it
possible to achieve gradation expressing capability equiva-
lent to that of general image display using gradation values 0
to 63 even though the number of available gradations is
reduced by the gradation value shifting processing.

[0119] As aresult of the above processing, blue image data
having the gradation-transmittance characteristic as shown in
FIG. 5 can be obtained. FIG. 5 shows an example in which
6-bit (gradation values 0 to 63) gradation data is used, but the
present invention is not limited to this.

[0120] FIG. 6 is a graph showing a relationship between a
wavelength of light and a luminosity factor in the liquid
crystal display device 10 of the present embodiment. In FIG.
6, a luminosity factor in the liquid crystal display panel of the
present embodiment is indicated by the solid line, and a
luminosity factor obtained in a case where a cell thickness is
determined on the basis of blue is indicated by the broken line
for comparison.

[0121] As shown in FIG. 6, in the liquid crystal display
device of the present embodiment, the luminosity factor is
improved on the whole especially around the wavelength of
green light (in the vicinity of 550 nm), as compared to the
conventional example indicated by the broken line. Human
eyes have high sensitivity to green light, and therefore tend to
feel higher brightness as transmittance of green pixels
becomes higher.

[0122] Accordingly, in a case where a cell thickness is
determined so that transmittance of green pixels becomes
optimum as in the present embodiment, it is possible to dis-
play an image which allows human eyes to feel higher bright-
ness.

[0123] FIG. 7 shows a result of evaluation of panel proper-
ties in the liquid crystal display device 10. In the table of FIG.
7, a liquid crystal display panel in which a cell thickness is
determined based on blue light is shown as a conventional art,
and a liquid crystal display panel in which a cell thickness is
determined based on green light but in which the gradation
value shifting processing is not carried out is shown as a
comparative example.

[0124] As shown in FIG. 7, in the conventional art, a cell
thickness is 3.1 pm which is determined based on the blue
light. Meanwhile, in each of the panels of the comparative
example and the present Embodiment 1, a cell thickness is
determined based on green light, and is therefore larger than
the panel of the conventional art. Specifically, the cell thick-
ness of each of the panels of the comparative example and the
present Embodiment 1 is 3.8 um.

[0125] An actual measurement value of transmittance of
white display of the panel of the conventional art is 4.43%,
whereas actual measurement values of transmittance of white
display of the panels of the comparative example and
Embodiment 1 are 4.92% and 5.01%, respectively. This
reveals that the panels of the comparative example and
Embodiment 1 have improved transmittance as compared to
the panel of the conventional art. Further, in a case where
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transmittance of white display (indicated by “White” in FIG.
7) in the panel of the conventional art is set to 1 (reference
value), a transmittance ratio among the conventional art, the
comparative example, and Embodiment 1is 1:1.11:1.13. This
reveals that transmittance of the liquid crystal display device
of the present embodiment is improved by 13% as compared
with the conventional liquid crystal display device.

[0126] Note that the white display is mixture of red, green,
and blue display. FIG. 7 also shows transmittance ratios in the
blue, green, and red display (indicated by “Blue”, “Green”,
and “Red” in FIG. 7).

[0127] The bottom of the table of FIG. 7 shows presence or
absence of grayscale inversion (presence of grayscale inver-
sion is indicated by “x (OCCUR)”, and absence of grayscale
inversion is indicated by “o (NOT OCCUR)”). As shown in
FIG. 7, in the panel of the comparative example, grayscale
inversion occurs in a blue image, whereas no grayscale inver-
sion occurs in the panel of Embodiment 1 in which the gra-
dation value shifting processing is carried out with respect to
the blue image data. It can be hypothesized that this is
reflected in the transmittance ratio of blue display, transmit-
tance ratio of white display, and actual measurement values of
transmittance.

[0128] FIG. 23 shows simulation values of luminance
ratios among R, G, and B of a color filter and transmittance
ratios of the liquid crystal display device that are obtained in
a case where a cell thickness is determined based on B, G, and
R, respectively. Note that the upper table of FIG. 23 shows
values obtained in a case where no digital y processing is
carried out (i.e., case where only the process of changing a
cell thickness is carried out), and the lower table of FIG. 23
shows values obtained in a case where the digital y processing
is carried out. The “G optimum” row of the lower table of FIG.
23 shows simulation values for the liquid crystal display
device of the present embodiment. Note that, in an actual
liquid crystal display device, light focusing power of a back-
light and polarization plates affect these simulation values.
[0129] Asis clear from FIG. 23, in the liquid crystal display
device of'the present embodiment (G optimum), luminance of
W (white) obtained by mixing R, G, and B and transmittance
are improved as compared to the conventional example (B
optimum). That is, it has been confirmed that an overall trans-
mittance can be made higher in a case where a cell thickness
is determined on the basis of green which has a longer wave-
length than blue, as compared to a case where a cell thickness
is determined on the basis of blue which has the shortest
wavelength.

[0130] As described above, in the liquid crystal display
device of the present embodiment, a cell thickness is deter-
mined on the basis of a retardation value which is based not on
the wavelength of blue light which has the shortest wave-
length among R, G, and B, but on the wavelength of green
light. This allows not only an improvement in transmittance
of green pixels, but also an improvement in transmittance of
red pixels, thereby improving overall transmittance of an
image displayed by a combination of R, G, and B.

[0131] Inthe present embodiment, a cell thickness is deter-
mined so that transmittance in green pixels having a high
luminosity factor becomes optimum, it is possible to display
an image which allows a person to feel higher brightness.
[0132] Further, it is possible to prevent occurrence of gray-
scale inversion in blue pixels by carrying out gradation value
shifting processing of shifting input gradation values into
lower gradation values with respect to image data supplied to
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the pixels of blue which has shorter wavelength than green
based on which a cell thickness is determined. This allows an
improvement in quality of a displayed image.

[0133] The present embodiment has dealt with an example
in which a TN mode liquid crystal display panel is used.
However, the present invention is not limited to this, and can
be also applied to liquid crystal display panels of other modes
such as IPS mode and VA mode.

[0134] The present embodiment has dealt with an example
in which a normally white mode liquid crystal display panel
is used. However, the present invention is not limited to this,
and can be also applied to a normally black mode liquid
crystal display panel.

Embodiment 2

[0135] Next, Embodiment 2 of the present invention is
described below with reference to FIGS. 8 through 14. The
present embodiment mainly discusses differences from
Embodiment 1, and in a case where configuration and driving
method similar to those of Embodiment 1 can be applied,
explanation of such configuration and driving method are
omitted.

[0136] The present embodiment also deals with, as an
example, a liquid crystal display device which includes a TN
mode liquid crystal display panel and in which polarization
plates are disposed so that normally white mode can be real-
ized, as in Embodiment 1.

FIG. 8 illustrates a configuration of a liquid crystal display
device 110 of the present embodiment.

[0137] As illustrated in FIG. 8, the liquid crystal display
device 110 mainly includes: a liquid crystal display panel
(LCD panel) 11, a gate driving circuit 12, a source driving
circuit 13, a timing controller 14, and a display control circuit
115 (gradation conversion section).

[0138] The liquid crystal display panel (LCD panel) 11,
gate driving circuit 12, source driving circuit 13, and timing
controller 14 have similar arrangements to those of the liquid
crystal display device 10 of Embodiment 1, and therefore are
not explained repeatedly.

[0139] The display control circuit 115 carries out data pro-
cessing with respect to inputted video signals of respective
colors (R, G, and B) and supplies gradation data to R, G, and
B pixels within the liquid crystal display panel 11. The gra-
dation data that has been subjected to the data processing in
the display control circuit 115 is supplied to the pixels within
the liquid crystal display panel 11 via the timing controller 14
and the source driving circuit 13. Thus, an image based on the
inputted video signals is displayed.

[0140] Further, the display control circuit 115 includes dis-
play data switching circuits 121, 122, and 123 (gradation
conversion sections) and look-up tables (LUTs) 124, 125, and
126. The display data switching circuits 121,122, and 123 are
circuits which generate, from inputted video signals, image
data for performing desired image display. Here, gradation
conversion processing (y conversion processing) is carried
out so that display can be carried out at desired luminance.
This gradation conversion processing is carried out with ref-
erence to the look-up tables. The look-up tables are tables in
which input gradation values are associated one-to-one with
output gradation values.

[0141] Inthe present embodiment, the display data switch-
ing circuits and LUTs are associated with different video
signals. Specifically, the display data switching circuit 121
and the LUT 124 are associated with a red video signal, the
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display data switching circuit 122 and the LUT 125 are asso-
ciated with a green video signal, and the display data switch-
ing circuit 123 and the LUT 126 are associated with a blue
video signal. This makes it possible to carry out different
gradation conversion processing with respect to video signals
of different colors.

[0142] Further, in addition to the above arrangement, the
display control circuit 115 includes pseudo multi-gradation
circuits 127 and 128 (pseudo multi-gradation sections) for
carrying out pseudo multi-gradation processing with respect
to image data. In the present embodiment, the pseudo multi-
gradation circuits 127 and 128 are provided in the series of
processing circuits for the blue image data and in the series of
processing circuits for the green image data, respectively,
since pseudo multi-gradation processing is carried out only
with respect to image data subjected to gradation value shift-
ing processing.

[0143] The following description deals with display driv-
ing carried out in the liquid crystal display device 110.

[0144] In the conventional liquid crystal display device
500, a cell thickness is determined so that pixels of blue which
has the shortest wavelength among R, G, and B have optimum
transmittance (see (b) of FIG. 1). Meanwhile, in the liquid
crystal display device 110 of the present embodiment, a cell
thickness is determined on the basis of a wavelength of a color
whose wavelength is longer than that of blue so that transmit-
tance in green and red pixels is improved, as in Embodiment
1. Specifically, in the present embodiment, a cell thickness is
determined so that pixels of red which has a longer wave-
length than blue and green have optimum transmittance.

[0145] The cell thickness determining method described in
Embodiment 1 can be applied also to the present embodi-
ment. However, since, in the present embodiment, a cell
thickness is determined so that red pixels have optimum
transmittance, the transmitting wavelength A used as a stan-
dard in the equation 2 is set to 620 nm which is the wavelength
of red, and a cell thickness is selected so that a desired retar-
dation value can be obtained at this transmitting wavelength.

[0146] FIG. 10 shows how transmittance changes depend-
ing on a wavelength in the liquid crystal display device 110 in
which a cell thickness is determined on the basis of the wave-
length of red (see the solid line). FIG. 10 also shows how
transmittance changes depending on a wavelength in the con-
ventional liquid crystal display device 500 in which a cell
thickness is determined on the basis of the wavelength of blue
(see the broken line).

[0147] As shown in FIG. 10, in the conventional liquid
crystal display device 500, transmittance reaches a maximum
in the vicinity of blue (in the vicinity of 450 nm), and trans-
mittance becomes smaller as the wavelength becomes larger
from the vicinity of green (vicinity of 550 nm) to the vicinity
of red (vicinity of 620 nm). In contrast to this, in the liquid
crystal display device 110 of the present embodiment, trans-
mittance reaches a maximum in the vicinity of red (in the
vicinity of 620 nm), and transmittance becomes smaller as the
distance from this wavelength becomes larger. However,
transmittance at the wavelength in the vicinity of green (in the
vicinity of 550 nm), which has the highest luminosity factor
among R, G, and B, is higher than that of the conventional
liquid crystal display device 500. Accordingly, the liquid
crystal display device 110 can achieve brighter display on the
whole as compared to the conventional liquid crystal display
device 500.
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[0148] In the present embodiment, a cell thickness d is, for
example, 4.2 um in a case where birefringence An of a liquid
crystal material is 0.130, for example.

[0149] As described in Embodiment 1, in a case where a
cell thickness is determined on the basis of the wavelength of
red, there arises a problem that grayscale inversion occurs in
pixels of blue and green which have shorter wavelength than
red. FIG. 9 shows gradation-transmittance characteristics (y
characteristics) for respective colors that are obtained in a
case where a cell thickness is set to 4.2 pm on the basis of red
and where gradation characteristics are determined on the
basis of white (mixture of R, G, and B) light. As shown in FIG.
9, grayscale inversion occurs in image data of blue and green
which have shorter wavelength than red.

[0150] In view of this, in the liquid crystal display device
110 of the present embodiment, the display control circuit
115 carries out different gradation value conversion (y con-
version) with respect to R, G, and B video signals (see (a) of
FIG.1). This is described below with reference to FIGS. 8, 11,
and 12.

[0151] Intheliquid crystal display device 110 of the present
embodiment, there occurs a problem of grayscale inversion in
blue image data and green image data. In view of this, grada-
tion value shifting processing for shifting input gradation
values to lower gradation values is carried out in the display
data switching circuits 122 and 123. This gradation conver-
sion s carried out with reference to the look-up tables 125 and
126.

[0152] As for red image data in which no grayscale inver-
sion occurs, gradation conversion processing similar to the
conventional one is carried out. Also in this case, the grada-
tion conversion is carried out with reference to the look-up
table 124 that corresponds to the display data switching cir-
cuit 121.

[0153] FIG. 11 shows a relationship between a gradation
value of the blue image data and transmittance in the liquid
crystal display device 110 which relationship is obtained after
the gradation value shifting processing is carried out. In FIG.
11, a gradation-transmittance characteristic of the blue image
data of the present embodiment is indicated by the solid line
(without white circles), and a gradation-transmittance char-
acteristic of blue image data that has not been subjected to the
gradation shifting processing is indicated as a comparative
example by the line with white circles. An upper left portion
of the graph of FIG. 11 shows an enlarged view of a higher
gradation side (gradation values 54 through 63) in which
grayscale inversion can occur.

[0154] As shown in FIG. 11, in the comparative example in
which no gradation shifting processing is carried out, gray-
scale inversion occurs in a high gradation region (gradation
values of 58 and larger). Meanwhile, in the liquid crystal
display device 110, the gradation value 57 at which transmit-
tance is highest is used as the gradation value 63. That s, in a
case where an input gradation value is 63, the display data
switching circuit 123 shifts the gradation value to a lower
gradation value 57. In this way, the display data switching
circuit 123 shifts input gradation values to lower gradation
values so that output gradation values become smaller than
the input gradation values in every gradation region.

[0155] FIG. 12 shows a relationship between a gradation
value of the green image data and transmittance in the liquid
crystal display device 110 which relationship is obtained after
the gradation value shifting processing is carried out. In FIG.
12, a gradation-transmittance characteristic of the green
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image data of the present embodiment is indicated by the
solid line (without white circles), and a gradation-transmit-
tance characteristic of green image data that has not been
subjected to the gradation shifting processing is indicated as
a comparative example by the line with white circles. An
upper left portion of the graph of FIG. 12 shows an enlarged
view of a higher gradation side (gradation values 54 through
63) in which grayscale inversion can occur.

[0156] As shown in FIG. 12, inthe comparative example in
which no gradation shifting processing is carried out, gray-
scale inversion occurs in a high gradation region (gradation
values of 61 and larger). Meanwhile, in the liquid crystal
display device 110, the gradation value 60 at which transmit-
tance is highest is used as the gradation value 63. That is, in a
case where an input gradation value is 63, the display data
switching circuit 122 shifts the gradation value to a lower
gradation value 60. In this way, the display data switching
circuit 122 shifts input gradation values to lower gradation
values so that output gradation values become smaller than
the input gradation values in every gradation region.

[0157] Intheliquidcrystal display device 110 ofthe present
embodiment, the pseudo multi-gradation circuits 127 and 128
carry out interpolation of gradation values in order to prevent
a tone jump caused by reduction in the number of available
gradations that occurs due to the gradation value shifting
process.

[0158] The pseudo multi-gradation processing carried out
in the pseudo multi-gradation circuits 127 and 128 is similar
to that described in Embodiment 1, and therefore is not
explained repeatedly.

[0159] The pseudo multi-gradation processing makes it
possible to achieve gradation expressing capability equiva-
lent to that of general image display using gradation values 0
to 63 even though the number of available gradations is
reduced by the gradation value shifting processing.

[0160] As aresult of the above processing, blue image data
having the gradation-transmittance characteristic as shown in
FIG. 11 can be obtained, and green image data having the
gradation-transmittance characteristic as shown in FIG. 12
can be obtained. FIGS. 11 and 12 show an example in which
6-bit (gradation values O to 63) gradation data is used, but the
present invention is not limited to this.

[0161] FIG. 13 is a graph showing a relationship between a
wavelength of light and a luminosity factor in the liquid
crystal display device 110 of the present embodiment. In FIG.
13, a luminosity factor in the liquid crystal display panel of
the present embodiment is indicated by the solid line, and a
luminosity factor obtained in a case where a cell thickness is
determined on the basis of blue is indicated by the broken line
for comparison.

[0162] As shown in FIG. 13, in the liquid crystal display
device 110 of the present embodiment, the luminosity factor
is improved on the whole especially around the wavelength of
red light (in the vicinity of 620 nm), as compared to the
conventional example indicated by the broken line.

[0163] FIG. 14 shows a result of evaluation of panel prop-
erties in the liquid crystal display device 110. In the table of
FIG. 14, a liquid crystal display panel in which a cell thick-
ness is determined based on blue light is shown as a conven-
tional art, and a liquid crystal display panel in which a cell
thickness is determined based on red light but in which the
gradation value shifting processing is not carried out is shown
as a comparative example.



US 2011/0221786 Al

[0164] As shown in FIG. 14, in the conventional art, a cell
thickness is 3.1 pm which is determined based on the blue
light. Meanwhile, in each of the panels of the comparative
example and the present Embodiment 2, a cell thickness is
determined based on red light, and is therefore larger than that
ofthe conventional art. Specifically, the cell thickness of each
of the panels of the comparative example and the present
Embodiment 2 is 4.2 um.

[0165] An actual measurement value of transmittance of
white display of the panel of the conventional art is 4.43%,
whereas actual measurement values of transmittance of white
display of the panels of the comparative example and
Embodiment 2 are 4.74% and 4.83%, respectively. This
reveals that the panels of the comparative example and
Embodiment 2 have improved transmittance as compared to
the panel of the conventional art. Further, in a case where
transmittance of white display (indicated by “White” in FIG.
14) in the panel of the conventional art is set to 1 (reference
value), a transmittance ratio among the conventional art, the
comparative example, and Embodiment 2is 1:1.07:1.09. This
reveals that transmittance of the liquid crystal display device
of the present embodiment is improved by 9% as compared
with the conventional liquid crystal display device.

[0166] Note that the white display is mixture of red, green,
and blue display. FIG. 14 also shows transmittance ratios in
the blue, green, and red display (indicated by “Blue”,
“Green”, and “Red” in FIG. 14).

[0167] The bottom of the table of FIG. 14 shows presence
or absence of grayscale inversion (presence of grayscale
inversion is indicated by “x (OCCUR)”, and absence of gray-
scale inversion is indicated by “o (NOT OCCUR)”). As
shown in FIG. 14, in the panel of the comparative example,
grayscale inversion occurs in blue and green images, whereas
no grayscale inversion occurs in the panel of Embodiment 2 in
which the gradation value shifting processing is carried out
with respect to the blue and green image data. It can be
hypothesized that this is reflected in the transmittance ratios
of'blue display and green display, transmittance ratio of white
display, and actual measurement values of transmittance.

[0168] FIG. 23 shows simulation values of luminance
ratios among R, G, and B of a color filter and transmittance
ratios of the liquid crystal display device that are obtained in
a case where a cell thickness is determined based on B, G, and
R, respectively. Note that the upper table of FIG. 23 shows
values obtained in a case where no digital y processing is
carried out (i.e., case where only the process of changing a
cell thickness is carried out), and the lower table of FIG. 23
shows values obtained in a case where the digital y processing
is carried out. The “R optimum” row of the lower table of FIG.
23 shows simulation values for the liquid crystal display
device of the present embodiment. Note that, in an actual
liquid crystal display device, light focusing power of a back-
light and polarization plates affect these simulation values.

[0169] Asis clear from FIG. 23, in the liquid crystal display
device of the present embodiment (R optimum), luminance of
W (white) obtained by mixing R, G, and B and transmittance
are improved as compared to the conventional example (B
optimum). That is, it has been confirmed that an overall trans-
mittance can be made higher in a case where a cell thickness
is determined on the basis of red which has a longer wave-
length than blue, as compared to a case where a cell thickness
is determined on the basis of blue which has the shortest
wavelength.
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[0170] As described above, in the liquid crystal display
device of the present embodiment, a cell thickness is deter-
mined on the basis of a retardation value which is based not on
the wavelength of blue light which has the shortest wave-
length among R, G, and B, but on the wavelength of red light.
This allows not only an improvement in transmittance of red
pixels, but also an improvement in transmittance of green
pixels, thereby improving overall transmittance of an image
displayed by a combination of R, G, and B.

[0171] Further, in a case where a cell thickness is deter-
mined on the basis of red, the cell thickness can be made
larger as compared with a case where the cell thickness is
determined on the basis of blue or green. This produces an
effect of improvement in durability of a liquid crystal display
panel against mixing in of a foreign substance such as dust.

[0172] Further, it is possible to prevent occurrence of gray-
scale inversion in blue and green pixels by carrying out gra-
dation value shifting processing of shifting input gradation
values into lower gradation values with respect to image data
supplied to the pixels of blue and green each of which has
shorter wavelength than red based on which a cell thickness is
determined. This allows an improvement in quality of a dis-
played image.

Embodiment 2

[0173] Next, Embodiment 3 of the present invention is
described below with reference to FIGS. 15 through 22. The
present embodiment mainly discusses differences from
Embodiment 1, and in a case where configuration and driving
method similar to those of Embodiment 1 can be applied,
explanation of such configuration and driving method are
omitted.

[0174] The present embodiment also deals with, as an
example, a liquid crystal display device which includes a TN
mode liquid crystal display panel and in which polarization
plates are disposed so that normally white mode can be real-
ized, as in Embodiment 1.

[0175] FIG. 15 illustrates a configuration of a liquid crystal
display device 210 of the present embodiment.

[0176] As illustrated in FIG. 15, the liquid crystal display
device 210 mainly includes: a liquid crystal display panel
(LCD panel) 11, a gate driving circuit 12, a source driving
circuit 13, a timing controller 14, and a display control circuit
215 (gradation conversion section).

[0177] The liquid crystal display panel (LCD panel) 11,
gate driving circuit 12, source driving circuit 13, and timing
controller 14 have similar arrangements to those of the liquid
crystal display device 10 of Embodiment 1, and therefore are
not explained repeatedly.

[0178] The display control circuit 215 carries out data pro-
cessing with respect to inputted video signals of respective
colors (R, G, and B) and supplies gradation data to R, G, and
B pixels within the liquid crystal display panel 11. The gra-
dation data that has been subjected to the data processing in
the display control circuit 215 is supplied to the pixels within
the liquid crystal display panel 11 via the timing controller 14
and the source driving circuit 13. Thus, an image based on the
inputted video signals is displayed.

[0179] Further, the display control circuit 215 includes dis-
play data switching circuits 221, 222, and 223 (gradation
conversion sections) and look-up tables (LUTs) 224, 225, and
226. The display data switching circuits 221,222, and 223 are
circuits which generate, from inputted video signals, image
data for performing desired image display. Here, gradation
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conversion processing (y conversion processing) is carried
out so that display can be carried out at desired luminance.
This gradation conversion processing is carried out with ref-
erence to the look-up tables. The look-up tables are tables in
which input gradation values are associated one-to-one with
output gradation values.

[0180] Inthe present embodiment, the display data switch-
ing circuits and LUTs are associated with different video
signals. Specifically, the display data switching circuit 221
and the LUT 224 are associated with a red video signal, the
display data switching circuit 222 and the LUT 225 are asso-
ciated with a green video signal, and the display data switch-
ing circuit 223 and the LUT 226 are associated with a blue
video signal. This makes it possible to carry out different
gradation conversion processing with respect to video signals
of different colors.

[0181] Further, in addition to the above arrangement, the
display control circuit 215 includes pseudo multi-gradation
circuits 227, 228, and 229 (pseudo multi-gradation sections)
for carrying out pseudo multi-gradation processing with
respect to image data. The pseudo multi-gradation processing
is carried out with respect to image data subjected to grada-
tion value shifting processing. Since, in the present embodi-
ment, the gradation value shifting processing is carried out
with respect to all of the R, G, and B image data, the pseudo
multi-gradation circuits 227, 228, and 229 are provided in the
series of processing circuits for blue image data, the series of
processing circuits for green image data, and the series of
processing circuits for red image data, respectively.

[0182] The following description deals with display driv-
ing carried out in the liquid crystal display device 210.
[0183] In the conventional liquid crystal display device
500, a cell thickness is determined so that pixels of blue which
has the shortest wavelength among R, G, and B have optimum
transmittance (see (b) of FIG. 1). Meanwhile, in the liquid
crystal display device 210 of the present embodiment, a cell
thickness is determined on the basis of a wavelength of a color
whose wavelength is longer than that of blue so that transmit-
tance in green and red pixels is improved, as in Embodiment
1. Specifically, in the present embodiment, a cell thickness is
determined so that transmittance becomes optimum at a
wavelength (wavelength 670 nm) longer than the wavelength
of red light.

[0184] The cell thickness determining method described in
Embodiment 1 can be applied also to the present embodi-
ment. However, since, in the present embodiment, a cell
thickness is determined so that transmittance of light having
the wavelength 670 nm becomes optimum, the transmitting
wavelength A used as a standard in the equation 2 is set to 670
nm, and a cell thickness is selected so that a desired retarda-
tion value can be obtained at this transmitting wavelength.
[0185] FIG. 17 shows how transmittance changes depend-
ing on a wavelength in the liquid crystal display device 210 in
which a cell thickness is determined on the basis of the wave-
length 670 nm (see the solid line). FIG. 17 also shows how
transmittance changes depending on a wavelength in the con-
ventional liquid crystal display device 500 in which a cell
thickness is determined on the basis of the wavelength of blue
(see the broken line).

[0186] As shown in FIG. 17, in the conventional liquid
crystal display device 500, transmittance reaches a maximum
in the vicinity of blue (in the vicinity of 450 nm), and trans-
mittance becomes smaller as the wavelength becomes larger
from the vicinity of green (vicinity of 550 nm) to the vicinity
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of red (vicinity of 620 nm). In contrast to this, in the liquid
crystal display device 210 of the present embodiment, trans-
mittance reaches a maximum at the wavelength (in the vicin-
ity of 670 nm) longer than the wavelength of red light, and
transmittance becomes smaller as the distance from this
wavelength becomes larger.

[0187] Inthe present embodiment, a cell thickness d is, for
example, 4.4 um in a case where birefringence An of a liquid
crystal material is 0.130, for example.

[0188] As described in Embodiment 1, in a case where a
cell thickness is determined on the basis of the wavelength
670 nm, there arises a problem that grayscale inversion occurs
in pixels of R, G, and B each of which has a shorter wave-
length than this wavelength. FIG. 16 shows gradation-trans-
mittance characteristics (y characteristics) for respective col-
ors that are obtained in a case where a cell thickness is set to
4.4 um on the basis of the wavelength (specifically the wave-
length 670 nm) longer than the wavelength of red and where
gradation characteristics are determined on the basis of white
(mixture of R, G, and B) light. As shown in FIG. 16, grayscale
inversion occurs in image data of blue, green, and red each of
which has a shorter wavelength than 670 nm.

[0189] In view of this, in the liquid crystal display device
210 of the present embodiment, the display control circuit
215 carries out different gradation value conversion (y con-
version) with respect to R, G, and B video signals (see (a) of
FIG. 1). This is described below with reference to FIGS. 15,
18, 19, and 20.

[0190] Intheliquidcrystal display device 210 of the present
embodiment, there occurs a problem of grayscale inversion in
blue, green, and red image data. In view of this, gradation
value shifting processing for shifting input gradation values
to lower gradation values is carried out in the display data
switching circuits 221, 222, and 123. This gradation conver-
sion is carried out with reference to the look-up tables 224,
225, and 226.

[0191] FIG. 18 shows a relationship between a gradation
value of the blue image data and transmittance in the liquid
crystal display device 210 which relationship is obtained after
the gradation value shifting processing is carried out. In FIG.
18, a gradation-transmittance characteristic of the blue image
data of the present embodiment is indicated by the solid line
(without white circles), and a gradation-transmittance char-
acteristic of blue image data that has not been subjected to the
gradation shifting processing is indicated as a comparative
example by the line with white circles. An upper left portion
of the graph of FIG. 18 shows an enlarged view of a higher
gradation side (gradation values 54 through 63) in which
grayscale inversion can occur.

[0192] Asshown in FIG. 18, in the comparative example in
which no gradation shifting processing is carried out, gray-
scale inversion occurs in a high gradation region (gradation
values of 59 and larger). Meanwhile, in the liquid crystal
display device 210, the gradation value 58 at which transmit-
tance is highest is used as the gradation value 63. Thatis,in a
case where an input gradation value is 63, the display data
switching circuit 223 shifts the gradation value to a lower
gradation value 58. In this way, the display data switching
circuit 223 shifts input gradation values to lower gradation
values so that output gradation values become smaller than
the input gradation values in every gradation region.

[0193] FIG. 19 shows a relationship between a gradation
value of the green image data and transmittance in the liquid
crystal display device 210 which relationship is obtained after
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the gradation value shifting processing is carried out. In FIG.
19, a gradation-transmittance characteristic of the green
image data of the present embodiment is indicated by the
solid line (without white circles), and a gradation-transmit-
tance characteristic of green image data that has not been
subjected to the gradation shifting processing is indicated as
a comparative example by the line with white circles. An
upper left portion of the graph of FIG. 19 shows an enlarged
view of a higher gradation side (gradation values 54 through
63) in which grayscale inversion can occur.

[0194] As shown in FIG. 19, in the comparative example in
which no gradation shifting processing is carried out, gray-
scale inversion occurs in a high gradation region (gradation
values of 61 and larger). Meanwhile, in the liquid crystal
display device 210, the gradation value 60 at which transmit-
tance is highest is used as the gradation value 63. That is, in a
case where an input gradation value is 63, the display data
switching circuit 222 shifts the gradation value to a lower
gradation value 60. In this way, the display data switching
circuit 222 shifts input gradation values to lower gradation
values so that output gradation values become smaller than
the input gradation values in every gradation region.

[0195] FIG. 20 shows a relationship between a gradation
value of the red image data and transmittance in the liquid
crystal display device 210 which relationship is obtained after
the gradation value shifting processing is carried out. In FIG.
20, a gradation-transmittance characteristic of the red image
data of the present embodiment is indicated by the solid line
(without white circles), and a gradation-transmittance char-
acteristic of red image data that has not been subjected to the
gradation shifting processing is indicated as a comparative
example by the line with white circles. An upper left portion
of the graph of FIG. 20 shows an enlarged view of a higher
gradation side (gradation values 57 through 63) in which
grayscale inversion can occur.

[0196] As shown in FIG. 20, in the comparative example in
which no gradation shifting processing is carried out, gray-
scale inversion occurs at the highest gradation value 63.
Meanwhile, in the liquid crystal display device 210, the gra-
dation value 62 at which transmittance is highest is used as the
gradation value 63. That is, in a case where an input gradation
value is 63, the display data switching circuit 221 shifts the
gradation value to a lower gradation value 62. In this way, the
display data switching circuit 221 shifts input gradation val-
ues to lower gradation values so that output gradation values
become smaller than the input gradation values in every gra-
dation region.

[0197] Intheliquid crystal display device 210 of the present
embodiment, the pseudo multi-gradation circuits 227, 228,
and 229 carry out interpolation of gradation values in order to
prevent a tone jump caused by reduction in the number of
available gradations that occurs due to the gradation value
shifting process.

[0198] The pseudo multi-gradation processing carried out
in the pseudo multi-gradation circuits 227, 228, and 229 is
similar to that described in Embodiment 1, and therefore is
not explained repeatedly.

[0199] The pseudo multi-gradation processing makes it
possible to achieve gradation expressing capability equiva-
lent to that of general image display using gradation values 0
to 63 even though the number of available gradations is
reduced by the gradation value shifting processing.

[0200] As aresult of the above processing, blue image data
having the gradation-transmittance characteristic as shown in
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FIG. 18 can be obtained, green image data having the grada-
tion-transmittance characteristic as shown in FIG. 19, and red
image data having the gradation-transmittance characteristic
as shown in FIG. 20 can be obtained. FIGS. 18, 19, and 20
show an example in which 6-bit (gradation values O to 63)
gradation data is used, but the present invention is not limited
to this.

[0201] FIG. 21 is a graph showing a relationship between a
wavelength of light and a luminosity factor in the liquid
crystal display device 210 of the present embodiment. In FIG.
21, a luminosity factor in the liquid crystal display panel of
the present embodiment is indicated by the solid line, and a
luminosity factor obtained in a case where a cell thickness is
determined on the basis of blue is indicated by the broken line
for comparison.

[0202] As shown in FIG. 21, in the liquid crystal display
device 210 of the present embodiment, the luminosity factor
is improved on the whole, as compared to the conventional
example indicated by the broken line. This is because trans-
mittance of green and red light can be improved as shown in
FIG. 23 since a cell thickness is determined on the basis of the
wavelength 670 nm.

[0203] FIG. 22 shows a result of evaluation of panel prop-
erties in the liquid crystal display device 210. In the table of
FIG. 22, a liquid crystal display panel in which a cell thick-
ness is determined based on blue light is shown as a conven-
tional art, and a liquid crystal display panel in which a cell
thickness is determined based on the wavelength (specifically
the wavelength 670 nm) longer than the wavelength of red but
in which the gradation value shifting processing is not carried
out is shown as a comparative example.

[0204] As shown in FIG. 22, in the conventional art, a cell
thickness is 3.1 pm which is determined based on the blue
light. Meanwhile, in each of the panels of the comparative
example and the present Embodiment 3, a cell thickness is
determined based on light of 670 nm, and is therefore larger
than that of the conventional art. Specifically, the cell thick-
ness of each of the panels of the comparative example and the
present Embodiment 3 is 4.4 um.

[0205] An actual measurement value of transmittance of
white display of the panel of the conventional art is 4.43%,
whereas actual measurement values of transmittance of white
display of the panels of the comparative example and
Embodiment 3 are 4.62% and 4.66%, respectively. This
reveals that the panels of the comparative example and
Embodiment 3 have improved transmittance as compared to
the panel of the conventional art. Further, in a case where
transmittance of white display (indicated by “White” in FIG.
22) in the panel of the conventional art is set to 1 (reference
value), a transmittance ratio among the conventional art, the
comparative example, and Embodiment 3is 1:1.04:1.05. This
reveals that transmittance of the liquid crystal display device
of the present embodiment is improved by 5% as compared
with the conventional liquid crystal display device.

[0206] Note that the white display is mixture of red, green,
and blue display. FIG. 22 also shows transmittance ratios in
the blue, green, and red display (indicated by “Blue”,
“Green”, and “Red” in FIG. 22).

[0207] The bottom of the table of FIG. 22 shows presence
or absence of grayscale inversion (presence of grayscale
inversion is indicated by “x (OCCUR)”, and absence of gray-
scale inversion is indicated by “o (NOT OCCUR)”). As
shown in FIG. 22, in the panel of the comparative example,
grayscale inversion occurs in blue, green, and red images,
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whereas no grayscale inversion occurs in the panel of
Embodiment 3 in which the gradation value shifting process-
ing is carried out. It can be hypothesized that this is reflected
in the transmittance ratios of blue, green, and red display,
transmittance ratio of white display, and actual measurement
values of transmittance.

[0208] FIG. 23 shows simulation values of luminance
ratios among R, G, and B of a color filter and transmittance
ratios of the liquid crystal display device that are obtained in
a case where a cell thickness is determined based on B, G, and
R, respectively. Note that the upper table of FIG. 23 shows
values obtained in a case where no digital y processing is
carried out (i.e., case where only the process of changing a
cell thickness is carried out), and the lower table of FIG. 23
shows values obtained in a case where the digital y processing
is carried out. The “A=670 nm optimum” row of the lower
table of FIG. 23 shows simulation values for the liquid crystal
display device of the present embodiment. Note that, in an
actual liquid crystal display device, light focusing power of a
backlight and polarization plates affect these simulation val-
ues.

[0209] Asis clear from FIG. 23, in the liquid crystal display
device of the present embodiment (A=670 nm optimum),
luminance of W (white) obtained by mixing R, G, and B and
transmittance are improved as compared to the conventional
example (B optimum). That is, it has been confirmed that an
overall transmittance can be made higher in a case where a
cell thickness is determined on the basis of the wavelength
670 nm which is longer than the wavelength of blue, as
compared to a case where a cell thickness is determined on the
basis of blue which has the shortest wavelength.

[0210] As described above, in the liquid crystal display
device of the present embodiment, a cell thickness is deter-
mined on the basis of aretardation value which is based not on
blue light which has the shortest wavelength among R, G, and
B, but on light having the wavelength longer than the wave-
length of red light. This allows not only an improvement in
transmittance of pixels of red which has a wavelength close to
this wavelength, but also an improvement in overall transmit-
tance of an image displayed by a combination of R, G, and B.
[0211] Further, in a case where a cell thickness is deter-
mined on the basis of light having the wavelength longer than
the wavelength of red, the cell thickness can be made larger as
compared with a case where the cell thickness is determined
on the basis of blue or green. This produces an effect of
improvement in durability of a liquid crystal display panel
against mixing in of a foreign substance such as dust.
[0212] Further, it is possible to prevent occurrence of gray-
scale inversion in blue and green pixels by carrying out gra-
dation value shifting processing of shifting input gradation
values into lower gradation values with respect to image data
supplied to the pixels of R, G, and B each of which has shorter
wavelength than the wavelength based on which a cell thick-
ness is determined. This allows an improvement in quality of
a displayed image.

[0213] The present invention is not limited to the descrip-
tion of the embodiments above, but may be altered by a
skilled person within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

INDUSTRIAL APPLICABILITY

[0214] Use of the liquid crystal display device of the
present invention allows an improvement in transmittance of
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a displayed image. The liquid crystal display device of the
presentinvention is applicable to a color liquid crystal display
device.

REFERENCE SIGNS LIST

[0215] 10: Liquid crystal display device

[0216] 11: Liquid crystal display panel

[0217] 12: Gate driving circuit

[0218] 13: Source driving circuit

[0219] 14: Timing controller

[0220] 15: Display control circuit (gradation conversion
section)

[0221] 21,22, 23: Display data switching circuit (grada-
tion conversion section)

[0222] 24, 25, 26: Look-up table (LUT)

[0223] 27:Pseudo multi-gradation circuit (pseudo multi-
gradation section)

[0224] 110: Liquid crystal display device

[0225] 115: Display control circuit (gradation conver-
sion section)

[0226] 121, 122, 123: Display data switching circuit
(gradation conversion section)

[0227] 124,125, 126: Look-up table (LUT)

[0228] 127,128: Pseudo multi-gradation circuit (pseudo
multi-gradation section)

[0229] 210: Liquid crystal display device

[0230] 215: Display control circuit (gradation conver-
sion section)

[0231] 221, 222, 223: Display data switching circuit
(gradation conversion section)

[0232] 224,225, 226: Look-up table (LUT)

[0233] 227, 228, 229: Pseudo multi-gradation circuit
(pseudo multi-gradation section)

[0234] d: Cell thickness (thickness of liquid crystal
layer)
[0235] u: Retardation value

1. A liquid crystal display device comprising

a liquid crystal display panel which has pixels of different
colors and which displays a color image with use of the
pixels,

the liquid crystal display panel including two substrates

and a liquid crystal layer sandwiched between the two
substrates, and

the liquid crystal layer having a thickness that is deter-

mined on a basis of a retardation value which is based on
light which has a wavelength larger than light having
shortest wavelength among light of the different colors.

2. The liquid crystal display device according to claim 1,
further comprising a gradation conversion section that carries
out gradation value shifting processing of shifting input gra-
dation values to lower gradation values with respect to image
data supplied to pixels having a color which has a shorter
wavelength than the wavelength based on which the thickness
of the liquid crystal layer is determined.

3. The liquid crystal display device according to claim 2,
wherein the gradation value shifting processing varies
depending on the color of the pixels.

4. The liquid crystal display device according to claim 2,
further comprising a pseudo multi-gradation section which
carries out pseudo multi-gradation processing with respect to
the image data that has been subjected to the gradation value
shifting processing in the gradation conversion section.
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5. The liquid crystal display device according to claim 2,
wherein the gradation conversion section has a look-up table
in which input gradation values are associated with output
gradation values.

6. The liquid crystal display device according to claim 1,
wherein:

the liquid crystal display panel is constituted by pixels of

blue, green, and red, and

the thickness of the liquid crystal layer is determined on a

basis of a retardation value which is based on a wave-
length of green light or red light.

7. The liquid crystal display device according to claim 1,
wherein:

the liquid crystal display panel is constituted by pixels of

blue, green, and red, and

the thickness of the liquid crystal layer is determined on a

basis of a retardation value which is based on a wave-
length of green light.

8. The liquid crystal display device according to claim 1,
wherein:

the liquid crystal display panel is constituted by pixels of

blue, green, and red, and

the thickness of the liquid crystal layer is determined on a

basis of a retardation value which is based on a wave-
length of red light or a wavelength that is longer than the
wavelength of the red light.

9. A method for driving a liquid crystal display device
including a liquid crystal display panel which has pixels of
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different colors and which displays a color image with use of
the pixels, the liquid crystal display panel including two sub-
strates and a liquid crystal layer sandwiched between the two
substrates, the method comprising the steps of:

(a) determining a thickness of the liquid crystal layer on a
basis of a retardation value which is based on light which
has a wavelength larger than light having shortest wave-
length among light of the different colors; and

(b) carrying out gradation value shifting processing of
shifting input gradation values to lower gradation values
with respect to image data supplied to pixels having a
color which has a shorter wavelength than the wave-
length based on which the thickness of the liquid crystal
layer is determined.

10. The method according to claim 9, wherein

the gradation value shifting processing carried out in the
step (b) varies depending on the color of the pixels.

11. The method according to claim 9, further comprising

the step of

(c) carrying out pseudo multi-gradation processing with
respect to the image data that has been subjected to the
gradation value shifting processing.

12. The method according to claim 9, wherein

in the step (b), the gradation value shifting processing is
carried out with reference to a look-up table in which the
input gradation values are associated with output grada-
tion values.
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