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(57) ABSTRACT

The liquid crystal display device (100) of the present inven-
tion includes a liquid crystal panel (10) having a plurality of
pixels (P), and a backlight (20) having at least one light source
(22) that emits light to the liquid crystal panel (10). Each of
the plurality of pixels (P) includes four or more sub-pixels (R,
G, B, Ye), and the light source unit (22) includes a red light
source (22R), a green light source (22G), and a blue light
source (22B). According to the present invention, a liquid
crystal display device which can perform display of wide
color reproduction range with low power consumption is
provided.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, and more particularly to a liquid crystal display
device which performs display with four or more primary
colors.

BACKGROUND ART

[0002] A liquid crystal display device has such advantages
as a light and thin body and low power consumption. Because
ofthe advantages, aliquid crystal display device is utilized for
not only a small-size display device such as a display portion
of'a mobile telephone, but also a large-size television set. As
for a liquid crystal panel, the liquid crystal panel itself does
not emit light, unlike a self-emitting panel such as a cathode
ray tube (CRT) and a plasma display panel (PDP). Accord-
ingly, a liquid crystal display device generally performs dis-
play by utilizing light of a backlight disposed on a back side
of a liquid crystal panel.

[0003] In recent years, unlike a general liquid crystal dis-
play device with three primary colors, a liquid crystal display
device with four or more primary colors which are additively
mixed is suggested. Such a liquid crystal display device is
also referred to as a multi-primary color liquid crystal display
device. In general, in a multi-primary color liquid crystal
display device, any other primary color is added to the three
primary colors (i.e., red, green, and blue), thereby increasing
the color reproduction range. The multi-primary color liquid
crystal display device performs display in such a manner that
grayscale levels of an input video signal which can be dis-
played by a general three-primary color display device are
converted into grayscale levels of four or more primary colors
(see Patent Documents No. 1 and No. 2, for example). Such
conversion is also referred to as multi-primary color conver-
sion.

CITATION LIST

Patent Literature

[0004] Patent Document No. 1: Japanese Unexamined
Patent Application Publication No. 2004-529396

[0005] Patent Document No. 2: International Publication
No. WO 2007/032133

SUMMARY OF INVENTION

Technical Problem

[0006] In a general multi-primary color liquid crystal dis-
play device, light of constant intensity is emitted from a
backlight in the driving, and a transmittance of a liquid crystal
layer is changed by controlling a voltage applied across the
liquid crystal layer in a liquid crystal panel, thereby repre-
senting various colors. However, in such a liquid crystal dis-
play device, the backlight is turned on even in the case where
a color of low brightness (e.g. black) is to be displayed. Thus,
it is impossible to attempt the reduction of power consump-
tion.

[0007] Thepresent invention has been performed in view of
the above-described problems, and the objective of the
present invention is to provide a liquid crystal display device
which performs display of wide color reproduction range
with low power consumption.

May 9, 2013

Solution to Problem

[0008] The liquid crystal display device of the present
invention is a liquid crystal display device including: a liquid
crystal panel having a plurality of pixels; and a backlight
having at least one light source unit that emits light to the
liquid crystal panel, wherein each of the plurality of pixels has
four or more sub-pixels, and the light source unit includes a
red light source, a green light source, and a blue light source.
[0009] Inone embodiment, the red light source, the green
light source, and the blue light source are a red light emitting
diode, a green light emitting diode, and a blue light emitting
diode, respectively.

[0010] Inoneembodiment, theliquid crystal display device
further includes a control circuit that controls the liquid crys-
tal panel and the backlight based on an input video signal.
[0011] Inone embodiment, the control circuit includes: an
active drive processing portion that generates a light source
signal and a liquid crystal data signal based on the input video
signal; a multi-primary color converting portion that gener-
ates a panel signal from the liquid crystal data signal; a panel
driving circuit that drives the liquid crystal panel based on the
panel signal; and a backlight driving circuit that drives the
backlight based on the light source signal.

[0012] Inoneembodiment, the active drive processing por-
tion generates a backlight signal from the light source signal,
and the multi-primary color converting portion generates the
panel signal based on the backlight signal and the liquid
crystal data signal.

[0013] Inoneembodiment, theliquid crystal display device
varies relative intensities of the red light source, the green
light source, and the blue light source of the light source unit
depending on a color of a pixel indicated by the input video
signal.

[0014] Inoneembodiment, among the red light source, the
green light source, and the blue light source of the light source
unit, a light source corresponding to grayscale levels of red,
green, and blue having the minimum value of the input video
signal is turned off, and a light source corresponding to gray-
scale levels of red, green, and blue having a value higher than
the minimum value of the input video signal is turned on.
[0015] In one embodiment, in the case where the input
video signal indicates yellow, the red light source and the
green light source are turned on, and the blue light source is
turned off.

[0016] In one embodiment, the magnitude correlation
among respective relative intensities of the red light source,
the green light source, and the blue light source is the same as
the magnitude correlation among red, green, and blue gray-
scale levels indicated in the input video signal.

[0017] Inoneembodiment, inthe case where the red, green,
and blue grayscale levels indicated in the input video signal
are higher than the minimum value, respectively, respective
relative transmittances of the four or more sub-pixels in the
liquid crystal panel exhibit the maximum value.

[0018] In one embodiment, in the case where the input
video signal indicates orange or yellowish green, the blue
light source is turned off.

[0019] In one embodiment, in the case where the input
video signal indicates orange or yellowish green, respective
relative intensities of the red light source and the green light
source are higher than a relative intensity of the blue light
source.

[0020] In one embodiment, in the case where the input
video signal indicates green, a relative intensity of the green
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light source is higher than a relative intensity of the red light
source and a relative intensity of the blue light source.
[0021] In one embodiment, the four or more sub-pixels
include a red sub-pixel, a green sub-pixel, a blue sub-pixel,
and a yellow sub-pixel.

[0022] In one embodiment, in the case where the input
video signal indicates yellow, relative transmittances of the
red sub-pixel, the green sub-pixel, and the yellow sub-pixel in
the liquid crystal panel exhibit the maximum value.

[0023] In one embodiment, in the case where the input
video signal indicates green, the green light source is turned
on, and relative transmittances of the green sub-pixel and the
yellow sub-pixel are higher than relative transmittances of the
red sub-pixel and the blue sub-pixel in the liquid crystal panel.
[0024] In one embodiment, in the case where the input
video signal indicates green, the red light source and the green
light source are turned on, and relative transmittances of the
green sub-pixel and the yellow sub-pixel are higher than
relative transmittances of the red sub-pixel and the blue sub-
pixel in the liquid crystal panel.

[0025] In one embodiment, in the case where the red light
source is turned on, a relative transmittance of the red sub-
pixel in the liquid crystal panel exhibits the maximum value,
in the case where the green light source is turned on, a relative
transmittance of the green sub-pixel in the liquid crystal panel
exhibits the maximum value, and in the case where the blue
light source is turned on, a relative transmittance of the blue
sub-pixel in the liquid crystal panel exhibits the maximum
value.

[0026] In one embodiment, in the case where the red light
source is turned on and the green light source is turned off,
relative transmittances of the red sub-pixel and the yellow
sub-pixel are higher than the minimum value, and in the case
where the green light source is turned on and the red light
source is turned off, relative transmittances of the green sub-
pixel and the yellow sub-pixel are higher than the minimum
value.

[0027] In one embodiment, the four or more sub-pixels
further include a cyan sub-pixel.

[0028] In one embodiment, the four or more sub-pixels
include a red sub-pixel, a green sub-pixel, a blue sub-pixel,
and a white sub-pixel.

[0029] In one embodiment, in the case where the input
video signal indicates green, the green light source is turned
on, and relative transmittances of the green sub-pixel and the
white sub-pixel are higher than relative transmittances of the
red sub-pixel and the blue sub-pixel in the liquid crystal panel.
[0030] In one embodiment, in the case where the input
video signal indicates red, the red light source is turned on,
and relative transmittances of the red sub-pixel and the white
sub-pixel are higher than relative transmittances of the green
sub-pixel and the blue sub-pixel in the liquid crystal panel.
[0031] In one embodiment, in the case where the input
video signal indicates blue, the blue light source is turned on,
and relative transmittances of the blue sub-pixel and the white
sub-pixel are higher than relative transmittances of the red
sub-pixel and the green sub-pixel in the liquid crystal panel.
[0032] In one embodiment, in the case where the input
video signal indicates green, the green light source is turned
on, the red light source and/or the blue light source are turned
on, and relative transmittances of the green sub-pixel and the
white sub-pixel are higher than relative transmittances of the
red sub-pixel and the blue sub-pixel in the liquid crystal panel.
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[0033] In one embodiment, in the case where the input
video signal indicates red, the red light source is turned on, the
green light source and/or the blue light source are turned on,
and relative transmittances of the red sub-pixel and the white
sub-pixel are higher than relative transmittances of the green
sub-pixel and the blue sub-pixel in the liquid crystal panel.
[0034] In one embodiment, in the case where the input
video signal indicates blue, the blue light source is turned on,
the red light source and/or the green light source are turned
on, and relative transmittances of the blue sub-pixel and the
white sub-pixel are higher than relative transmittances of the
red sub-pixel and the green sub-pixel.

[0035] Inone embodiment, in the case where the red light
source is turned on, a relative transmittance of the red sub-
pixel in the liquid crystal panel exhibits the maximum value,
in the case where the green light source is turned on, a relative
transmittance of the green sub-pixel in the liquid crystal panel
exhibits the maximum value, and in the case where the blue
light source is turned on, a relative transmittance of the blue
sub-pixel in the liquid crystal panel exhibits the maximum
value.

[0036] Inone embodiment, in the case where the red light
source is turned on, and the green light source and the blue
light source are turned off, relative transmittances of the red
sub-pixel and the white sub-pixel are higher than the mini-
mum value, in the case where the green light source is turned
on, and the red light source and the blue light source are
turned off; relative transmittances of the green sub-pixel and
the white sub-pixel are higher than the minimum value, and in
the case where the blue light source is turned on, and the red
light source and the green light source are turned off, relative
transmittances of the blue sub-pixel and the white sub-pixel
are higher than the minimum value.

Advantageous Effects of Invention

[0037] The liquid crystal display device of the present
invention can perform display of wide color reproduction
range with low power consumption.

BRIEF DESCRIPTION OF DRAWINGS

[0038] In FIG. 1, (a) is a schematic diagram of a liquid
crystal display device in a first embodiment of the present
invention, (b) is a schematic diagram of a liquid crystal panel
in the liquid crystal display device shown in (a), (c) is a
schematic sectional view of the liquid crystal panel shown in
(b), (d) is a schematic diagram of a backlight in the liquid
crystal display device shown in (a), and (e) is a schematic
diagram of a light source unit shown in (d).

[0039] FIG. 2 is a graph showing transmission spectra of
red, green, blue and yellow sub-pixels in the liquid crystal
panel shown in FIG. 1(5).

[0040] FIG. 3 is a graph showing emission spectra of a red
light source, a green light source, and a blue light source
shown in FIG. 1(e).

[0041] FIG. 4 is a schematic diagram of the liquid crystal
display device shown in FIG. 1.

[0042] FIG. 5 shows graphs of the liquid crystal display
device shown in FIG. 1 in the case where an input video signal
indicates green, in which (a) is a graph showing an emission
spectrum of the backlight, (b) is a graph showing a transmis-
sion spectrum of the liquid crystal panel, and (c) is a graph
showing an emitted light spectrum in the case of (b).
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[0043] FIG. 6 is a schematic diagram showing an example
of the liquid crystal display device shown in FIG. 1.

[0044] FIG. 7 is a schematic diagram of the liquid crystal
display device shown in FIG. 6.

[0045] FIG. 8 is a schematic diagram showing luminance
levels of an input video signal, relative intensities of a back-
light, transmittance levels of a liquid crystal data signal, and
relative transmittances of a liquid crystal panel in the liquid
crystal display device shown in FIG. 7.

[0046] In FIG. 9, (a) is a schematic diagram of a liquid
crystal display device in a comparative example 1, and (b) is
a schematic diagram of a liquid crystal panel in the liquid
crystal display device shown in (a).

[0047] FIG. 10 is a schematic diagram showing luminance
levels of an input video signal, relative intensities of a back-
light, and relative transmittances of the liquid crystal panel in
the liquid crystal display device in the comparative example
1.

[0048] In FIG. 11, (a) is a schematic diagram of a liquid
crystal display device in a comparative example 2, (b) is a
schematic diagram of a liquid crystal panel in the liquid
crystal display device shown in (a), and (c) is a schematic
diagram of the liquid crystal display device shown in (a).
[0049] FIG. 12 is a schematic diagram showing luminance
levels of an input video signal, relative intensities of a back-
light, transmittance levels of a liquid crystal data signal, and
relative transmittances of the liquid crystal panel in the liquid
crystal display device in the comparative example 2.

[0050] FIG. 13 is a schematic diagram showing luminance
levels of the input video signal, relative intensities of the
backlight, and relative transmittances of the liquid crystal
panel in the liquid crystal display device in the comparative
example 1.

[0051] FIG. 14 is a schematic diagram showing luminance
levels of the input video signal, relative intensities of the
backlight, transmittance levels of the liquid crystal data sig-
nal, and relative transmittances of the liquid crystal panel in
the liquid crystal display device in the comparative example

[0052] FIG.15is a graph showing normalized luminance of
the liquid crystal display devices in the comparative examples
1 and 2 in the case where the color phase of color indicated in
an input video signal is varied in the range from red to green
via yellow.

[0053] FIG. 16 is a schematic diagram showing luminance
levels of the input video signal, relative intensities of the
backlight, transmittance levels of a liquid crystal data signal,
and relative transmittances of the liquid crystal panel in the
liquid crystal display device shown in FIG. 1.

[0054] FIG. 17 is a schematic diagram showing luminance
levels of the input video signal, relative intensities of the
backlight, transmittance levels of the liquid crystal data sig-
nal, and relative transmittances of the liquid crystal panel in
the liquid crystal display device shown in FIG. 1.

[0055] FIG. 18 is a schematic diagram showing luminance
levels of the input video signal, relative intensities of the
backlight, transmittance levels of the liquid crystal data sig-
nal, and relative transmittances of the liquid crystal panel in
the liquid crystal display device shown in FIG. 1.

[0056] FIG. 19 is a schematic diagram showing the con-
figuration of an active drive processing portion shown in FIG.
7.

[0057] In FIG. 20, (a) is a schematic diagram of a liquid
crystal display device in a second embodiment of the present
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invention, and (b) is a schematic diagram of a liquid crystal
panel in the liquid crystal display device shown in (a).
[0058] FIG. 21 is a schematic diagram showing an example
of the liquid crystal display device shown in FIG. 20.

[0059] FIG. 22 shows graphs of the liquid crystal display
device shown in FIG. 20 in the case where an input video
signal indicates green, in which (a) is a graph showing an
emission spectrum of a backlight, (b) is a graph showing a
transmission spectrum of a yellow sub-pixel in the liquid
crystal panel, (¢) is a graph showing an emitted light spectrum
in the case of (a) and (b), and (d) is a graph showing an emitted
light spectrum of the liquid crystal display device shown in
FIG. 20.

[0060] FIG. 23 is a schematic diagram showing luminance
levels of the input video signal, relative intensities of the
backlight, transmittance levels of a liquid crystal data signal,
and relative transmittances of the liquid crystal panel in the
liquid crystal display device shown in FIG. 20.

[0061] FIG. 24 is a schematic diagram showing luminance
levels of the input video signal, relative intensities of the
backlight, transmittance levels of the liquid crystal data sig-
nal, and relative transmittances of the liquid crystal panel in
the liquid crystal display device shown in FIG. 20.

[0062] FIG. 25 shows graphs showing the variations of
chromaticity and normalized luminance in accordance with
the change of the relative intensity of the red light source in
the backlight in the case where the input video signal indi-
cates green in the liquid crystal display device shown in FIG.
20, in which (a) is a graph showing the variation of chroma-
ticity, and (b) is a graph showing the variation of normalized
luminance.

[0063] FIG. 26 shows graphs showing the variations of
chromaticity and normalized luminance in accordance with
the change of the relative intensity of the red light source in
the backlight in the case where the input video signal indi-
cates green in the liquid crystal display device shown in FIG.
20, in which (a) is a graph showing the variation of chroma-
ticity, and (b) is a graph showing the variation of normalized
luminance.

[0064] FIG. 27 shows graphs showing the variations of
chromaticity and normalized luminance in accordance with
the change of the relative intensity of the red light source in
the backlight in the case where the input video signal indi-
cates green in the liquid crystal display device shown in FIG.
20, in which (a) is a graph showing the variation of chroma-
ticity, and (b) is a graph showing the variation of normalized
luminance.

[0065] FIG. 28 shows graphs showing the variations of
chromaticity and normalized luminance in accordance with
the change of the relative intensity of the red light source in
the backlight in the case where the input video signal indi-
cates green in the liquid crystal display device shown in FIG.
20, in which (a) is a graph showing the variation of chroma-
ticity, and (b) is a graph showing the variation of normalized
luminance.

[0066] In FIG. 29, (a) is a schematic diagram of a liquid
crystal display device in a third embodiment of the present
invention, (b) is a schematic diagram of a liquid crystal panel
in the liquid crystal display device shown in (a), and (¢) is a
schematic sectional view of the liquid crystal panel shown in
(b).

[0067] FIG. 30 shows graphs of the liquid crystal display
device shown in FIG. 29 in the case where an input video
signal indicates green, in which (a) is a graph showing an
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emission spectrum of a backlight, (b) is a graph showing a
transmission spectrum of the liquid crystal panel, and (¢) is a
graph showing an emitted light spectrum in the case of (a) and
(b).

[0068] FIG.31is aschematic diagram showing an example
of the liquid crystal display device shown in FIG. 29.

[0069] FIG. 32 is a schematic diagram of the liquid crystal
display device shown in FIG. 31.

[0070] FIG. 33 is a schematic diagram showing luminance
levels of an input video signal, relative intensities of the
backlight, transmittance levels of a liquid crystal data signal,
and relative transmittances of the liquid crystal panel in the
liquid crystal display device shown in FIG. 32.

[0071] In FIG. 34, (a) is a schematic diagram of a liquid
crystal display device in a comparative example 3, (b) is a
schematic diagram of a liquid crystal panel in the liquid
crystal display device shown in (a), and (c) is a schematic
diagram of the liquid crystal display device shown in (a).
[0072] FIG. 35 is a schematic diagram showing luminance
levels of an input video signal, relative intensities of a back-
light, transmittance levels of a liquid crystal data signal, and
relative transmittances of the liquid crystal panel in the liquid
crystal display device in the comparative example 3.

[0073] FIG. 36 is a schematic diagram showing luminance
levels of the input video signal, relative intensities of the
backlight, transmittance levels of the liquid crystal data sig-
nal, and relative transmittances of the liquid crystal panel in
the liquid crystal display device in the comparative example
3.

[0074] FIG. 37 is a schematic diagram showing luminance
levels of the input video signal, relative intensities of the
backlight, transmittance levels of a liquid crystal data signal,
and relative transmittances of the liquid crystal panel in the
liquid crystal display device shown in FIG. 29.

[0075] In FIG. 38, (a) is a schematic diagram of a liquid
crystal display device in a fourth embodiment of the present
invention, and (b) is a schematic diagram of a liquid crystal
panel in the liquid crystal display device shown in (a).
[0076] FIG. 39 is a schematic diagram showing an example
of the liquid crystal display device shown in FIG. 38.

[0077] FIG. 40 shows graphs of the liquid crystal display
device shown in FIG. 38 in the case where an input video
signal indicates green, in which (a) is a graph showing an
emission spectrum of backlight, (b) is a graph showing a
transmission spectrum of a yellow sub-pixel in the liquid
crystal panel, (¢) is a graph showing an emitted light spectrum
inthe case of (a) and (b), and (d) is a graph showing an emitted
light spectrum of the liquid crystal display device shown in
FIG. 38.

[0078] FIG. 41 is a schematic diagram showing luminance
levels of an input video signal, relative intensities of the
backlight, transmittance levels of a liquid crystal data signal,
and relative transmittances of the liquid crystal panel in the
liquid crystal display device shown in FIG. 38.

[0079] FIG. 42 is a schematic diagram showing luminance
levels of the input video signal, relative intensities of the
backlight, transmittance levels of the liquid crystal data sig-
nal, and relative transmittances of the a liquid crystal panel in
the liquid crystal display device shown in FIG. 38.

[0080] FIG. 43 shows graphs showing the variations of
chromaticity and normalized luminance in accordance with
the change of the relative intensity of the red light source in
the backlight in the case where the input video signal indi-
cates green in the liquid crystal display device shown in FIG.
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38, in which (a) is a graph showing the variation of chroma-
ticity, and (b) is a graph showing the variation of normalized
luminance.

[0081] FIG. 44 shows graphs showing the variations of
chromaticity and normalized luminance in accordance with
the change of the relative intensity of the red light source in
the backlight in the case where the input video signal indi-
cates green in the liquid crystal display device shown in FIG.
38, in which (a) is a graph showing the variation of chroma-
ticity, and (b) is a graph showing the variation of normalized
luminance.

[0082] FIG. 45 shows graphs showing the variations of
chromaticity and normalized luminance in accordance with
the change of the relative intensity of the red light source in
the backlight in the case where the input video signal indi-
cates green in the liquid crystal display device shown in FIG.
38, in which (a) is a graph showing the variation of chroma-
ticity, and (b) is a graph showing the variation of normalized
luminance.

[0083] FIG. 46 shows graphs showing the variations of
chromaticity and normalized luminance in accordance with
the change of the relative intensity of the red light source in
the backlight in the case where the input video signal indi-
cates green in the liquid crystal display device shown in FIG.
38, in which (a) is a graph showing the variation of chroma-
ticity, and (b) is a graph showing the variation of normalized
luminance.

DESCRIPTION OF EMBODIMENTS

[0084] Hereinafter with reference to the accompanying
drawings, embodiments of a liquid crystal display device of
the present invention will be described. It is noted that the
present invention should not be limited to the embodiments
which will be described below.

Embodiment 1

[0085] Hereinafter a first embodiment of the liquid crystal
display device of the present invention will be described. FIG.
1(a) shows a schematic diagram of a liquid crystal display
device 100 in this embodiment. The liquid crystal display
device 100 includes a liquid crystal panel 10 and a backlight
20.

[0086] The liquid crystal panel 10 has a plurality of pixels.
The plurality of pixels are arranged in a matrix of a plurality
of rows and a plurality of columns. Each pixel is defined by
four or more sub-pixels. The liquid crystal panel 10 and the
liquid crystal display device 100 are also referred to as a
multi-primary color panel and a multi-primary color display
device, respectively.

[0087] FIG. 1() shows a schematic diagram of a pixel P in
the liquid crystal panel 10. The pixel P includes four or more
sub-pixels. The four or more sub-pixels display colors which
are different from each other. The pixel P is also referred to as
a color display pixel. Herein the pixel P includes a red sub-
pixel R, a green sub-pixel G, a blue sub-pixel B, and a yellow
sub-pixel Ye.

[0088] InFIG.1(b),the red sub-pixel R, the green sub-pixel
G, the blue sub-pixel B, and the yellow sub-pixel Ye are
shown in a line along a row direction. Alternatively, the red
sub-pixel R, the green sub-pixel G, the blue sub-pixel B, and
the yellow sub-pixel Ye may be arranged in a matrix of two
rows and two columns. In FIG. 1(), areas of the red sub-pixel
R, the green sub-pixel G, the blue sub-pixel B, and the yellow
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sub-pixel Ye are shown so as to be equal to each other. Alter-
natively, the areas of the red sub-pixel R, the green sub-pixel
G, the blue sub-pixel B, and the yellow sub-pixel Ye may be
different. When an average of the areas of the red sub-pixel R,
the green sub-pixel G, the blue sub-pixel B, and the yellow
sub-pixel Ye is referred to as a sub-pixel average area, the area
ofthe red sub-pixel R is larger than the sub-pixel average area,
so that the red color of high brightness can sufficiently be
represented. The area of the blue sub-pixel B is larger than the
sub-pixel average area, so that it is possible to suppress the
reduction of luminous efficiency of the backlight. For the
above-described reasons, it is preferred that the areas of the
red sub-pixel R and the blue sub-pixel B be larger than the
area of the green sub-pixel G and the yellow sub-pixel Ye.

[0089] FIG. 1(c) shows a schematic sectional view of the
liquid crystal panel 10. In the liquid crystal panel 10, each of
the red sub-pixel R, the green sub-pixel G, the blue sub-pixel
B, and the yellow sub-pixel Ye includes a pair of electrodes
12a and 1254 and a liquid crystal layer LC positioned between
the electrodes 12a and 125. In the red sub-pixel R, the green
sub-pixel G, the blue sub-pixel B, and the yellow sub-pixel
Ye, color filters 13R, 13G, 13B, and 13Y are provided,
respectively.

[0090] Herein the liquid crystal layer L.C is a liquid crystal
layer of vertical alignment type. The electrode 12a is disposed
on a back substrate 164, and the electrode 125 and the color
filters 13R, 13G, 13B, and 13Y are disposed on a front sub-
strate 165. The electrode 12a is disposed separately for each
sub-pixel, and the electrode 125 is disposed in common (con-
tinuously) among a plurality of sub-pixels (typically a plural-
ity of pixels P). Although not shown in the figure, on the back
substrate 164, a gate bus line, a storage capacitor bus line, an
insulating layer, a source bus line, a thin film transistor, an
alignment film, and the like are further disposed. On the front
substrate 16, an alignment film and the like are further
disposed. On the outer sides of the back substrate 16a and the
front substrate 165, polarizing plates are disposed.

[0091] For example, the liquid crystal layer L.C contains a
nematic liquid crystal material having negative dielectric
anisotropy. In combination with the polarizing plates which
are arrange in a crossed Nichol manner, display is performed
in a normally black mode. In this specification, the liquid
crystal layers LC of the red sub-pixel R, the green sub-pixel
G, the blue sub-pixel B, and the yellow sub-pixel Ye may
sometimes be referred to as liquid crystal layers LC,, LC,
LCjg, and LC,, respectively.

[0092] FIG. 1(d) shows a schematic diagram of the back-
light 20. The backlight 20 includes at least one light source
unit 22. Herein, in the backlight 20, a plurality of light source
units 22 are arrange in a matrix having a plurality of rows and
a plurality of columns. One light source unit 22 corresponds
to a plurality of pixels. For example, in the case of Full
Hi-Vision standards, 1920x1080 pixels are provided in the
liquid crystal panel 10, but 1000 to 2000 light source units 22
are provided in the backlight 20. Alternatively, in the back-
light 20, 100 to 200 light source units 22 may be provided.

[0093] FIG. 1(e) shows a schematic diagram of the light
source unit 22. The light source unit 22 includes a red light
source 22R, a green light source 22G, and a blue light source
22B. The intensities of light emitted from the red light source
22R, the green light source 22G, and the blue light source 22B
can be controlled mutually independently. By controlling the
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intensities of light respectively emitted from the light sources
22R, 22G, and 22B of the light source unit 22, the light of the
backlight 20 can be changed.

[0094] As the red light source 22R, the green light source
22G, and the blue light source 22B, for example, a red light
emitting diode (LED), a green light emitting diode, a blue
light emitting diode are suitably utilized, respectively. In the
following description of this specification, the red light
source 22R, the green light source 22G, and the blue light
source 22B may sometimes be simply referred to as light
sources 22R, 22G, and 22B, respectively.

[0095] For example, the backlight 20 may be a direct back-
light. Although not shown in the figure, a diffuser may be
provided between the liquid crystal panel 10 and the light
source unit 22. Alternatively, the backlight 20 may be a back-
light of edge lighting type. Although not shown in the figure,
a light guiding plate may be provided between the liquid
crystal panel 10 and the light source unit 22. Such a diffuser
or light guiding plate is disposed in the backlight 20. As
described above, in the case where a plurality of light source
units 22 are provided, the variation of intensities of light
emitted from the light sources 22R, 22G, and 22B may some-
times be relatively large. However, after the light source unit
22 is disposed in the backlight 20, an electric current or the
like supplied to the light sources 22R, 22G, and 22B is finely
adjusted, thereby suppressing the variation of intensities of
light emitted from the light sources 22R, 22G, and 22B.
[0096] The backlight 20 emits light from the light sources
22R, 22G, and 22B to the liquid crystal panel 10. The inten-
sities of light emitted from the light sources 22R, 22G, and
22B can be arbitrarily controlled. For example, the intensities
oflight emitted from the light sources 22R, 22G, and 22B are
controlled in accordance with the electric current supplied to
the light sources 22R, 22G, and 22B. The control of the
intensities of light from the light sources 22R, 22G, and 22B
is performed by pulse width modulation (PWM). For
example, by increasing the duty ratio, the intensities of light
from the light sources 22R, 22G, and 22B can be increased.
Alternatively, by increasing the amplitude of pulse, the inten-
sities of light from the light sources 22R, 22G, and 22B can be
increased. Alternatively, by increasing the duty ratio and also
increasing the amplitude of pulse, the intensities of light from
the light sources 22R, 22G, and 22B can be increased.
[0097] As described above, in this embodiment, a plurality
oflight source units 22 are disposed in the backlight 20. In the
following description of this specification, in the pixel P of the
liquid crystal panel 10, an area of the pixel P which is irradi-
ated with light from one light source unit 22 is referred to as
a light irradiation area. A light irradiation area by a certain
light source unit 22 and a light irradiation area by a light
source unit 22 which is adjacent thereto are partially over-
lapped. By controlling the intensity of light emitted from a
light source unit 22, the intensity of light incident on a pixel P
in the light irradiation area corresponding to the light source
unit 22 of the liquid crystal panel 10 from the backlight 20 is
varied. In the case where all pixels P in the light irradiation
area display black, the power consumption can be reduced by
turning off the light source unit 22. In addition, by making
different the intensities of light source units 22 in the back-
light 20, a high contrast ratio can be easily realized.

[0098] As described above, in the liquid crystal display
device 100, the color filters 13R, 13G, 13B, and 13Y are
provided on the front substrate 165. The light emitted from
the backlight 20 is transmitted through the liquid crystal
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layers LCg, LC4, LCy, and LCy, and thereafter transmitted
through the color filters 13R, 13G, 13B, and 13Y, thereby
performing display of red, green, blue, and yellow. The trans-
mittances of the liquid crystal layers LC,, LCs, LCy, and
LCy are varied depending on the voltage applied across the
liquid crystal layers LCy, LC, LCy, and LCy, i.e., the voltage
between the electrode 12a and the electrode 124.

[0099] The color filters 13R, 13G, 13B, and 13Y are spe-
cific to the liquid crystal panel 10. In the case where the
transmittances of the liquid crystal layers LCg, LC4, LCp,
and LC, exhibit the minimum value, respectively, the trans-
mittances of the red sub-pixel R, the green sub-pixel G, the
blue sub-pixel B, and the yellow sub-pixel Ye in the liquid
crystal panel 10 also exhibit the minimum value. On the
contrary, in the case where the transmittances of the liquid
crystal layers LC,, LC, LCy, and LC,-exhibit the maximum
value, respectively, the transmittances of the red sub-pixel R,
the green sub-pixel G, the blue sub-pixel B, and the yellow
sub-pixel Ye in the liquid crystal panel 10 also exhibit the
maximum value.

[0100] FIG. 2 shows transmission spectra of the red sub-
pixel R, the green sub-pixel G, the blue sub-pixel B, and the
yellow sub-pixel Ye in the liquid crystal panel 10. For
example, the transmission spectrum of the red sub-pixel R
indicates the transmission spectrum of the liquid crystal panel
10 when the transmittance of the red sub-pixel R is made to be
the maximum value, and the transmittances of the green sub-
pixel G, the blue sub-pixel B, and the yellow sub-pixel Ye are
made to be the minimum value. Specifically, the transmission
spectrum of the red sub-pixel R is measured in the condition
where the applied voltage across the liquid crystal layer LCy
in the liquid crystal panel 10 is made to be the maximum
value, and the applied voltages across the liquid crystal layers
LCg, LCg, and LCy are made to be the minimum value. The
transmission spectra of the green sub-pixel G, the blue sub-
pixel B, and the yellow sub-pixel Ye are also measured in the
same way. In the liquid crystal panel 10, the red sub-pixel R
mainly transmits light having wavelengths of 570 nm or
more, and the green sub-pixel G mainly transmits light having
wavelengths of 480 nm to 580 nm. The blue sub-pixel B
mainly transmits light having wavelengths of 400 nm to 520
nm, and the yellow sub-pixel Ye mainly transmits light having
wavelengths of 500 nm or more.

[0101] FIG. 3 shows emission spectra of the light sources
22R, 22G, and 22B in the backlight 20. As described above,
the respective intensities of the light sources 22R, 22G, and
22B can be controlled. FIG. 3 shows the emission spectra
when the respective intensities of the light sources 22R, 22G,
and 22B are made to be the maximum. The peak wavelength
of the emission spectrum of the light source 22R is about 450
nm, the peak wavelength of the emission spectrum of the light
source 22G is about 520 nm, and the peak wavelength of the
emission spectrum of the light source 22B is about 630 nm.
[0102] FIG. 4 shows a schematic diagram of the liquid
crystal display device 100. As described above, in the back-
light 20, the light source unit 22 includes the light sources
22R, 22G, and 22B. The backlight 20 emits light from the
light sources 22R, 22G, and 22B to the liquid crystal panel 10.
The intensities of light emitted from the light sources 22R,
22@G, and 22B can be arbitrarily controlled. Not only the
intensity but also the color temperature of the light from the
backlight 20 can be controlled.

[0103] Inthis specification, the intensity of the light source
22R which is normalized by the minimum value and the
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maximum value is indicated by a relative intensity sr. Simi-
larly, the intensities of the light sources 22G and 22B which
are normalized by the minimum value and the maximum
value are indicated by relative intensities sg and sb, respec-
tively. The minimum value of the respective relative intensi-
ties sr, sg, and sb is 0 (zero), and the maximum value thereof
is 1. The respective relative intensities sr, sg, and sb are varied
in the range of 0 or more and 1 or less. In this specification, in
the case where the relative intensities sr, sg, and sb are the
minimum value (i.e., 0), the light sources 22R, 22G, and 22B
are in the off state, respectively. In the case where the relative
intensities st, sg, and sb are higher than the minimum value
(i.e., st, sg, sb>0), the light sources 22R, 22G, and 22B are in
the on state, respectively.

[0104] The light emitted from the backlight 20 is varied in
accordance with the intensities of the light of the light sources
22R, 22G, and 22B. On the pixel P in a region in which the
light irradiation areas by light source units 22 adjacent to each
other are overlapped, light of respective light sources 22R,
22G, and 22B of different light source units 22 is incident.

[0105] Inthe following description of this specification, in
the light emitted from the backlight 20 to the respective pixels
P in the liquid crystal panel 10, the respective intensities from
the light sources 22R, 22G, and 22B which are normalized by
the minimum value and the maximum value are referred to as
relative intensities br, bg, and bb. When the relative intensities
st, sg, and srare determined, the relative intensities br, bg, and
bb are determined accordingly. When the respective relative
intensities st, sg, and sb are 1, the relative intensities br, bg,
and bb are 1, respectively. When the respective relative inten-
sities sr, sg, and sb are 0, the relative intensities br, bg, and bb
are 0, respectively.

[0106] In the case where the relative intensities sr, sg, and
sb ofthe respective light source units 22 are the same, the ratio
of'the relative intensities br, bg, and bb of the backlight 20 in
the pixel P of the liquid crystal panel 10 is substantially the
same, but the intensity of light emitted from the backlight 20
in accordance with the pixel P is not necessarily the same. For
example, even in the case where the intensities of light emit-
ted from the light sources 22R of the respective light source
units 22 are the same, the intensities of light from the light
sources 22R in different pixels P are not necessarily the same.
Similarly, even in the case where the intensities of light emit-
ted from the light sources 22G and 22B of the respective light
source units 22 are the same, the intensities of light from the
light sources 22G and 2254 in different pixels P are not nec-
essarily the same.

[0107] Inthe following description of this specification, in
order to prevent the description from being excessively com-
plicated, except for the case especially noted, when the rela-
tive intensities sr of the respective light source units 22 are the
same, light of the light sources 22 is incident on the respective
pixels P in the liquid crystal panel 10 with the same intensity.
Similarly, when the relative intensities sg and sr of the respec-
tive light source units 22 are the same, the light of the light
sources 22G and 22B is incident on the respective pixels P of
the liquid crystal panel 10 with the same intensities. In the
case where the relative intensities sr, sg, and sb of the respec-
tive light source unit 22 are the same, typically, the magnitude
correlation among the relative intensities br, bg, and bb of the
backlight 20 is the same as the magnitude correlation among
the relative intensities sr, sg, and sb of the light sources 22R,
22G, and 22B. For example, the relative intensities br, bg, and
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bb of the backlight 20 are the same as the relative intensities
st, sg, and sb of the light sources 22R, 22G, and 22B, respec-
tively.

[0108] As described above, in the liquid crystal panel 10,
the pixel P includes the red, green, blue, and yellow sub-
pixels R, G, B, and Ye. In this specification, grayscale levels of
red, green, blue, and yellow of the liquid crystal panel 10 are
indicated by pg, Ps, Ps» and py- The grayscale levels pg, pg,
ps. and py correspond to the transmittances of the liquid
crystal layers LCy, LC 5, LCg, and LCof the red, green, blue,
and yellow sub-pixels R, G, B, and Ye. Specifically, across the
liquid crystal layers LCg, LC4, LCg, and LC; of the red,
green, blue, and yellow sub-pixels R, G, B, and Ye, voltages
corresponding to the grayscale levels pz, ps. Pz, and p, are
applied, so that the transmittances of the red, green, blue, and
yellow sub-pixels R, G, B, and Ye are changed. As described
above, in the liquid crystal display device 100 in this embodi-
ment, it is noted that the intensity of light from the backlight
20 is varied, so that the grayscale level of the liquid crystal
panel 10 does not necessarily agree with the grayscale level of
the liquid crystal display device 100.

[0109] Inthe case where the liquid crystal panel 10 is of the
normally black type, the transmittances exhibit the minimum
value when the lowest applied voltage (typically, the voltage
of zero) is applied to the respective liquid crystal layers L.Cy,
LCg, LCg, and LC,, and the transmittances exhibit the maxi-
mum value when the highest applied voltage is applied to the
respective liquid crystal layers LC,, LC, LCy, and LC,. In
the case where the applied voltage across the liquid crystal
layers LCg, LCgs, LCg, and LCy is low, the transmittances of
the red sub-pixel R, the green sub-pixel G, the blue sub-pixel
B, and the yellow sub-pixel Ye are low. In the case where the
applied voltage across the liquid crystal layers LCy, LC,,
LCj, and LCy is high, the transmittances of the red sub-pixel
R, the green sub-pixel G, the blue sub-pixel B, and the yellow
sub-pixel Ye are high.

[0110] As described above, the grayscale levels pg, Pg, Pss
and p, of the liquid crystal panel 10 correspond to the trans-
mittances of the red, green, blue, and yellow sub-pixels R, G,
B, and Ye in the liquid crystal panel 10. In the following
description of this specification, the transmittances of which
the minimum value and the maximum value in the respective
red, green, blue, and yellow sub-pixels R, G, B, and Ye are
normalized to be zero (0) and 1, respectively, are represented
by relative transmittances p, ps, Pg, and p,- In the case where
the intensity of light from the backlight 20 is constant, the
grayscale levels p, ps, P5> and py-are non-linear with respect
to the luminance (or the intensity of emitted light), but the
relative transmittances pz, Pg, Ps, and py are linear with
respect to the luminance (or the intensity of emitted light).
[0111] The light emitted from the light sources 22R, 22G,
and 22B in the backlight 20 is transmitted through the red,
green, blue, and yellow sub-pixels R, G, B, and Ye in the
liquid crystal panel 10, and then emitted from the red, green,
blue, and yellow sub-pixels R, G, B, and Ye. The light emitted
from the red, green, blue, and yellow sub-pixels R, G, B, and
Ye reaches an observer, and luminance corresponding to the
intensity of emitted light is exhibited. In the red, green, blue,
and yellow sub-pixels R, G, B, and Ye, the luminance is
increased as the intensity of emitted light becomes higher, and
the luminance is lowered as the intensity of emitted light
becomes lower.

[0112] The intensity of light emitted from each pixel P of
the liquid crystal panel 10 is expressed by the product of the
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intensity of light emitted from the backlight 20 and the trans-
mittance of the liquid crystal panel 10. For example, the
intensity of light emitted from each pixel P of the liquid
crystal panel 10 is expressed by the sum of the intensities of
light emitted from the red sub-pixel R, the green sub-pixel G,
the blue sub-pixel B, and the yellow sub-pixel Ye.

[0113] Specifically, the light emitted from the red sub-pixel
R is mainly the light emitted from the light source 22R in the
backlight 20 and then transmitted through the liquid crystal
layer LCy and the color filter 13R in the liquid crystal panel
10. Accordingly, the intensity of light emitted from the red
sub-pixel R is mainly expressed by the product of the inten-
sity of light of the light source 22R in the backlight 20 and the
transmittance of the red sub-pixel R. The transmittance of the
red sub-pixel R is mainly expressed by the product of the
transmittance of the color filter 13R and the transmittance of
the liquid crystal layer LCy.

[0114] Similarly, the light emitted from the green sub-pixel
G is mainly the light emitted from the light source 22G in the
backlight 20 and then transmitted through the liquid crystal
layer LC; and the color filter 13G in the liquid crystal panel
10. Accordingly, the intensity of light emitted from the green
sub-pixel G is mainly expressed by the product of the inten-
sity of light of the light source 22G in the backlight 20 and the
transmittance of the green sub-pixel G. The transmittance of
the green sub-pixel G is mainly expressed by the product of
the transmittance of the color filter 13G and the transmittance
of the liquid crystal layer LC.

[0115] The light emitted from the blue sub-pixel B is
mainly the light emitted from the light source 22B in the
backlight 20 and then transmitted through the liquid crystal
layer LCy and the color filter 13B in the liquid crystal panel
10. Accordingly, the intensity of light emitted from the blue
sub-pixel B is mainly expressed by the product of the inten-
sity of light of the light source 22B in the backlight 20 and the
transmittance of the blue sub-pixel B. The transmittance of
the blue sub-pixel B is mainly expressed by the product of the
transmittance of the color filter 13B and the transmittance of
the liquid crystal layer LCj.

[0116] The light emitted from the yellow sub-pixel Ye is
mainly the light emitted from the light sources 22R and 22G
in the backlight 20 and then transmitted through the liquid
crystal layer LC,-and the color filter 13Y in the liquid crystal
panel 10. Accordingly, the intensity of light emitted from the
yellow sub-pixel Ye is mainly expressed by the product of the
sum of'the intensities of light of the light sources 22R and 22G
in the backlight 20 and the transmittance of the yellow sub-
pixel Ye. The transmittance of the yellow sub-pixel Ye is
mainly expressed by the product of the transmittance of the
color filter 13Y and the transmittance of the liquid crystal
layer LCy.

[0117] The grayscale levels pg, pg, P5> and py of the liquid
crystal panel 10 and the relative intensities br, bg, and bb of
the backlight 20 are set in accordance with an input video
signal. The input video signal is a signal which can be utilized
for a cathode ray tube (CRT) with gamma value of 2.2, for
example, and is conformed to NTSC (National Television
Standards Committee) standards or PAL (Phase Alternating
Line) standards. The input video signal indicates red, green,
and blue grayscale levels r, g, and b. In general, the grayscale
levels r, g, and b are represented by 8 bits. Alternatively, the
input video signal has a value which can be converted into the
red, green and blue grayscale levels r, g, and b. The value
thereof is expressed in three dimensions. For example, the
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input video signal is YCrCb signal. In the case where the input
video signal is conformed to the BT.709 standards, the gray-
scale levels r, g, and b of the input video signal are within the
range from the lowest grayscale level (e.g. the grayscale level
0f 0) to the highest grayscale level (e.g. the grayscale level of
255), respectively. In the following description, the grayscale
levels r, g, and b of the input video signal mean not only the
grayscale levels indicated in the input video signal itself, but
also the grayscale levels obtained by converting the values
indicated in the input video signal.

[0118] The grayscale levels r, g, and b of the input video
signal have non-linear relationships with respect to the lumi-
nance of red, green, and blue. In this specification, the gray-
scale levels r, g, and b of the input video signal are converted
so as to have linear relationships with respect to the lumi-
nance of red, green, and blue in accordance with predeter-
mined relationships, and such converted grayscale levels are
also referred to as luminance levels r, g, and b. The luminance
levels r, g, and b are normalized by the minimum value and the
maximum value of respective luminance of red, green, and
blue. In the case where the respective luminance of red, green,
and blue indicates the maximum luminance, the luminance
levelis 1. Inthe case where the respective luminance indicates
the minimum luminance, the luminance level is 0 (zero). The
grayscale levels r, g, and b are non-linear with respect to the
luminance, but the luminance levels r, g, and b are linear with
respect to the luminance. The magnitude correlation among
the grayscale levels r, g, and b is the same as that of the
luminance levels r, g, and b.

[0119] Typically, in the case where the input video signal
indicates white, the light of the respective light sources 22R,
22G, and 22B in the backlight 20 exhibits the highest inten-
sity, and the transmittances of the red sub-pixel R, the green
sub-pixel G, the blue sub-pixel B, and the yellow sub-pixel Ye
in the liquid crystal panel 10 exhibit the maximum values,
respectively. In this case, the red sub-pixel R, the green sub-
pixel G, the blue sub-pixel B, and the yellow sub-pixel Ye
exhibit the maximum luminance, respectively.

[0120] Table 1 shows luminance ratios of the red sub-pixel
R, the green sub-pixel G, the blue sub-pixel B, and the yellow
sub-pixel Ye in the liquid crystal display device 100. The
luminance ratio of the red sub-pixel R indicates the ratio of
the luminance of the red sub-pixel R to the luminance of the
pixel P when white (W) is displayed. Specifically, the lumi-
nance ratio of the red sub-pixel R is the luminance ratio in the
case where the red sub-pixel R exhibits the highest transmit-
tance and the other sub-pixels (i.e., the green sub-pixel G, the
blue sub-pixel B, and the yellow sub-pixel Ye) exhibit the
lowest transmittances with respect to the luminance when
white (W) is displayed. Similarly, the luminance ratios of the
green sub-pixel G, the blue sub-pixel B, and the yellow sub-
pixel Ye are the luminance ratios in the case where the corre-
sponding sub-pixel exhibits the highest transmittance and the
other sub-pixels exhibit the lowest transmittances with
respect to the luminance when white (W) is displayed.

TABLE 1

Luminance Ratio

10.7%
33.8%
11.8%
43.7%

100%

£xwaR

[0121] Typically, in the case where the input video signal
indicates black, the relative intensities of the respective light
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sources 22R, 22G, and 22B in the backlight 20 indicate the
minimum values, and the transmittances of the red sub-pixel
R, the green sub-pixel G, the blue sub-pixel B, and the yellow
sub-pixel Ye in the liquid crystal panel 10 indicate the mini-
mum value, respectively. In this case, the red sub-pixel R, the
green sub-pixel G, the blue sub-pixel B, and the yellow sub-
pixel Ye exhibit the lowest luminance, respectively.

[0122] In the liquid crystal display device 100 in this
embodiment, each pixel P in the liquid crystal panel 10
includes four or more sub-pixels for displaying colors which
are different from each other, and each light source unit 22
includes light sources 22R, 22G, and 22B. Accordingly, dis-
play can be performed in wide color reproduction range. In
addition, depending on the change of colors to be displayed,
not only the transmittances of the liquid crystal layers LCp,
LC, LCy,and LCin the liquid crystal panel 10 are changed,
but also the relative intensities of the light sources 22R, 22G,
and 22B of each light source unit 22 in the backlight 20 can be
changed. Thus it is possible to improve the contrast ratio and
realize the reduction in power consumption.

[0123] Specifically, in the case where the liquid crystal
display device 100 displays red, the light source 22R in the
backlight 20 is turned on, and the light sources 22G and 22B
are turned off. In the liquid crystal panel 10, the red sub-pixel
R transmits light, and the other sub-pixels block out the light.
Similarly, in the case where the liquid crystal display device
100 displays green, the light source 22G is turned on, and the
light sources 22R and 22B are turned off. In the liquid crystal
panel 10, the green sub-pixel G transmits light, and the other
sub-pixels block out the light. Similarly, in the case where the
liquid crystal display device 100 displays blue, the light
source 22B is turned on, and the light sources 22R and 22G
areturned off. In the liquid crystal panel 10, the blue sub-pixel
B transmits light, and the other sub-pixels block out the light.
In the case where the liquid crystal display device 100 dis-
plays yellow, the light sources 22R and 22G are turned on, and
the light source 22B is turned off. In the liquid crystal panel
10, the yellow sub-pixel Ye transmits light, and the other
sub-pixels block out the light. As described above, in accor-
dance with the colors to be displayed on the liquid crystal
display device 100, the turning on and off of the light sources
22R, 22G, and 22B are controlled, thereby reducing the
power consumption. In addition, in accordance with the col-
ors to be displayed on the liquid crystal display device 100,
not only the transmittances of the red, green, blue, and yellow
sub-pixels R, G, B, and Ye are changed, the intensities of light
emitted from the light sources 22R, 22G, and 22B are con-
trolled, thereby realizing high contrast ratio.

[0124] For example, in the case where the liquid crystal
display device 100 displays green, the light of the light source
22G is emitted from the backlight 20, and the green sub-pixel
G in the liquid crystal panel 10 transmits the light. Herein the
grayscale levels (r, g, b) of the input video signal are repre-
sented by (0, 255, 0) in the 255 grayscale notation.

[0125] FIG. 5(a) shows the emission spectrum of the back-
light 20. Herein the relative intensities (s, sg, sb) of the light
sources 22R, 22G, and 22B are (0, 1, 0), the light source 22G
is in the on state, and the emission spectrum has the peak
wavelength of about 520 nm.

[0126] FIG. 5(b) shows the transmission spectrum of the
liquid crystal panel 10. Herein the grayscale levels (pg, pg,
Pss Py) ofthe liquid crystal panel 10 are (0,255, 0, 0), and light
having wavelengths of 480 nm to 580 nm is mainly transmit-
ted through the green sub-pixel G.
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[0127] FIG. 5(c) shows the emission spectrum of the liquid
crystal display device 100 in the case where the light of the
spectrum shown in FIG. 5(a) is emitted from the backlight 20,
and the light of the spectrum shown in FIG. 5(5) is transmitted
in the liquid crystal panel 10. As described above, the inten-
sity of light emitted from the green sub-pixel G is mainly
expressed by the product of the intensity of light of the light
source 22G in the backlight 20 and the transmittance of the
green sub-pixel G. The emission spectrum also has the peak
wavelength of about 520 nm.

[0128] As described above, in the case where the grayscale
levels (1, g, b) of the input video signal are (0, 255, 0), the light
sources 22R and 22B of the backlight 20 are turned off, and
the light source 22G is turned on. The relative intensities (br,
bg, bb) of the backlight 20 are (0, 1, 0). Table 2 shows the
relative intensities (br, bg, bb) of the backlight 20.

TABLE 2
Embodiment 1 br bg bb
Relative intensity of Backlight 0 1 0

[0129] The grayscale levels (pg, Ps> Pg> Py) Of the liquid
crystal panel 10 are (0, 255, 0, 0) in the 255 grayscale nota-
tion. Table 3 shows the grayscale levels of the liquid crystal
panel 10. The grayscale level of 0 corresponds to the mini-
mum value, and the grayscale level of 255 corresponds to the
maximum value.

TABLE 3

Red Green Blue Yellow

sub- sub- sub- sub-
Embodiment 1 pixel pixel pixel pixel
Grayscale level of 0 255 0 0

Liquid crystal panel

[0130] As described above, in the liquid crystal display
device 100, the grayscale levels (pg, pg, Pg Py) of the red,
green, blue, and yellow sub-pixels R, G, B, and Ye in the
liquid crystal panel 10 are (0, 255, 0, 0), and the relative
intensities (br, bg, bb) of the backlight 20 are (0, 1, 0), so that
the ratio of luminance of the liquid crystal display device 100
with respect to the luminance of white display is 0.325. In the
following description of this specification, such ratio is some-
times referred to as a normalized luminance. The luminance
ratio of the green sub-pixel G shown in Table 1 is 33.8%
(0.338), and the luminance ratio is higher than the normalized
luminance when green is displayed on the liquid crystal dis-
play device 100. The luminance ratio of the green sub-pixel G
is a value obtained by turning on not only the light source 22G
but also the light sources 22R and 22B. On the contrary, the
normalized luminance is a value obtained by turning on only
the light source 22G and by turning off the light sources 22R
and 22B.

[0131] As described above, in the liquid crystal display
device 100 in this embodiment, a plurality of light source
units 22 are provided in the backlight 20. In the case where all
ofthe pixels P in a specific light irradiation area display black,
the light sources 22R, 22G, and 22B of the light source units
22 corresponding to the specific light irradiation area are
respectively turned off, thereby suppressing the power con-
sumption of the backlight 20. In addition, the transmittances
oftheliquid crystal layers LCx, LC 4, LCy, and LCof the red
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sub-pixel R, the green sub-pixel G, the blue sub-pixel B, and
the yellow sub-pixel Ye in the light irradiation area are made
to be the minimum value, so that the light leakage can be
suppressed. As a result, the contrast ratio can be increased.
[0132] Alternatively, for example, in the case where all of
the pixels P in a specific light irradiation area display red, the
light sources 22R of the light source units 22 corresponding to
the light irradiation area are turned on, and the light sources
22G and the light sources 22B are turned off, thereby sup-
pressing the power consumption of the backlight 20. A volt-
age is applied across the liquid crystal layer LCy of the red
sub-pixel R in the light irradiation area, so that the transmit-
tance of the liquid crystal layer LC is made to have a prede-
termined value, and the transmittances of the liquid crystal
layers LC 4, LCy, and LCy of the green sub-pixel G, the blue
sub-pixel B, and the yellow sub-pixel Ye are made to have the
minimum value, thereby suppressing the light leakage and
increasing the contrast ratio.

[0133] Theinputvideo signal indicates a color of respective
color display pixels in a frame or a field. In this specification,
in order to prevent the description from being excessively
complicated, except for the case to be especially mentioned,
the input video signal is described in such a condition that all
of'the pixels indicate the same color over a plurality of vertical
scanning periods.

[0134] For example, the control of the liquid crystal panel
10 and the backlight 20 is performed in the following way.
Hereinafter the liquid crystal display device 100 will be
described with reference to FIG. 6. The liquid crystal display
device 100 includes a control circuit 30 that controls the
liquid crystal panel 10 and the backlight 20. The control
circuit 30 generates a light source driving signal and a panel
driving signal based on the input video signal.

[0135] The backlight 20 is driven based on the light source
driving signal generated in the control circuit 30. The light
source driving signal indicates the relative intensities sr, sg,
and sb of the light sources 22R, 22G, and 22B in the backlight
20. By the light source driving signal, the light sources 22R,
22G, and 22B emit light with the relative intensities sr, sg, and
sb. In this case, light is emitted from the backlight 20 with
relative intensities br, bg, and bb.

[0136] The liquid crystal panel 10 is driven based on the
panel driving signal generated in the control circuit 30. The
panel driving signal indicates the grayscale levels pg, P, Pgs
and py-of the liquid crystal panel 10. The grayscale levels pg,
P P> and p.correspond to applied voltages across the liquid
crystal layers LCr, LC 4, LCg, and LCyof the red, green, blue,
and yellow sub-pixels R, G, B, and Ye in the liquid crystal
panel 10. Specifically, voltages corresponding to the gray-
scale levels pg, P, Ps, and py are applied across the liquid
crystal layers LCy, LCs, LCg, and LCy, thereby changing the
transmittances of the liquid crystal layers LCy, LCg;, LCy,
and LC;. In this way, in the liquid crystal display device 100,
the relative intensities br, bg, and bb of the backlight 20 are
changed, and the transmittances of the liquid crystal layers
LCg, LC4, LCs, and LC,, of the red, green, blue, and yellow
sub-pixels R, G, B, and Ye are changed, so that the color
display pixels P can display various colors.

[0137] FIG. 7 shows a specific configuration of the control
circuit 30. The control circuit 30 includes an active drive
processing portion 32, a multi-primary color converting por-
tion 34, a panel driving circuit 36, and a backlight driving
circuit 38. As described above, herein the backlight 20
includes a plurality of light source units 22, and each light
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source unit 22 corresponds to a corresponding light irradia-
tion area of the liquid crystal panel 10. As a result, as for the
backlight 20, the light intensity can be controlled for each
area of the liquid crystal panel 10. Such an active drive pro-
cessing portion 32 is also referred to as an area active drive
processing portion.

[0138] The active drive processing portion 32 generates a
light source signal and a liquid crystal data signal based on the
input video signal. The light source signal indicates the rela-
tive intensities sr, sg, and sb of the light sources 22R, 22G, and
22B. For example, the active drive processing portion 32 sets
the relative intensities sr, sg, and sb of the light sources 22R,
22@G, and 22B, based on the respective mean values of the
grayscale levels r, g, and b of the input video signal and/or the
maximum value thereof. As described above, herein all pixels
exhibit the same color in the input video signal, and the
grayscale levels r, g, and b corresponding to different pixels
are also equal to each other.

[0139] The liquid crystal data signal indicates the red,
green, and blue grayscale levels pr, pg, and pb. Although the
details will be described later, the grayscale levels pr, pg, and
pb of the liquid crystal data signal are set based on the gray-
scale levelsr, g, and b and the relative intensities sr, sg, and sb,
for example. In many cases, the grayscale levels pr, pg, and pb
of the liquid crystal data signal are different from the gray-
scale levels r, g, and b of the input video signal.

[0140] The grayscalelevels pr, pg, and pb correspond to the
grayscale levels of the red, green, and blue sub-pixels of a
three-primary color liquid crystal panel. When the liquid
crystal data signal of the grayscale levels pr, pg, and pb is
input into the three-primary color liquid crystal panel, the
liquid crystal layers of the red, green, and blue sub-pixels of
the liquid crystal panel exhibit the transmittances correspond-
ing to the grayscale levels pr, pg, and pb. In the following
description of this specification, in each of the red, green and
blue sub-pixel of the three-primary color liquid crystal panel,
the transmittance normalized in such a manner that the mini-
mum value is zero (0) and the maximum value is 1 is referred
to as a transmittance level. That is, the transmittance level of
0 corresponds to the minimum value of the transmittance of
each of the red, green, and blue sub-pixels in the three-pri-
mary color liquid crystal panel, and the transmittance level of
1 corresponds to the maximum value of the transmittance of
each of the red, green, and blue sub-pixels in the three-pri-
mary color liquid crystal panel. The grayscale levels pr, pg,
and pb are non-linear with respect to the luminance (or the
intensity of emitted light), but the transmittance levels pr, pg,
and pb are linear with respect to the luminance (or the inten-
sity of emitted light).

[0141] Thus, the active drive processing portion 32 gener-
ates a light source signal indicating the relative intensities sr,
sg, and sb and a liquid crystal data signal indicating the
grayscale levels pr, pg, and pb based on the input video signal
which indicates the grayscale levels r, g, and b. Herein the
luminance levels r, g, and b of the input video signal are
expressed by the relative intensities br, bg, and bb of the
backlight 20 and the transmittance levels pr, pg, and pb of the
liquid crystal data signal. Specifically, the luminance level ris
expressed by the product of the relative intensity br and the
transmittance level pr. Similarly, the luminance level g is
expressed by the product of the relative intensity bg and the
transmittance level pg, and the luminance level b is expressed
by the product of the relative intensity bb and the transmit-
tance level pb.
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[0142] The multi-primary color converting portion 34 gen-
erates a panel signal from the liquid crystal data signal. The
above-described liquid crystal panel 10 performs display
with four primary colors, so that a panel signal indicating
grayscale levels of four primary colors is generated. Specifi-
cally, the multi-primary color converting portion 34 converts
the grayscale levels pr, pg, and pb of the liquid crystal data
signal into the red, green, blue, and yellow grayscale levels p,
Ps» D3, and p, of the panel signal. Herein the color phase of
color represented by the grayscale levels pr, pg, and pb before
the conversion is substantially the same as the color phase of
color represented by the grayscale levels p;, p,, ps, and p,
after the conversion. Thereafter, the multi-primary color con-
verting portion 34 generates a panel signal which indicates
the grayscale levels p,, ., P3, and p, as the grayscale levels
P& Po» Ps and py.

[0143] The panel driving circuit 36 generates a panel driv-
ing signal based on the panel signal, thereby driving the liquid
crystal panel 10. Voltages corresponding to the grayscale
levels pg, s, Ps, and pyare applied across the liquid crystal
layers LC,, LC, LC, and LC, of the liquid crystal panel 10,
and the red, green, blue, and yellow sub-pixels R, G, B, and Ye
of the liquid crystal panel 10 exhibit the transmittances cor-
responding to the gray scale levels pg, P, Ps, and py. The
backlight driving circuit 38 generates a light source driving
signal based on the light source signal. The light sources 22R,
22G, and 22B of the backlight 20 are driven by the light
source driving signal. In this specification, the grayscale lev-
elsr, g, and b of the input video signal, the grayscale levels pr,
pg, and pb of the liquid crystal data signal and/or the grayscale
levels pg, Po» P> and pyofthe panel signal mean not only the
grayscale levels indicated in the input video signal, the liquid
crystal data signal, and/or the panel signal themselves, but
also the grayscale levels obtained by converting the values
indicated in the input video signal, the liquid crystal data
signal, and/or the panel signal.

[0144] InFIG.7,the active drive processing portion 32 and
the multi-primary color converting portion 34 are shown as
different components. Alternatively, the active drive process-
ing portion 32 and the multi-primary color converting portion
34 may be included in a signal processing portion 33 which is
embodied as a single circuit chip. In this case, the signal
processing portion 33 generates a light source signal and a
panel signal based on the input video signal.

[0145] The luminance of red displayed on the liquid crystal
display device 100 is mainly related to the relative intensity br
of the backlight 20 and the grayscale level (the transmittance
level) py of the liquid crystal panel 10. The luminance of
green displayed on the liquid crystal display device 100 is
mainly related to the relative intensity bg of the backlight 20
and the grayscale level (the transmittance level) ps of the
liquid crystal panel 10. The luminance of blue displayed on
the liquid crystal display device 100 is mainly related to the
relative intensity bb of the backlight 20 and the grayscale
level (the transmittance level) p of the liquid crystal panel 10.
The luminance of yellow displayed on the liquid crystal dis-
play device 100 is mainly related to the relative intensities br
and bg of the backlight 20 and the grayscale level (the trans-
mittance level) py of the liquid crystal panel 10.

[0146] Inthe above description, in the case where the liquid
crystal display device 100 displays black, the relative inten-
sities of the light sources 22R, 22G, and 22B in the backlight
20 exhibit the minimum value, respectively, and the transmit-
tances of the red sub-pixel R, the green sub-pixel G, the blue
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sub-pixel B, and the yellow sub-pixel Ye in the liquid crystal
panel 10 exhibit the minimum value, respectively. However,
the present invention is not limited to this. Alternatively, in the
case where the liquid crystal display device 100 displays
black, irrespective of the transmittances of the red sub-pixel
R, the green sub-pixel G, the blue sub-pixel B, and the yellow
sub-pixel Ye, the relative intensities br, bg, and bb of the
backlight 20 may exhibit the minimum value, respectively.
Alternatively, in the case where the liquid crystal display
device 100 displays black, irrespective of the relative inten-
sities br, bg, and bb of the backlight 20, the grayscale levels
Pr> Pas P> and pyinthe liquid crystal panel 10 may exhibit the
minimum value, respectively.

[0147] Strictly, even if the light sources 22R, 22G, and 22B
of the backlight 20 are turned off, part of light emitted from a
light source of another light source unit 22 may sometimes be
transmitted through the liquid crystal panel 10. Similarly,
even if the grayscale levels pg, ps, Ps, and py in the liquid
crystal panel 10 are the minimum value, respectively, the light
emitted from the light sources 22R, 22G, and 22B of the
backlight 20 may be transmitted through the liquid crystal
panel 10. For these reasons, in the case where the input video
signal indicates black, it is preferred that the relative intensi-
ties of the light sources 22R, 22G, and 22B of the backlight 20
may exhibit the minimum value, respectively, and the trans-
mittances of the red sub-pixel R, the green sub-pixel G, the
blue sub-pixel B, and the yellow sub-pixel Ye in the liquid
crystal panel 10 may exhibit the minimum value, respectively.
Accordingly, it is possible to realize high contrast ratio.
[0148] As described above, the luminance level r of the
input video signal is expressed by the product of the relative
intensity br of the backlight 20 and the transmittance level pr
of the liquid crystal data signal. In the case where the lumi-
nance level r of the input video signal is a median value, a
plurality of combinations of the relative intensity br and the
transmittance level pr are considered. However, if the trans-
mittance level pr of the liquid crystal data signal is the maxi-
mum value, the relative intensity br can be lowered. As a
result, the power consumption of the light source 22R can be
reduced. Similarly, in the case where the luminance levels g
and b of the input video signal are median values, when the
transmittance levels pg and pb in the liquid crystal data signal
are made to have the maximum value, the relative intensities
bg and bb can be lowered. As a result, the power consumption
of the light sources 22G and 22B can be reduced.

[0149] In the liquid crystal display device 100, it is pre-
ferred that the grayscale levels pg, pg, P, and py of the liquid
crystal panel 10 and the relative intensities br, bg, and bb of
the backlight 20 may be set in the following way based on the
grayscale levels r, g, and b of the input video signal.

[0150] Forexample, in the case where the grayscale level r
of the input video signal is higher than the minimum value,
the relative intensity br of the backlight 20 is made to be
higher than the minimum value, and the grayscale level p, of
the liquid crystal panel 10 is made to be the maximum value.
Accordingly, the power consumption can be reduced. In the
case where the grayscale level r is the minimum value, the
relative intensity br of the backlight 20 is made to be the
minimum value, and the grayscale level p, is made to be the
minimum value. Accordingly, the power consumption can be
reduced, and the contrast ratio can be improved.

[0151] In the case where the grayscale level g of the input
video signal is higher than the minimum value, the relative
intensity bg of the backlight 20 is made to be higher than the
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minimum value, and the grayscale level p, of the liquid
crystal panel 10 is made to be the maximum value. In the case
where the grayscale level g is the minimum value, the relative
intensity bg of the backlight 20 is set to be the minimum
value, and the grayscale level p of the liquid crystal panel 10
is made to be the minimum value. Similarly, in the case where
the grayscale level b of the input video signal is higher than
the minimum value, the relative intensity bb of the backlight
20 is made to be higher than the minimum value, and the
grayscale level pg of the liquid crystal panel 10 is made to be
the maximum value. In the case where the grayscale level bis
the minimum value, the relative intensity bb of the backlight
20 is made to be the minimum value, and the grayscale level
pz of the liquid crystal panel 10 is made to be the minimum
value.

[0152] Inthe case where both of the grayscale levels r and
g of the input video signal are higher than the minimum value,
as is understood from the above description, both of the
relative intensities br and bg of the backlight 20 are higher
than the minimum value, and the grayscale level p; of the
liquid crystal panel 10 is made to be the maximum value.
Accordingly, the power consumption can be reduced. In the
case where at least one of the grayscale levels r and g of the
input video signal is the minimum value, as is understood
from the above description, at least one of the relative inten-
sities br and bg of the backlight 20 is made to be the minimum
value, and the grayscale level p, of the liquid crystal panel 10
is made to be the minimum value. Accordingly, the power
consumption can be reduced, and additionally the contrast
ratio can be improved.

[0153] Asdescribed above, in the case where any one of the
grayscale levels r, g, and b of the input video signal is the
minimum value, the corresponding one of the relative inten-
sities br, bg, and bb of the backlight 20 is also the minimum
value, so that the corresponding one of the light sources 22R,
22G, and 22B is turned off. In the case where the grayscale
levels 1, g, and b of the input video signal are higher than the
minimum value, the relative intensities br, bg, and bb of the
backlight 20 are higher than the minimum value, and the light
sources 22R, 22G, and 22B are turned on. In the case where
any one of the grayscale levels r, g, and b of the input video
signal has the minimum value, the corresponding one of the
grayscale levels pg, pg, P, and p, of the liquid crystal panel
10 also has the minimum value. In the case where the gray-
scalelevels r, g, and b of the input video signal are higher than
the minimum value, the grayscale levels pz, pg, P5, and pyof
the liquid crystal panel 10 have the maximum value.

[0154] In the liquid crystal display device 100, the magni-
tude correlation among the relative intensities br, bg, and bb
of the backlight 20 is set to be the same as the magnitude
correlation among the luminance levelsr, g, and b of the input
video signal. For example, the relative intensities br, bg, and
bb of the backlight 20 are substantially equal to the luminance
levels r, g, and b of the input video signal, respectively. In
addition, the grayscale levels pg, pg, P5, and py of the liquid
crystal panel 10 are set depending on the condition whether
the grayscale levels r, g, and b of the input video signal are the
minimum value or not. In the case where the grayscale levels
r, g, and b are the minimum value, the grayscale levels pg, pg,
and pj exhibit the minimum value. In the case where the
grayscalelevelsr, g, and b are higher than the minimum value,
the grayscale levels pg, pg, and pp exhibit the maximum
value. In the case where at least one of the grayscale levels r
and g is the minimum value, the grayscale level p ,exhibits the
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minimum value. In the case where both of the grayscale levels
rand g are higher than the minimum value, the grayscale level
pyexhibitthe maximum value. For example, in the case where
the grayscale levels (r, g, b) of the input video signal are (128,
128, 128), i.e., in the case where the normalized luminance is
0.216 in the input video signal, the grayscale levels (pg, P,
Pss Py) are (255, 255, 255, 255), and the relative intensities
(br, bg, bb) of the backlight 20 are (0.216, 0.216, 0.216).

[0155] FIG. 7 is referred to again. As described above, the
active drive processing portion 32 generates a light source
signal based on the input video signal. The light source signal
indicates the relative intensities sr, sg, and sb of the light
sources 22R, 22G, and 22B. The backlight driving circuit 38
generates a light source driving signal based on the light
source signal. The light sources 22R, 22G, and 22B of the
backlight 20 are driven by the light source driving signal. At
this time, the light sources 22R, 22G, and 22B emit light with
the relative intensities sr, sg, and sb. The relative intensities of
the backlight 20 are br, bg, and bb. In the case where any one
of the grayscale levels r, g, and b of the input video signal is
the minimum value, the corresponding one of the light
sources 22R, 22G, and 22B is turned off, and the correspond-
ing one of the relative intensities br, bg, and bb of the back-
light 20 has the minimum value. In the case where the gray-
scalelevelsr, g, and b ofthe input video signal are higher than
the minimum value, the light sources 22R, 22G, and 22B are
turned on, and the relative intensities br, bg, and bb of the
backlight 20 exhibit values higher than the minimum value,
respectively.

[0156] For example, the magnitude correlation among the
relative intensities br, bg, and bb of the backlight 20 is the
same as the magnitude correlation among the luminance lev-
elsr, g, and b of the input video signal. Specifically, in the case
where the luminance levels r, g, and b of the input video signal
satisfy the relationship of r>g>b, the relative intensities br, bg,
and bb of the backlight 20 satisfy the relationship of
br>bg>bb. In the case where the luminance levels r, g, and b
of'the input video signal satisfy the relationship of r<g<b, the
relative intensities br, bg, and bb satisfy the relationship of
br<bg<bb.

[0157] The liquid crystal data signal indicates red, green,
and blue grayscale levels pr, pg, and pb. The grayscale levels
pr, pg, and pb of the liquid crystal data signal are set, for
example, based on the grayscale levels r, g, and b and the
relative intensities br, bg, and bb. In the case where the gray-
scale levelsr, g, and b of the input video signal are higher than
the minimum value, respectively, the grayscale levels pr, pg,
and pb of the liquid crystal data signal exhibit the maximum
value. In the case where any one of the grayscale levels r, g,
and b of the input video signal is the minimum value, the
corresponding one of the grayscale levels pr, pg, and pb
exhibits the minimum value.

[0158] The multi-primary color converting portion 34 gen-
erates a panel signal from the liquid crystal data signal. The
multi-primary color converting portion 34 converts the gray-
scale levels pr, pg, and pb of the liquid crystal data signal into
the red, green, blue, and yellow grayscale levels p,, p,, ps, and
p., and generates a panel signal which indicates the grayscale
levels py, P, P53, and p, as the grayscale levels pg, pg, pg, and
Py

[0159] The panel driving circuit 36 generates a panel driv-
ing signal based on the panel signal, thereby driving the liquid
crystal panel 10. The voltages corresponding to the grayscale
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levels pg, g, Pg, and py are applied across the liquid crystal
layers LCy, LCg, LCyg, and LCy-of the liquid crystal panel 10.
[0160] Intheabove description, the grayscale levels pg, pgs
Pz and py-of the liquid crystal panel 10 are set in accordance
with the grayscale levels r, g, and b of the input video signal.
However the present invention is not limited to this. The
relative intensities br, bg, and bb of the backlight 20 are set in
accordance with the grayscale levels r, g, and b of the input
video signal, so that the grayscale levels pg, pg, P and p,-of
the liquid crystal panel 10 may be set to be the maximum
value irrespective of the grayscale levels r, g, and b of the
input video signal. It is noted that if the grayscale levels pg,
P> Pss and py of the liquid crystal panel 10 are set in accor-
dance with the grayscale levels r, g, and b of the input video
signal, it is possible to easily realize high contrast ratio.
[0161] Next, with reference to FIG. 8, the relative transmit-
tance of the liquid crystal panel 10 and the relative intensity of
the backlight 20 in the liquid crystal display device 100 will
be described. FIG. 8 shows luminance levels r, g, and b of the
input video signal, relative intensities br, bg, and bb of the
backlight 20, transmittance levels pr, pg, and pb of the liquid
crystal data signal, and relative transmittances pg, pg, P5, and
py of the liquid crystal panel 10 in the liquid crystal display
device 100.

[0162] Herein the input video signal indicates green. For
example, the grayscale levels (the luminance levels) r, g, and
b of the input video signal satisfy the relationship of g>r=b=0,
the luminance levels (r, g, b) are (0, 0.216, 0), and the gray-
scale levels (r, g, b) are (0, 128, 0).

[0163] The relative intensities br, bg, and bb of the back-
light 20 are set based on the luminance levels r, g, and b of the
input video signal. As described above, the magnitude corre-
lation among the relative intensities br, bg, and bb of the
backlight 20 is the same as the magnitude correlation among
the luminance levels 1, g, and b of the input video signal, and
the relative intensities br, bg, and bb satisfy the relationship of
bg>br=bb=0. For example, the relative intensities (br, bg, bb)
are (0, 0.216, 0).

[0164] The transmittance levels pr, pg, and pb of the liquid
crystal data signal are set based on the luminance levels r, g,
and b of the input video signal. As described above, in the case
where the luminance levels r, g, and b of the input video signal
satisfy the relationship of g>r=b=0, the grayscale level pg
corresponding to the luminance level g has the maximum
value, and the grayscale levels pr and pb corresponding to the
luminance levels r and b have the minimum value. For
example, in the case where the luminance levels (r, g, b) of the
input video signal are (0, 0.216, 0), the transmittance levels
(pr, pg, pb) of the liquid crystal data signal are (0, 1, 0), and the
grayscale levels (pr, pg, pb) are represented by (0, 255, 0) in
the 255 grayscale notation. As described above, the lumi-
nance level r is expressed by the product of the relative inten-
sity br and the transmittance level pr. Similarly, the luminance
level g is expressed by the product of the relative intensity bg
and the transmittance level pg, and the luminance level b is
expressed by the product of the relative intensity bb and the
transmittance level pb.

[0165] Thetransmittance levels pr, pg, and pb are converted
into the relative transmittances pg, pg, P> and p, by multi-
primary color conversion. In this case, the relative transmit-
tances (Pg, P> Pa» Py) Of the liquid crystal panel 10 are (0, 1,
0, 0), and the grayscale levels (pg, P, Ps, Py) are represented
by (0, 255, 0, 0) in the 255 grayscale notation. Thus, the
relative intensities br, bg, and bb of the backlight 20 are
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substantially the same as the luminance levelsr, g, and b of the
input video signal. Among the luminance levels r, g, and b of
the input video signal, transmittance levels pr, pg, and pb
corresponding to luminance levels r, g, and b of the input
video signal having the minimum value have the minimum
value, and transmittance levels pr, pg, and pb corresponding
to luminance levels r, g, and b higher than the minimum value
have the maximum value. Accordingly, the power consump-
tion of the backlight 20 can be reduced, and the contrast ratio
can be increased.

[0166] Hereinafter the advantages of the liquid crystal dis-
play device 100 in this embodiment will be described as
compared with liquid crystal display devices 700 and 800 in
comparative examples 1 and 2. First, with reference to FIG. 9,
the liquid crystal display device 700 in the comparative
example 1 will be described.

[0167] FIG. 9(a) shows a schematic diagram of the liquid
crystal display device 700 in the comparative example 1. The
liquid crystal display device 700 includes a liquid crystal
panel 710 and a backlight 720.

[0168] FIG. 9(b) shows a schematic diagram of the liquid
crystal panel 710. In the liquid crystal panel 710, a pixel P
includes a red sub-pixel R, a green sub-pixel G, and a blue
sub-pixel B, and the liquid crystal panel 710 performs display
with three primary colors. Such a liquid crystal panel 710 is
also referred to as a three primary color panel. The size and
the resolution of the liquid crystal panel 710 are substantially
the same as those of the liquid crystal panel 10. The size of the
pixel P of the liquid crystal display device 700 is the same as
that of the pixel P of the liquid crystal display device 100.

[0169] The backlight 720 emits light of constant intensity
in the driving of the liquid crystal display device 700. In the
case where the liquid crystal display device 700 displays
white, liquid crystal layers LC,, LC, and LC, exhibit the
maximum transmittances, respectively in the liquid crystal
panel 710. In the case where the liquid crystal display device
700 displays black, the liquid crystal layers LCz, LC, and
LCj exhibit the minimum transmittances, respectively in the
liquid crystal panel 710. Thus, in the liquid crystal display
device 700, in accordance with the change of colors indicated
by the input video signal, the transmittances of the liquid
crystal layers LCy, LC, and LCy of respective sub-pixels in
the liquid crystal panel 710 are varied, thereby representing
various colors.

[0170] Table 4 shows the luminance ratios of the red sub-
pixel R, the green sub-pixel G, and the blue sub-pixels B in the
liquid crystal display device 700 in the comparative example
1. For example, the luminance ratio of the red sub-pixel R
shows the ratio of luminance in which the red sub-pixel R
exhibits the maximum transmittance and the other sub-pixels
(i.e., the green sub-pixel G and the blue sub-pixel B) exhibit
the minimum transmittance with respect to the luminance
when white (W) is displayed. Similarly, the luminance ratio
of each of the green sub-pixel G and the blue sub-pixel B
shows the ratio of luminance in which the corresponding
sub-pixel exhibits the maximum transmittance and the other
sub-pixels exhibit the minimum transmittance with respect to
the luminance when white (W) is displayed. As described
above, the backlight 720 emits light of constant intensity in
the driving of the liquid crystal display device 700.
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TABLE 4

Luminance Ratio

R 24.6%
G 56.6%
B 18.8%
w 100%

[0171] FIG. 10 shows the luminance levels r, g and b of the
input video signal, the relative intensities br, bg, and bb of the
backlight 720, and the relative transmittances pr, pg, and pb of
the liquid crystal panel 710, in the liquid crystal display
device 700.

[0172] Herein the input video signal indicates green. For
example, the luminance levels r, g, and b of the input video
signal satisfy the relationship of g>r=b=0. The luminance
levels (r, g, b) of the input video signal are (0, 0.216, 0), and
the grayscale levels (r, g, b) are (0, 128, 0) in the 255 grayscale
notation. In the liquid crystal display device 700, the back-
light 720 emits light of constant intensity irrespective of the
color indicated in the input video signal. Herein the relative
intensities (br, bg, bb) of the backlight 720 are indicated by (1,
1, 1).

[0173] Inthe liquid crystal display device 700, the relative
transmittances (the grayscale levels) pr, pg, and pb of the
liquid crystal panel 710 are equal to the luminance levels (the
grayscale levels) r, g, and b of the input video signal. Accord-
ingly, as described above, in the case where the luminance
levels 1, g, and b of the input video signal satisfy the relation-
ship of g>r=b=0, the relative transmittances pr, pg, and pb of
the liquid crystal panel 710 satisfy the relationship of
pg>pr=pb=0. Specifically, in the case where the luminance
levels (1, g, b) of the input video signal are (0, 0.216, 0), the
relative transmittances (pr, pg, pb) of the liquid crystal panel
710 are (0, 0.216, 0).

[0174] In the liquid crystal display device 700, voltages
corresponding to the transmittance levels (pr, pg, pb) are
applied across the liquid crystal layers. Accordingly, in the
liquid crystal display device 700, the grayscale levels of red,
green, and blue are (0, 128, 0).

[0175] Next, with reference to FIG. 11, the liquid crystal
display device 800 in the comparative example 2 will be
described. FIG. 11(a) shows a schematic diagram of the lig-
uid crystal display device 800 in the comparative example 2.
The liquid crystal display device 800 includes a liquid crystal
panel 810, and a backlight 820.

[0176] FIG. 11(b) shows a schematic diagram of the liquid
crystal panel 810. Similarly to the liquid crystal panel 10, in
the liquid crystal panel 810, a pixel P includes a red sub-pixel
R, a green sub-pixel G, a blue sub-pixel B, and a yellow
sub-pixel Ye, The liquid crystal panel 810 performs display
with four primary colors. The size and the resolution of the
liquid crystal panel 810 are substantially the same as those of
the liquid crystal panel 710, and the size of the pixel P of the
liquid crystal display device 800 is the same as that of the
pixel P of the liquid crystal display device 700.

[0177] The backlight 820 emits light of constant intensity
in the driving of the liquid crystal display device 800. In the
case where the liquid crystal display device 800 displays
white, liquid crystal layers LCy, LC5, LCy, and LC exhibit
the maximum transmittances, respectively. In the case where
the liquid crystal display device 800 displays black, the liquid
crystal layers LCy, LC, LCg, and LCy exhibit the minimum
transmittances, respectively. Thus, in the liquid crystal dis-
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play device 800, in accordance with the change of colors
indicated in the input video signal, the transmittances of the
liquid crystal layers LCy, LCg, LCp, and LCy of the liquid
crystal panel 810 are varied, and the luminance of the respec-
tive sub-pixels is changed, thereby representing various col-
ors.

[0178] The control of the liquid crystal panel 810 and the
backlight 820 is performed in the following manner. FIG.
11(c) shows the liquid crystal display device 800 provided
with a control circuit 830. The control circuit 830 includes a
multi-primary color converting portion 834, a panel driving
circuit 836, and a backlight driving circuit 838. The multi-
primary color converting portion 834 converts grayscale lev-
elsr, g, and b of an input video signal into grayscale levels py,
P> P> and pyof a panel signal. Generally, the color phase of
color represented by the grayscale levels r, g, and b of the
input video signal is substantially the same as the color phase
of color represented by the grayscale levels pg, pg, Pz, and py
of the panel signal. The backlight driving circuit 838 drives
the backlight 820 so that light of constant intensity is emitted
from the backlight 820 in the driving of the liquid crystal
display device 800.

[0179] Table 5 shows the luminance ratios of the red sub-
pixel R, the green sub-pixel G, the blue sub-pixels B, and the
yellow sub-pixel Ye in the liquid crystal display device 800 in
the comparative example 2. For example, the luminance ratio
of the red sub-pixel R shows the ratio of luminance in which
the red sub-pixel R exhibits the maximum transmittance and
the other sub-pixels (i.e., the green sub-pixel G, the blue
sub-pixel B, and the yellow sub-pixel Ye) exhibit the mini-
mum transmittance with respect to the luminance when white
(W) is displayed. Similarly, the luminance ratio of each of the
green sub-pixel G, the blue sub-pixel B, and the yellow sub-
pixel Ye indicates the ratio of luminance in which the corre-
sponding sub-pixel exhibits the maximum transmittance and
the other sub-pixels exhibit the minimum transmittance with
respect to the luminance when white (W) is displayed.

TABLE 5

Luminance Ratio

10.7%
33.8%
11.8%
43.7%

100%

fxwoR

[0180] FIG. 12 shows luminance levels r, g and b of the
input video signal, relative intensities br, bg, and bb of the
backlight 820, transmittance levels pr, pg, and pb of a liquid
crystal data, and relative transmittances pg, pg, P, and pyof
the liquid crystal panel 810, in the liquid crystal display
device 800.

[0181] Herein the input video signal also indicates green.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of g>r=b=0. The lumi-
nance levels (1, g, b) of the input video signal are (0, 0.216, 0),
and the grayscale levels (r, g, b) are (0, 128, 0) in the 255
grayscale notation. In the liquid crystal display device 800,
the backlight 820 emits light of constant intensity irrespective
of the color indicated in the input video signal. Herein the
relative intensities (br, bg, bb) are indicated by (1, 1, 1).
[0182] In the liquid crystal display device 800, the trans-
mittance levels (the grayscale levels) pr, pg, and pb of the
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liquid crystal data signal are the same as the luminance levels
(the grayscale levels) r, g, and b of the input video signal.
Accordingly, as described above, in the case where the lumi-
nance levels r, g, and b of the input video signal satisfy the
relationship of g>r=b=0, the transmittance levels pr, pg, and
pb of the liquid crystal data signal also satisfy the relationship
of pg>pr=pb=0. Specifically, in the case where the luminance
levels (r, g, b) of the input video signal are (0, 0.216, 0), the
transmittance levels (pr, pg, pb) of the liquid crystal data
signal are (0, 0.216, 0), and the grayscale levels (pr, pg, pb) are
(0, 128, 0) in the 255 grayscale notation.

[0183] In the liquid crystal display device 800, multi-pri-
mary color conversion is performed. The relative transmit-
tances (Pg, P> P5» Py) Of the liquid crystal panel 810 are (0,
0.216, 0, 0), and the grayscale levels (pz, Ps» Pss Py) are (0,
128, 0, 0) in the 255 grayscale notation.

[0184] Asisunderstood from the comparison between FIG.
8, and FIG. 10 and FIG. 12, in the liquid crystal display
devices 700 and 800, the light of constant intensity emitted
from the backlights 720 and 820 is modulated in the liquid
crystal panels 710 and 810. On the other hand, in the liquid
crystal display device 100, the light modulation is performed
in the backlight 20. The liquid crystal panel 10 makes the
relative transmittance of a sub-pixel related to the light from
the backlight 20 to be the maximum value, and makes the
relative transmittances of sub-pixels not related to the light
from the backlight 20 to be the minimum value. Thus, in the
liquid crystal display devices 700 and 800, light of constant
intensity is emitted from the backlights 720 and 820. In the
liquid crystal display device 100, the light sources 22R and
22B are turned off in accordance with the input video signal,
and additionally the intensity of the light source 22G can be
reduced. Accordingly, the power consumption of the back-
light 20 can be reduced.

[0185] In the above description, the color indicated in the
input video signal is green. However, even if the color indi-
cated in the input video signal is an arbitrary color, the power
consumption can be reduced and the contrast ratio can be
increased, for the same reasons.

[0186] In the liquid crystal display device 700 in the com-
parative example 1, display is performed with three primary
colors. In the liquid crystal display device 100 in this embodi-
ment, and in the liquid crystal display device 800 in the
comparative example 2, display is performed with four pri-
mary colors. Accordingly, display can be performed in wide
color reproduction range. However, in the liquid crystal dis-
play device 800 in the comparative example 2, color of high
brightness cannot be displayed in some cases.

[0187] Hereinafter, normalized luminance in the case
where an input video signal indicating a specific color is input
will be described in the liquid crystal display device 700 in the
comparative example 1, in the liquid crystal display device
800 in the comparative example 2, and in the liquid crystal
display device 100 in this embodiment.

[0188] First, normalized luminance in the case where the
input video signal indicates yellow of high brightness is com-
pared among the liquid crystal display device 700 in the
comparative example 1, the liquid crystal display device 800
in the comparative example 2, and the liquid crystal display
device 100 in this embodiment. The configurations of the
liquid crystal display devices 700 and 800 in the comparative
examples 1 and 2 are described above with reference to FIG.
9 and FIG. 11, so that overlapping descriptions are omitted for
avoiding verbose descriptions.
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[0189] In the case where the input video signal indicates
yellow of high brightness, for example, in the case where the
grayscale levels (r, g, b) are (255, 255, 0), the liquid crystal
display device 700 in the comparative example 1 makes the
liquid crystal layers LC, and L.C; in the liquid crystal panel
710 to have the maximum transmittances. In this case, the
normalized luminance is 0.812 (=0.246+0.566).

[0190] In the case where the input video signal indicates
yellow of high brightness, for example, in the case where the
grayscale levels (r, g, b) of the input video signal are (255,
255, 0), the liquid crystal display device 800 in the compara-
tive example 2 makes the liquid crystal layers LC,, LC; and
LCy in the liquid crystal panel 810 to have the maximum
transmittances. In this case, the normalized luminance is
0.882 (=0.107+0.338+0.437). In this way, the liquid crystal
display device 800 in the comparative example 2 can display
yellow of high brightness similarly to the liquid crystal dis-
play device 700 in the comparative example 1.

[0191] Similarly, in the case where yellow of high bright-
ness is displayed, for example, in the case where the grayscale
levels (r, g, b) of the input video signal are (255, 255, 0), the
relative intensities (br, bg, bb) of the backlight 20 are (1, 1, 0),
and the grayscale levels (pg, pg, P Py) of the liquid crystal
panel 10 are (255, 255, 0, 255) in the 255 grayscale notation,
in the liquid crystal display device 100 in this embodiment. In
this case, the normalized luminance is 0.882. In this way, the
liquid crystal display device 100 can display yellow of high
brightness similarly to the liquid crystal display devices 700
and 800 in the comparative examples 1 and 2.

[0192] As described above, the liquid crystal display device
800 in the comparative example 2 can display yellow of high
brightness similarly to the liquid crystal display device 700 in
the comparative example 1. However, the liquid crystal dis-
play device 800 in the comparative example 2 cannot display
other colors (chromatic colors) with high brightness.

[0193] Hereinafter with reference to FIG. 13, the liquid
crystal display device 700 in the comparative example 1 will
bedescribed. FIG. 13 shows luminance levels r, g, and b of the
input video signal, relative intensities br, bg, and bb, of the
backlight 720, and relative transmittances pr, pg, and pb of the
liquid crystal panel 710 in the liquid crystal display device
700.

[0194] Herein the input video signal indicates orange. For
example, the luminance levels r, g, and b of the input video
signal satisfy the relationship of r>g>b=0. The luminance
levels (r, g, b) of the input video signal are (1, 0.216, 0), and
the grayscale levels (r, g, b) are (255, 128, 0). In the liquid
crystal display device 700, irrespective of the color indicated
by the input video signal, the backlight 720 emits light of
constant intensity. Herein the relative intensities (br, bg, bb)
of the backlight 720 are indicated by (1, 1, 1).

[0195] In the liquid crystal display device 700, the trans-
mittance levels (the grayscale levels) pr, pg, and pb of the
liquid crystal data signal are equal to the luminance levels (the
grayscale levels)r, g, b of the input video signal. Accordingly,
as described above, in the case where the luminance levels r,
g, and b of the input video signal satisfy the relationship of
r>g>b=0, the transmittance levels pr, pg, and pb of the liquid
crystal data signal also satisfy the relationship of
pr>pg>pb=0. Specifically, in the case where the luminance
levels (r, g, b) of the input video signal are (1, 0.216, 0), the
transmittance levels (pr, pg, pb) of the liquid crystal data
signal are (1, 0.216, 0).
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[0196] In the liquid crystal display device 700, voltages
corresponding to the transmittance levels (pr, pg, pb) are
applied across the liquid crystal layers. As described above, in
the liquid crystal display device 700, the red, green, and blue
sub-pixels R, G, and B exhibit the luminance corresponding
to the luminance levels r, g, and b.

[0197] In the liquid crystal display device 700 in the com-
parative example 1, the grayscale levels (r, g, b) of the red,
green, and blue sub-pixels are (255, 128, 0). In this case, the
normalized luminance is 0.368 (=0.246x(255/255)*2+0.
566x(128/255)*2+0.188x(0/255)*2). Table 6 shows the
grayscale levels of the respective sub-pixels in the liquid
crystal panel 710 and the normalized luminance.

TABLE 6

R G B Normalized luminance

Grayscale level in 255 128 0 0.368
Comparative Example 1

[0198] Next, with reference to FIG. 14, the liquid crystal
display device 800 in the comparative example 2 will be
described. FIG. 14 shows luminance levels r, g, and b of the
input video signal, relative intensities br, bg, and bb of the
backlight 820, transmittance levels pr, pg, and pb of the liquid
crystal data signal, and relative transmittances pg, pg, P5, and
pyof the liquid crystal panel 810 in the liquid crystal display
device 800.

[0199] Also herein the input video signal indicates orange.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of r>g>b=0. The lumi-
nance levels (1, g, b) of the input video signal are (1, 0.216, 0),
and the grayscale levels (r, g, b) are (255, 128, 0). In the liquid
crystal display device 800, irrespective of the color indicated
in the input video signal, the backlight 820 emits light of
constant intensity. Herein the relative intensities (br, bg, bb)
of the backlight 820 are indicated by (1, 1, 1).

[0200] In the liquid crystal display device 800, the trans-
mittance levels (the grayscale levels) pr, pg, and pb of the
liquid crystal data signal are equal to the luminance levels (the
grayscale levels) r, g, b of the input video signal. The trans-
mittance levels pr, pg, and pb of the liquid crystal data signal
also satisfy the relationship of pr>pg>pb=0. Specifically, in
the case where the luminance levels (1, g, b) of the input video
signal are (1, 0.216, 0), the transmittance levels (pr, pg, pb) of
the liquid crystal data signal are (1, 0.216, 0).

[0201] In the liquid crystal display device 800, multi-pri-
mary color conversion is performed. The relative transmit-
tances (Pg, P P> Py) of the liquid crystal panel 810 are (1,0,
0, 0.276), and the grayscale levels (pg, P, s> Py) are repre-
sented by (255, 0, 0, 142) in the 255 grayscale notation. The
normalized luminance in the liquid crystal display device 800
is 0.226 (=0.107x(255/255)*2+0.338x(0/255)>>+0.118x(0/
255)*240.437x(142/255)*2). Table 7 shows the grayscale
levels of the respective sub-pixels in the liquid crystal panel
810 and the normalized luminance in the liquid crystal dis-
play device 800. In Table 7, the values of the liquid crystal
display device 700 in the comparative example 1 are also
shown for reference.
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TABLE 7
Normalized
R G B Ye luminance
Grayscale level in 255 128 0 — 0.368
Comparative Example 1
Grayscale level in 255 0 0 142 0.226

Comparative Example 2

[0202] As shown in the table, the normalized luminance of
the liquid crystal display device 800 in the comparative
example 2 is low, so that orange of high brightness cannot be
displayed. Although the detailed description is omitted, the
liquid crystal display device 800 in the comparative example
2 cannot display yellowish green of high brightness for the
same reason. Thus, in the liquid crystal display device 800 in
the comparative example 2, chromatic colors other than yel-
low cannot be displayed with high brightness. It is considered
that the reason why is that in the case where the size of a pixel
P of the liquid crystal display device 800 is equal to that of a
pixel P of the liquid crystal display device 700, the area of the
red sub-pixel R, the green sub-pixel G, and the blue sub-pixel
B in the liquid crystal panel 810 is smaller than the area of the
red sub-pixel R, the green sub-pixel G, and the blue sub-pixel
B in the liquid crystal panel 710.

[0203] FIG. 15 shows the normalized luminance of the
liquid crystal display devices 700 and 800 in the case where
the color phase of color indicated in the input video signal is
varied in the range from red to green via yellow.

[0204] As described above, in the case where the input
video signal indicates yellow of high brightness, the lumi-
nance of the liquid crystal display device 800 is the same as
that of the liquid crystal display device 700. On the contrary,
in the case where the input video signal indicates red of high
brightness, the luminance of the liquid crystal display device
800 is lower than that of the liquid crystal display device 700.
In the case where the input video signal indicates green of
high brightness, the luminance of the liquid crystal display
device 800 is lower than that of the liquid crystal display
device 700.

[0205] Asisunderstood from FIG. 15, in the case where the
intermediate color between yellow and red (i.e. orange) is
displayed with high brightness, the luminance of the liquid
crystal display device 800 is lower than that of the liquid
crystal display device 700. Similarly, in the case where the
intermediate color between yellow and green (i.e. yellowish
green) is displayed with high brightness, the luminance of the
liquid crystal display device 800 is lower than that of the
liquid crystal display device 700. As described above, the
liquid crystal display device 800 in the comparative example
2 cannot display specific chromatic colors with the same
brightness as that of the liquid crystal display device 700
which performs display with three primary colors.

[0206] On the contrary, the liquid crystal display device
100 in this embodiment can perform display in a wider color
reproduction range than that of the liquid crystal display
device 700 in the comparative example 1. In addition, the
liquid crystal display device 100 in this embodiment can
display colors of higher brightness as compared with the
liquid crystal display device 800 in the comparative example
2.

[0207] Hereinafter, with reference to FIG. 16, the relative
transmittance of the liquid crystal panel 10 and the relative
intensity of the backlight 20 in the liquid crystal display

16
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device 100 will be described. FIG. 16 shows luminance levels
1, g, and b of the input video signal, relative intensities br, bg,
and bb of the backlight 20, transmittance levels pr, pg, and pb
of the liquid crystal data signal, and relative transmittances
Pzs Pos D5 and pyof the liquid crystal panel 10 in the liquid
crystal display device 100.

[0208] Also herein the input video signal indicates orange.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of r>g>b=0. The lumi-
nance levels (1, g, b) of the input video signal are (1, 0.216, 0),
and the grayscale levels (r, g, b) are (255, 128, 0) in the 255
grayscale notation.

[0209] The magnitude correlation among the relative inten-
sities br, bg, and bb of the backlight 20 is the same as the
magnitude correlation among the grayscale levels r, g, and b
of the input video signal. Accordingly, the relationship of
r>g>b=0 is satisfied, the relative intensities br, bg, and bb of
the backlight 20 satisfy the relationship of br>bg>bb=0. For
example, the relative intensities br, bg, and bb of the backlight
20 are substantially equal to the luminance levels r, g, and b.
Accordingly, in the case where the luminance levels (r, g, b) of
the input video signal are (1, 0.216, 0), the relative intensities
(br, bg, bb) are (1, 0.216, 0). Table 8 shows the relative
intensities (br, bg, bb) of the backlight 20.

TABLE 8

br bb

Embodiment 1 bg

Relative Intensity of Backlight 1 0.216 0

[0210] In the liquid crystal display device 100, the trans-
mittance levels pr, pg, and pb of the liquid crystal data signal
are set based on the luminance levels r, g, b of the input video
signal. In the case where the luminance levels r, g, and b of the
input video signal satisfy the relationship of r>g>b=0, the
grayscale levels pr and pg have the maximum value, and the
grayscale level pb has the minimum value. For example, in
the case where the luminance levels (1, g, b) of the input video
signal are (1, 0.216, 0), the transmittance levels (pr, pg, pb) of
the liquid crystal data signal are (1, 1, 0), and the grayscale
levels (pr, pg, pb) are represented by (255, 255, 0) in the 255
grayscale notation.

[0211] Thereafter, by the multi-primary color conversion,
the relative transmittances (pg, Ps, Ps» Py) 0f the liquid crystal
panel 10 are (1, 1, 0, 1), and the grayscale levels (pg, Ps> Pss
py) are represented by (255, 255, 0, 255) in the 255 grayscale
notation. Table 9 shows the grayscale levels of the liquid
crystal panel 10. The grayscale level of 255 of the liquid
crystal panel corresponds to the relative transmittance of 1,
and the grayscale level of 0 of the liquid crystal panel corre-
sponds to the relative transmittance of 0.

TABLE 9
Red Green Blue Yellow
sub- sub- sub- sub-
Embodiment 1 pixel pixel pixel pixel
Grayscale level of 255 255 0 255

Liquid crystal panel

[0212] Thus, in the case where the liquid crystal panel 10
and the backlight 20 are driven, the normalized luminance of
the liquid crystal display device is 0.348.
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[0213] Asisunderstood from the comparison between FIG.
14 and FIG. 16, in the liquid crystal display device 800, the
light of constant intensity emitted from the backlight 820 is
modulated in the liquid crystal panel 810. On the other hand,
in the liquid crystal display device 100, the light sources 22R
and 22G related to orange to be displayed are turned on, and
the light source 22B which is not related to orange to be
displayed is turned off. In addition, the intensity of the light
source 22G is made to be lower than the maximum value.
Since the backlight 20 performs such light modulation, the
power consumption of the backlight 20 can be reduced. In the
liquid crystal display device 800, the light emitted from the
backlight 820 with constant intensity is modulated in the
liquid crystal panel 810. On the other hand, in the liquid
crystal display device 100, the light modulation is performed
in the backlight 20, and in addition, the liquid crystal panel 10
makes the relative transmittance of a sub-pixel related to the
light from the backlight 20 to be the maximum value, and the
relative transmittance of a sub-pixel not related to the light
from the backlight 20 to be the minimum value. Accordingly,
the contrast ratio can be increased.

[0214] As described above, the normalized luminance of
the liquid crystal display device 800 is 0.226, but the normal-
ized luminance of the liquid crystal display device 100 in this
embodiment is 0.348. This is because the grayscale levels pg,
Po> and py of the liquid crystal panel 10 are the maximum
value, and the light of the light sources 22R and 22G which
are turned on is efficiently transmitted through the liquid
crystal panel 10 in the liquid crystal display device 100.
Accordingly, the liquid crystal display device 100 can display
orange of high brightness.

[0215] In the above description, for example, in the case
where the grayscale level r of the input video signal is the
minimum value, the relative intensity br of the backlight 20
exhibits the minimum value, and the grayscale level p of the
liquid crystal panel 10 exhibits the minimum value. However,
the present invention is not limited to this. Alternatively, in the
case where the grayscale level r of the input video signal is the
minimum value, the grayscale level p, may be an arbitrary
value, and the relative intensity br of the backlight 20 may
exhibit the minimum value. Alternatively, in the case where
the grayscale level r of the input video signal is the minimum
value, the relative intensity br of the backlight 20 may be an
arbitrary value, and the grayscale level p, may exhibit the
minimum value.

[0216] Strictly speaking, even in the case where the relative
intensity br of the backlight 20 is the minimum value (i.e.
evenin the case where the light source 22R of the backlight 20
is turned off), part of light emitted from another light source
may sometimes be transmitted through the red sub-pixel R.
Similarly, even in the case where the grayscale level p, in the
liquid crystal panel 10 is the minimum value, the light emitted
from the light source 22R of the backlight 20 may sometimes
be transmitted through the liquid crystal panel 10. For this
reason, in the case where the grayscale level r of the input
video signal is the minimum value, it is preferred that the
grayscale level p; may be the minimum value. Accordingly,
high contrast ratio can be realized. As for the grayscale levels
g and b of the input video signal, the same may be described.
[0217] In the above description, the color indicated in the
input video signal is orange, but the color indicated in the
input video signal may be any other color.

[0218] FIG. 17 shows luminance levels r, g, and b of the
input video signal, relative intensities br, bg, and bb of the
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backlight 20, transmittance levels pr, pg, and pb of the liquid
crystal data signal, and relative transmittances pg, ps, P5, and
py of the liquid crystal panel 10 in the liquid crystal display
device 100 in the case where the input video signal indicates
yellowish green. Herein the input video signal indicates yel-
lowish green, the luminance levels r, g, and b of the input
video signal satisfy the relationship of g>r>b=0, the lumi-
nance levels (r, g, b) of the input video signal are (0.216, 1, 0),
and the grayscale levels (r, g, b) are (128, 255, 0), for example.
[0219] The relative intensities br, bg, and bb of the back-
light 20 are set based on the luminance levels r, g, and b of the
input video signal. In the case where the luminance levelsr, g,
and b satisfy the relationship of g>r>b=0, the relative inten-
sities br, bg, and bb of the backlight 20 satisfy the relationship
of' bg>br>bb=0. Specifically, in the case where the luminance
levels (1, g, b) of the input video signal are (0.216, 1, 0), the
relative intensities (br, bg, bb) are (0.216, 1, 0).

[0220] The transmittance levels pr, pg, and pb of the liquid
crystal data signal are set based on the luminance levels r, g,
and b ofthe input video signal. As described above, inthe case
where the luminance levels r, g, and b of the input video signal
satisfy the relationship of g>r>b=0, the grayscale levels pr
and pg corresponding to the luminance levels r and g have the
maximum values, and the grayscale level pb corresponding to
the luminance level b has the minimum value. For example, in
the case where the luminance levels (r, g, b) of the input video
signal are (0.216, 1, 0), the transmittance levels (pr, pg, pb) of
the liquid crystal data signal are (1, 1, 0), and the grayscale
levels (pr, pg, pb) are represented by (255, 255, 0) in the 255
grayscale notation. By the multi-primary color conversion,
the relative transmittances (pg, P, Pgs Py) 0f the liquid crystal
panel 10 are (1,1, 0, 1) and the grayscale levels (pg, P> Pss Py)
are represented by (255, 255, 0, 255) in the 255 grayscale
notation.

[0221] FIG. 18 shows luminance levels r, g, and b of the
input video signal, relative intensities br, bg, and bb of the
backlight 20, transmittance levels pr, pg, and pb of the liquid
crystal data signal, and relative transmittances pz, p, P, and
py of the liquid crystal panel 10 in the liquid crystal display
device 100 in the case where the input video signal indicates
light green. Herein the input video signal indicates light
green, the luminance levelsr, g, and b of the input video signal
satisty the relationship of g>r=b>0, the luminance levels (r, g,
b) of the input video signal are (0.216, 1, 0.216), and the
grayscale levels (1, g, b) are (128, 255, 128), for example.
[0222] The relative intensities br, bg, and bb of the back-
light 20 are set based on the luminance levels r, g, and b of the
input video signal. In the case where the luminance levelsr, g,
and b satisfy the relationship of g>r=b>0, the relative inten-
sities br, bg, and bb of the backlight 20 satisfy the relationship
of bg>br=bb>0. Specifically, in the case where the luminance
levels (r, g, b) of the input video signal are (0.216, 1, 0.216),
the relative intensities (br, bg, bb) are (0.216, 1, 0.216).
[0223] The transmittance levels pr, pg, and pb of the liquid
crystal data signal are set based on the luminance levels r, g,
and b ofthe input video signal. As described above, in the case
where the luminance levels r, g, and b of the input video signal
satisfy the relationship of g>r=b>0, the grayscale levels pr,
pg, and pb corresponding to the luminance levels r, g and b
have the maximum value. For example, in the case where the
luminance levels (r, g, b) of the input video signal are (0.216,
1, 0.216), the transmittance levels (pr, pg, pb) of the liquid
crystal data signal are (1, 1, 1), and the grayscale levels (pr,
pg, pb) arerepresented by (255, 255, 255) in the 255 grayscale
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notation. By the multi-primary color conversion, the relative
transmittances (pg, Pg, P5»> Py) Of the liquid crystal panel 10
are (1, 1, 1, 1), and the grayscale levels (pg, P, Pss Py) are
represented by (255, 255, 255, 255).

[0224] With reference to FIG. 19, the configuration of the
active drive processing portion 32 will be described. FIG. 19
is a schematic diagram of the active drive processing portion
32. The active drive processing portion 32 includes a gamma
converting portion 32a, a light source intensity determining
portion 325, a backlight intensity determining portion 32¢, a
panel transmission determining portion 324, and a gamma
converting portion 32e.

[0225] The gamma converting portion 32a performs
inverse gamma correction for the grayscale levels r, g, and b
of the input video signal. Generally, the input video signal is
subjected to the gamma correction processing, and the input
video signal indicates the grayscale levels r, g, and b which
are nonlinear with respect to the luminance. In the gamma
converting portion 32a, the inverse gamma correction pro-
cessing is performed for the input video signal, so that the
grayscale levelsr, g, and b are converted so as to be linear with
respect to the luminance of the respective primary colors,
thereby obtaining luminance levels r, g, and b.

[0226] The light source intensity determining portion 324
determines the relative intensities sr, sg, and sb of the light
sources 22R, 22G, and 22B of the backlight 20 based on the
luminance levels r, g, and b. The relative intensities sr, sg, and
sb may be set based on the sampling results of the luminance
levels r, g, and b of the input video signal. Alternatively, the
relative intensities sr, sg, and sb may be determined based on
the respective maximum value of each of the luminance levels
1, g, and b of the input video signal. Alternatively, the relative
intensities sr, sg, and sb may be determined based on the mean
value of each of the luminance levels r, g, and b of the input
video signal. Alternatively, the relative intensities sr, sg, and
sb may be determined based on the weighted average of the
mean value and the maximum value of each of the luminance
levels r, g, and b of the input video signal. The maximum
value, the mean value, and the weighted average of them are
described in International Publication No. WO 2009/054223,
for example. Thereafter, the light source intensity determin-
ing portion 325 outputs a light source signal indicating the
relative intensities sr, sg, and sb to the backlight driving
circuit 38.

[0227] Thebacklight intensity determining portion 32¢ cal-
culates the relative intensities br, bg, and bb from the back-
light 20 based on the relative intensities sr, sg, and sb. The
relative intensities br, bg, and bb are obtained by light diffu-
sion filter and linear interpolation.

[0228] The panel transmission determining portion 324
determines the transmission levels pr, pg, and pb of red,
green, and blue of the three primary color liquid crystal dis-
play device from the relationship between the luminance
levels r, g, and b of the input video signal and the relative
intensities br, bg, and bb of the backlight 20. The transmit-
tance levels pr, pg, and pb correspond to the relative transmit-
tances of the red, green, and blue liquid crystal layers LCy,
LC, and LCy in the three primary color liquid crystal display
device, and the transmittance levels pr, pg, and pb have linear
relationships with respect to the luminance (the intensities of
emitted light). In the above description, all of the pixels
exhibit the same color in the input video signal and the inten-
sities of light emitted from the backlight 20 are the same for
pixels p. However, in the case where the pixels exhibit differ-
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ent colors in the input video signal, and/or in the case where
the intensities of light emitted from the backlight 20 are
different for the pixels P, the transmittance levels pr, pg, and
pb are different depending on the respective pixel P.

[0229] Thereafter, the gamma converting portion 32e con-
verts the transmittance levels pr, pg, and pb to grayscale levels
pr, pg, and pb. Specifically, the gamma converting portion 32¢
performs gamma correction processing for the transmission
levels pr, pg, and pb, thereby determining the grayscale levels
pr, pg, and pb having nonlinear relationship with respect to
the luminance.

Embodiment 2

[0230] Hereinafter a liquid crystal display device in a sec-
ond embodiment of the present invention will be described.
FIG. 20(a) shows a schematic diagram of the liquid crystal
display device 100A in this embodiment. The liquid crystal
display device 100A is provided with a liquid crystal panel 10
and a backlight 20.

[0231] FIG.20(b) shows a schematic diagram of a pixel Pin
the liquid crystal panel 10. Also herein, the pixel P includes a
red sub-pixel R, a green sub-pixel G, a blue sub-pixel B, and
a yellow sub-pixel Ye. As described above with reference to
FIG. 1(d) and FIG. 1(e), the backlight 20 includes a light
source unit 22 having light sources 22R, 22G, and 22B.
[0232] FIG. 21 shows a schematic diagram of the liquid
crystal display device 100A provided with a control circuit
30A. The control circuit 30A controls the liquid crystal panel
10 and the backlight 20 based on an input video signal. The
control circuit 30A includes an active drive processing por-
tion 32, amulti-primary color converting portion 34A, a panel
driving circuit 36, and a backlight driving circuit 38. The
control circuit 30A has the same configuration as that of the
control circuit 30 described above with reference to FIG. 7, so
that overlapping descriptions are omitted in order to avoid
verbose descriptions.

[0233] The active drive processing circuit 32 generates a
light source signal and a liquid crystal data signal based onthe
input video signal. The light source signal indicates relative
intensities sr, sg, and sb of the light sources 22R, 22G, and
22B. The relative intensities sr, sg, and sb of the light sources
22R, 22G, and 22B are set based on the luminance levels r, g,
and b of the input video signal. The backlight driving circuit
38 drives the light sources 22R, 22G, and 22B of'the backlight
20 based on the light source signal. At this time, light of
relative intensities br, bg, and bb is emitted from the backlight
20.

[0234] The active drive processing portion 32 generates a
backlight signal from the light source signal. The backlight
signal indicates the relative intensities br, bg, and bb of the
backlight 20. In the active drive processing portion 32, the
relative intensities br, bg, and bb of the backlight 20 are
obtained from the relative intensities sr, sg, and sb. As
described above, the relative intensities br, bg, and bb are set
depending on the luminance levels r, g, and b of the input
video signal. For example, the magnitude correlation among
the relative intensities br, bg, and bb may be the same as the
magnitude correlation among the luminance levels r, g, and b,
or the relative intensities br, bg, and bb may be substantially
equal to the luminance levels r, g, and b.

[0235] Alternatively, the relative intensities br, bg, and bb
may be determined in any other conditions based on the
luminance levels r, g, and b. The relative intensities br, bg, and
bb of the backlight 20 may be higher than the luminance
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levels r, g, and b in accordance with the input video signal. As
described above, in the case where all of the pixels exhibit the
same color in the input video signal, the relative intensities br,
bg, and bb of the backlight 20 may be equal to the luminance
levels r, g, and b of the input video signal. On the other hand,
in the case where the pixels exhibit different colors in the
input video signal, the relative intensities br, bg, and bb of the
backlight 20 may sometimes be higher than the luminance
levels r, g, and b of the input video signal. Specifically, in the
input video signal, in the case where grayscale levels of red
are different among a plurality of pixels corresponding to a
certain light source unit 22, the relative intensity br of the
backlight 20 is set in accordance with the maximum value of
the grayscale level r, and the relative intensity br is higher than
the grayscale level r of the other pixels. Similarly, in the input
video signal, grayscale levels of green and blue are different
among a plurality of pixels corresponding to the light source
unit 22, the relative intensities bg and bb of the backlight 20
are set in accordance with the maximum value of the gray-
scale levels g and b, and the relative intensities bg and bb are
higher than the grayscale levels bg and bb of the other pixels.
[0236] Alternatively, even in the case where all of the pixels
in the input video signal exhibit the same color, if the relative
intensities br, bg, and bb of the backlight 20 are made to be
equal to the luminance levels r, g, and b of the input video
signal, the display characteristics such as color shift or view-
ing angle characteristic may sometimes be deteriorated. In
such a case, even if all of the pixels exhibit the same color in
the input video signal, the relative intensities br, bg, and bb of
the backlight 20 may be made to be higher than the luminance
levels r, g, and b of the input video signal.

[0237] As described above, the relative intensities br, bg,
and bb are determined based on the luminance levels r, g, and
b. For example, a relative intensity corresponding to the lower
one ofthe luminance levels rand g in the relative intensities br
and bg is set to be a higher value than the lower luminance
level. For example, in the case where the lower value is o and
the higher value is 3 in the luminance levels rand g, a relative
intensity corresponding to the lower one of the luminance
levels rand g in the relative intensities br and bg may be set to
be not lower than a and not higher than f§. For example, in the
case where the luminance levels (r, g, b) are (0, 1, 0), the
relative intensity bg is 1, the relative intensity bb is 0, and the
relative intensity br is set to be a value not lower than 0 and not
higher than 1.

[0238] The multi-primary color converting portion 34A
converts the grayscale levels pr, pg, and pb of the liquid
crystal data signal to the red, green, blue and yellow grayscale
levels py, ps, Ps» and p,. As described above, the color phase
of color indicated by the grayscale levels pr, pg, and pb before
the conversion is substantially the same as that of color indi-
cated by the grayscale levels p,, p,, ps;, and p, after the
conversion.

[0239] Thereafter, the multi-primary color converting por-
tion 34A generates a panel signal which indicates the gray-
scale levels p,, p,, p3, and p, as grayscale levels pg, Ps, Pss
and p;- Alternatively, the multi-primary color converting por-
tion 34A sets the grayscale levels p,, p,, and p; as grayscale
levels pg, P, and pg, respectively, and a level p,' which is
higher than the grayscale level p, may be set as the grayscale
level py.

[0240] For example, the multi-primary color converting
portion 34A may set the grayscale level p,' based on the
backlight signal. As described later, as the grayscale level p4'
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is increased, the chromaticity is sifted together with the
increase of the normalized luminance. Thus, it is preferred
that the grayscale level p, may be set to such a degree that the
shift of the chromaticity is not too much.

[0241] For example, the multi-primary color converting
portion 34A sets the grayscale level p,' based on the relative
intensities br and bg of the backlight 20. The grayscale level
p4 may be set to be a constant value based on the relative
intensities br and bg of the backlight 20, or alternatively, may
be continuously changed in accordance with the relative
intensities br and bg. Thus, the multi-primary color convert-
ing portion 34 A may generate a panel signal based onnot only
the liquid crystal data signal but also the backlight signal. The
panel driving circuit 36 drives the liquid crystal panel 10
based on the panel signal indicating the grayscale levels pg,
Pe: Pp and py.

[0242] Hereinafter the liquid crystal display device 100A in
the case where the input video signal indicates green will be
described. For example, the grayscale levels (r, g, b) are (0,
255, 0) in the 255 grayscale notation. Herein the relative
intensities br, bg, and bb of the backlight 20 are substantially
equal to the luminance levels r, g, and b. The multi-primary
color converting portion 34A generates a panel signal based
on not only the liquid crystal data signal but also the backlight
signal. In this case, the relative intensities (br, bg, and bb) of
the backlight 20 are (0, 1, 0).

[0243] As the result of the conversion of the pr, pg, and pb
by the multi-primary color converting portion 34A, the gray-
scale levels (p;, P», P3» P4) Of the red, green, blue, and yellow
sub-pixels are (0, 255, 0, 0). The color phase of color indi-
cated by the grayscale levels pr, pg, and pb is substantially the
same as that of color indicated by the grayscale levels p,, p,,
P> and p..

[0244] Thereafter the multi-primary color converting por-
tion 34A sets the grayscale level p,' based on the relative
intensities br, bg, and bb of the backlight 20. Herein the
difference between the relative intensities br and bg is large,
so that the multi-primary color converting portion 34A sets
the grayscale level p,' which is higher than the grayscale level
p. as the grayscale level p;. Accordingly, the grayscale levels
(Pr> Pas P Py) of the liquid crystal panel 10 are (0, 255, 0, p.,")
in the 255 grayscale notation. Herein the grayscale level p,,'is
0<p,'=255, and the relative transmittance p,' is 0<p,'=1.
Thus, in the case where the input video signal indicates green,
in the liquid crystal display device 100A, the relative inten-
sities (br, bg, bb) of the backlight 20 are (0, 1, 0), the relative
transmittances (Pz, P, Pg» Py) Of the liquid crystal panel 10
are (0, 1, 0, p,"), and the grayscale levels (pg, Pss Pss Py) are
(0, 255, 0, p,) in the 255 grayscale notation.

[0245] Intheliquid crystal display device 100A, in the case
where the light source 22G of the backlight 20 is turned on,
and the light sources 22R and 22B are turned off, the light
from the backlight 20 is transmitted through not only the
green sub-pixel G but also the yellow sub-pixel Ye. Accord-
ingly, the normalized luminance can be efficiently increased.

[0246] Hereinafter the normalized luminance of the liquid
crystal display device 100A will be described with reference
to FIG. 22.

[0247] FIG. 22(a) shows an emission spectrum of the back-
light 20. Herein the relative intensities (br, bg, bb) of the
backlight 20 are (0, 1, 0), so that the light source 22G is in the
on state. The emission spectrum has the peak wavelength of
about 520 nm. FIG. 22(a) is the same as FIG. 5(a).
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[0248] FIG. 22(b) shows a transmission spectrum of the
liquid crystal panel 10. Herein the grayscale levels (pg, P,
Pss Py) of the liquid crystal panel 10 are (0, 0, 0, 255), so that
the light is transmitted through the yellow sub-pixel Ye.
Accordingly, the liquid crystal panel 10 mainly transmits
light having wavelengths of 500 nm or more.

[0249] FIG.22(c)shows an emission spectrum of the liquid
crystal display device 100A in the case where the light of the
spectrum shown in FIG. 22(a) is emitted from the backlight
20 and the light is transmitted through the liquid crystal panel
with the spectrum shown in FIG. 22(b). Herein the grayscale
levels (P, P P Py) Of the liquid crystal panel 10 are (0, O,
0,255), and the relative intensities (br, bg, bb) ofthe backlight
20 are (0, 1, 0). In such a case, the intensity of light emitted
from the yellow sub-pixel Ye is mainly expressed by the
product of the intensity of light from the light source 22G in
the backlight 20 and the transmittance of the yellow sub-pixel
Ye. The emission spectrum also has the peak wavelength of
about 520 nm.

[0250] FIG.22(d) shows an emission spectrum of the liquid
crystal display device 100A in the case where the light of the
spectrum shown in FIG. 22(a) is emitted from the backlight
20, and the light is transmitted through the liquid crystal panel
10 with the spectra shown in both of FIG. 5(5) and FIG. 22(5).
Herein the grayscale levels (pg, pgs Pz, Py) Of the liquid
crystal panel 10 are (0, 255, 0, 255), and the relative intensi-
ties (br, bg, bb) of the backlight 20 are (0, 1, 0). In such a case,
the intensity of light emitted from the liquid crystal display
device 100A is the sum of the intensity of light emitted from
the light source 22G and transmitted through the green sub-
pixel G and the intensity of light transmitted through the
yellow sub-pixel Ye, so that green with high brightness can be
displayed. Herein the light source 22G is turned on, but the
light source 22R is turned off, so that if the light is transmitted
through not only the green sub-pixel G but also the yellow
sub-pixel Ye in the liquid crystal panel 10, the color phase of
color displayed by the liquid crystal display device 100A are
hardly varied.

[0251] Herein the advantages of the liquid crystal display
device 100A will be described as compared with the liquid
crystal display devices 700 and 800 in the comparative
examples 1 and 2. First, the liquid crystal display device 700
in the comparative example 1 will be described. The configu-
ration of the liquid crystal display device 700 in the compara-
tive example 1 is described above with reference to F1G. 9, so
that overlapping descriptions are omitted for avoiding ver-
bose descriptions.

[0252] Herein the color indicated in the input video signal
is green, and the grayscale levels (r, g, b) are (0, 255, 0) in the
255 grayscale notation. In the liquid crystal display device
700 in the comparative example 1, light of constant intensity
is emitted from the backlight 720. Herein the relative inten-
sities (br, bg, bb) of the backlight 720 are represented as (1, 1,

1.

[0253] The grayscale levels (pr, pg, pb) of the red, green,
and blue sub-pixels in the liquid crystal panel 710 are equal to
the grayscale levels (r, g, b) of the input video signal, i.e., (0,
255, 0). In this case, the normalized luminance in the liquid
crystal display device 700 is 0.566 (=0.246x(0/255)*+0.
566x(255/255)*2+0.188x(0/255)*2). Table 10 shows the
grayscale levels of respective sub-pixels in the liquid crystal
panel 710.
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TABLE 10
Normalized
R G B Ye Luminance
Grayscale level of 0 255 0 — 0.566

Comparative example 1

[0254] Next, the liquid crystal display device 800 in the
comparative example 2 will be described. The configuration
of the liquid crystal display device 800 in the comparative
example 2 is described above with reference to FIG. 11, so
that overlapping descriptions are omitted for avoiding ver-
bose descriptions.

[0255] Herein the color indicated in the input video signal
is green, and the grayscale levels (r, g, b) are (0, 255, 0) in the
255 grayscale notation. In the liquid crystal display device
800 in the comparative example 2, light of constant intensity
is emitted from the backlight 820. Herein the relative inten-
sities (br, bg, bb) of the backlight 820 are indicated by (1, 1,
1.

[0256] The grayscale levels (pr, pg, pb) of the liquid crystal
data signal are equal to the grayscale levels (r, g, b) of the
input video signal, i.e. (0, 255, 0). In the liquid crystal display
device 800 in the comparative example 2, multi-primary color
conversion is performed. The grayscale levels (pg, Pg, P5 Py)
are (0,255, 0, 0)in the 255 grayscale notation. In this case, the
normalized luminance in the liquid crystal display device 800
is 0.338 (=0.107x(0/255)*2+0.338x(255/255)*2+0.118x(0/
255)*240.44x(0/255)*2). Table 11 shows grayscale levels of
respective sub-pixels in the liquid crystal panel 810. Table 11
also shows the values of the liquid crystal display device 700
in the comparative example 1 for reference.

TABLE 11
Normalized
R G B Ye luminance
Grayscale level in 0 255 0 — 0.566
Comparative example 1
Grayscale level in 0 255 0 0 0.338

Comparative example 2

[0257] Thus, the normalized luminance of the liquid crystal
display device 800 in the comparative example 2 is low, so
that the liquid crystal display device 800 cannot display green
of high brightness.

[0258] Inthe above-described liquid crystal display device
100, in the case where the input video signal indicates green,
the light source 22G of the backlight 20 is turned on, and the
light is transmitted through the green sub-pixel G. For
example, as described above with reference to FIG. 5, in the
case where the grayscale levels (r, g, b) of the input video
signal are (0, 255, 0), the relative intensities (br, bg, bb) of the
backlight 20 are (0, 1, 0), the relative transmittances (pz, Pgs
Ps» Py) of the liquid crystal panel 10 are (0, 1, 0, 0), and the
grayscale levels (pg, s, Pg, Py) are represented by (0255, 0,
0) in the 255 grayscale notation. In this case, the light of the
spectrum shown in FIG. 5(c) is emitted, but high brightness
cannot be obtained by the light only in some cases.

[0259] On the contrary, the liquid crystal display device
100A in this embodiment can display green of high bright-
ness. Hereinafter the normalized luminance of the liquid crys-
tal display device 100A will be described. Herein the color
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indicated in the input video signal is also green, the luminance
levels (r, g, b) are (0, 1, 0), and the grayscale levels (r, g, b) are
(0, 255, 0).

[0260] Herein the relative intensities br, bg, and bb of the
backlight 20 are set based on the luminance levels r, g, and b
ofthe input video signal. Table 12 shows the relative intensi-
ties (br, bg, bb) of the backlight 20.

TABLE 12
Embodiment 2 br bg bb
Relative intensity of Backlight 0 1 0

[0261] As described above, herein the relative transmit-
tances (Pg, Pas Ps» Py) Of the liquid crystal panel 10 are (0, 1,
0, p,), and the grayscale levels (px, Ps: P5: Py) are (0,255, 0,
p.4') in the 255 grayscale notation. Table 13 shows the trans-
mittances of the red sub-pixel R, the green sub-pixel G, the
blue sub-pixel B, and the yellow sub-pixel Ye in the liquid
crystal panel 10.

TABLE 13
Embodiment 2 R G B Ye
Grayscale level of 0 255 0 P4

Liquid crystal panel

[0262] As described above, the relative transmittance p,' is
0<p,'=1, and the grayscale level p,' is 0<p,'=255. As the
grayscale level p,' increases, the improvement effect of the
normalized luminance is increased. However, if the grayscale
level p,,' is too high, the color phase of color displayed by the
liquid crystal display device 100 A may sometimes be shifted
largely. In addition, if the grayscale level p,,' is low, the shift of
color is suppressed, but the improvement effect of the nor-
malized luminance is reduced. For example, in the case where
the grayscale level p' is the grayscale level of 222, the nor-
malized luminance of the liquid crystal display device 100A
is 0.566 which is equal to that of the liquid crystal display
device 700 in the comparative example 1. The grayscale level
of 222 corresponds to the relative transmittance of 0.737.
[0263] FIG. 23 shows luminance levels r, g, and b of the
input video signal, relative intensities br, bg, and bb of the
backlight 20, transmittance levels pr, pg, and pb of a liquid
crystal data signal, and relative transmittances pg, pg, Pz, and
py of the liquid crystal panel 10 in the liquid crystal display
device 100A. Herein the input video signal also indicates
green. For example, the luminance levels r, g, and b) of the
input video signal satisfy the relationship of g>r=b 0, the
luminance levels (1, g, b) of the input video signal are (0, 1, 0),
and the grayscale levels (r, g, b) are (0, 255, 0).

[0264] The relative intensities br, bg, and bb of the back-
light 20 are set based on the luminance levels r, g, and b of the
inputvideo signal. In the case where the luminance levelsr, g,
and b satisfy the relationship of g>r=b=0, the relative inten-
sities br, bg, and bb of the backlight 20 satisty the relationship
of bg>br=bb=0. Specifically, the luminance levels (r, g, b) of
the input video signal are (0, 1, 0), the relative intensities (br,
bg, bb) are (0, 1, 0).

[0265] The transmittance levels pr, pg, and pb of the liquid
crystal data signal are set based on the luminance levels r, g,
and b of the input video signal. As described above, in the case
where the luminance levels r, g, and b of the input video signal
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satisfy the relationship of g>r=b=0, the grayscale level pg
corresponding to the luminance level g has the maximum
value, and the grayscale levels pr and pb corresponding to the
luminance levels r and b have the minimum value. For
example, in the case where the luminance levels (r, g, b) of the
input video signal are (0, 1, 0), the transmittance levels (pr, pg,
pb) of the liquid crystal data signal are (0, 1, 0), and the
grayscale levels (pr, pg, pb) are represented by (0, 255, 0) in
the 255 grayscale notation. In this case, as the result of the
multi-primary color conversion, the relative transmittances
(Prs Ps: P Py) of the liquid crystal panel 10 are (0, 1, O,
0.737), and the grayscale levels (pg, Ps»> Pss Py) are repre-
sented by (0, 255, 0, 222) in the 255 grayscale notation.
[0266] In the above description, the color indicated in the
input video signal is green. However the present invention is
not limited to this. The color indicated in the input video
signal may be red. For example, even in the case where the
grayscale levels of the input video signal satisfy the relation-
ship of r>g=b=0, the relative intensity br of the backlight 20
is made to be higher than the minimum value and not only the
grayscale level pg but also the grayscale level py-of the liquid
crystal panel 10 are made to be higher than the minimum
value, thereby displaying red of high brightness.

[0267] Inthe above description, the setting of the grayscale
level p,' is performed in the case where one of the relative
intensities br and bg has the minimum value, and the other is
higher than the minimum value. However, the present inven-
tion is not limited to this. For example, the setting of the
grayscale level p,' may be performed in the case where both
of the relative intensities br and bg are higher than the mini-
mum value.

[0268] In the above description, the relative intensities br,
bg, and bb of the backlight 20 are substantially equal to the
luminance levels r, g, and b of the input video signal. How-
ever, the present invention is not limited to this. As for the
relative intensities br, bg, and bb, one of the relative intensi-
ties br and bg corresponding to the lower one of the luminance
levels r and g may be set to have a higher value than the lower
luminance level.

[0269] Hereinafter with reference to FIG. 24, the liquid
crystal display device 100A will be described. FIG. 24 shows
luminance levels r, g, and b of the input video signal, relative
intensities br, bg, and bb of the backlight 20, transmittance
levels pr, pg, and pb of the liquid crystal data signal, and
relative transmittances py, pg, P, and py-of the liquid crystal
panel 10 in the liquid crystal display device 100A.

[0270] Herein the input video signal also indicates green.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of g>r=b=0, the lumi-
nance levels (1, g, b) of the input video signal are (0, 1, 0), and
the grayscale levels (r, g, b) are (0, 255, 0).

[0271] The relative intensities br, bg, and bb of the back-
light 20 are set based on the luminance levels r, g, and b. In the
case where the luminance levels r, g, and b satisfy the rela-
tionship of g>r=b=0, the relative intensities br, bg, and bb of
the backlight 20 satisfy the relationships of bgZbr=0 and
bg=bb=0. For example, in the case where the luminance
levels (r, g, b) of the input video signal are (0, 1, 0), the relative
intensity bg is 1, the relative intensity bb is 0, and the relative
intensity br is 0=br=1.

[0272] The transmittance levels pr, pg, and pb of the liquid
crystal data signal are set based on the luminance levels r, g,
and b of the input video signal. As described above, in the case
where the luminance levels r, g, and b of the input video signal
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satisfy the relationship of g>r=b=0, the grayscale level pg
corresponding to the luminance level g has the maximum
value, and the grayscale levels pr and pb corresponding to the
luminance levels r and b have the minimum value. For
example, in the case where the luminance levels (r, g, b) of the
input video signal are (0, 1, 0), the transmittance levels (pr, pg,
pb) of the liquid crystal data signal are (0, 1, 0), and the
grayscale levels (pr, pg, pb) are represented by (0, 255, 0) in
the 255 grayscale notation.

[0273] Next, multi-primary color conversion is performed.
Herein the relative transmittances (pg, P, Pz, Py) of the liquid
crystal panel 10 are (0, 1, 0, 0.737), and the grayscale levels
(Pr> Po> P> Py) are represented by (0, 255, 0, 222) in the 255
grayscale notation. Herein similarly to the description with
reference to FIG. 23, the relative transmittances (pz, Pgs Pgs
pyare(0,1,0,0.737). However, since the relative intensity br
of the backlight 20 is higher than the minimum value, the
relative transmittance p, may be lower than 0.737. As
described above, in the case where the input video signal
indicates green, not only the relative intensity bg of the back-
light 20 but also the relative intensity br may be higher than
the minimum value.

[0274] In the above description, the color indicated in the
input video signal is green. However, the present invention is
not limited to this. The color indicated in the input video
signal may be red. In this case, even when the grayscale levels
of the input video signal satisfy the relationship of r>g=b=0,
not only the relative intensity br of the backlight 20 but also
the relative intensity bg may be higher than the minimum
value, and the grayscale levels px and py-of the liquid crystal
panel 10 may be higher than the minimum value.

[0275] In this way, in the case where the color indicated in
the input video signal is green, not only the relative intensity
bg of the backlight 20 but also the relative intensity br may be
higher than the minimum value.

[0276] Hereinafter with reference to FIG. 25, the variations
of chromaticity and normalized luminance in accordance
with the change of relative intensity br of the backlight 20 in
the liquid crystal display device 100A will be described.
Herein the input video signal also indicates green. For
example, the luminance levels r, g, and b of the input video
signal satisfy the relationship of g>r=b=0, the luminance
levels (r, g, b) of the input video signal are (0, 1, 0), and the
grayscale levels (r, g, b) are (0, 255, 0).

[0277] FIG. 25(a) shows the variation of chromaticity. In
FIG. 25(a), the axis of abscissa indicates chromaticity x and
the axis of ordinate indicates chromaticity y. FIG. 25(b)
shows the variation of normalized luminance. In FIG. 25(5),
the axis of abscissa indicates the relative intensity br of the
backlight 20, and the axis of ordinate indicates the normalized
luminance. Herein the grayscale levels (pz, pg, P> Py) of the
liquid crystal panel 10 are (0, 255, 0, 0), and the relative
intensities bg and bb of the backlight 20 are 1 and 0, respec-
tively.

[0278] As shown in FIG. 25(a), the chromaticity x and the
chromaticity y when the relative intensity br is 1 are substan-
tially equal to those when the relative intensity br is 0. In the
liquid crystal panel 10, the green sub-pixel G transmits light
and the other sub-pixels block out the light, so that even if the
relative intensity br of the backlight 20 is increased, the light
emitted from the liquid crystal panel 10 may hardly be
affected. As is understood from FIG. 2 and FIG. 3, the emis-
sion spectrum of the light source 22R slightly overlaps the
transmission spectrum of the green sub-pixel G. Due to the
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increase of the relative intensity br of the backlight 20, the
intensity of light of longer wavelengths in the light emitted
from the liquid crystal panel 10 is slightly increased. Strictly
speaking, as the relative intensity br increases, the chroma-
ticity x and the chromaticity y are both shifted slightly.
[0279] As shown in FIG. 25(5), the normalized luminance
when the relative intensity bris 1 is substantially equal to that
when the relative intensity bris 0. As described above, in the
liquid crystal panel 10, the green sub-pixel G transmits light,
and the other sub-pixels block out the light, so that even if the
relative intensity br of the backlight 20 increases, the light
emitted from the liquid crystal panel 10 may hardly be
affected.

[0280] As described above, in the liquid crystal panel 10, in
the case where not only the green sub-pixel G but also the
yellow sub-pixel Ye transmit light, the chromaticity x, the
chromaticity y, and the normalized luminance are varied in
accordance with the increase of the relative intensity br,
respectively.

[0281] Withreference to FIG. 26, the variations of chroma-
ticity and normalized luminance in accordance with the
change of the relative intensity br of the backlight 20 in the
liquid crystal display device 100A will be described. FIG.
26(a) shows the variation of chromaticity, and FIG. 26(5)
shows the variation of normalized luminance. For reference,
in FIG. 26(b), the normalized luminance when the grayscale
level pyis zero is also shown.

[0282] Herein the input video signal also indicates green.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of g>r=b=0, the lumi-
nance levels (r, g, b) of the input video signal are (0, 1, 0), and
the grayscale levels (t, g, b) are (0, 255, 0).

[0283] Herein the grayscale levels (pg, Pes Pg» Py) Of the
liquid crystal panel 10 are (0, 255, 0, 57), and the relative
intensities bg and bb of the backlight 20 are 1 and O, respec-
tively.

[0284] As shown in FIG. 26(a), by increasing the relative
intensity br of the backlight 20, the chromaticity x and the
chromaticity y are relatively largely shifted. This is because
since the green sub-pixel G transmits light and also the yellow
sub-pixel Ye transmits light to some extent in the liquid crystal
panel 10, the intensity of light of longer wavelengths in the
light emitted from the liquid crystal panel 10 is increased due
to the increase of the relative intensity br.

[0285] As shown in FIG. 26(4), the normalized luminance
when the grayscale level py is 57 is slightly larger than that
when the grayscale level py-is 0. This is because, as described
above, in the liquid crystal panel 10, not only the green
sub-pixel G but also the yellow sub-pixel Ye transmit light. It
is noted that since the grayscale level p,-in the liquid crystal
panel 10 is relatively low, the influence on the normalized
luminance is relatively small.

[0286] Next, with reference to FIG. 27, the variations of
chromaticity and normalized luminance in accordance with
the change of the relative intensity br of the backlight 20 in the
liquid crystal display device 100A will be described. FIG.
27(a) shows the variation of chromaticity, and FIG. 27(b4)
shows the variation of normalized luminance. For reference,
in FIG. 27(b), the normalized luminance when the grayscale
level p is zero is also shown.

[0287] Herein the input video signal also indicates green.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of g>r=b=0, the lumi-
nance levels (r, g, b) of the input video signal are (0, 1, 0), and
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the grayscale levels (r, g, b) are (0, 255, 0). Herein the gray-
scale levels (g, Ps» P> Py) Of the liquid crystal panel 10 are
(0, 255, 0, 222), and the relative intensities bg and bb of the
backlight 20 are 1 and 0, respectively.

[0288] As shown in FIG. 27(a), by the increase of the
relative intensity br of the backlight 20, the chromaticity x and
the chromaticity y are more largely shifted. This is because
since not only the green sub-pixel G but also the yellow
sub-pixel Ye transmit light in the liquid crystal panel 10, the
intensity of light of longer wavelengths in the light emitted
from the liquid crystal panel 10 is largely increased, due to the
increase of the relative intensity br.

[0289] As shown in FIG. 27(5), the normalized luminance
when the relative intensity br is 1 is larger than that when the
relative intensity br is 0. This is because, in the liquid crystal
panel 10, the grayscale level p; is relatively high, and the
influence on the normalized luminance in accordance with
the increase of the relative intensity br is large. The normal-
ized luminance when the grayscale level p, is 222 is larger
than the normalized luminance when the grayscale level pis
57.

[0290] Asisunderstood from the comparison between FIG.
26 and FIG. 27, in the case where the grayscale level py is
small, the variation of chromaticity is relatively small and the
improvement effect of the normalized luminance is relatively
small. On the other hand, in the case where the grayscale level
py is large, the improvement effect of the normalized lumi-
nance is relatively large, and the variation of chromaticity is
also relatively large.

[0291] In the above description, irrespective of the change
of the relative intensity br of the backlight 20, the grayscale
level pyin the liquid crystal panel 10 is constant. However the
present invention is not limited to this. The grayscale level p,-
in the liquid crystal panel 10 may be varied in accordance
with the change of the relative intensity br of the backlight 20.
[0292] Withreference to FIG. 28, the variations of chroma-
ticity and normalized luminance in accordance with the
change of the relative intensity br of the backlight 20 in the
liquid crystal display device 100A will be described. FIG.
28(a) shows the variation of chromaticity, and FIG. 28(5)
shows the variation of normalized luminance. For reference,
FIG. 28(b) also shows respective normalized luminance
when the grayscale level p,.is 0, 57, and 222.

[0293] Herein the input video signal also indicates green.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of g>r=b=0, the lumi-
nance levels (r, g, b) of the input video signal are (0, 1, 0), and
the grayscale levels (r, g, b) are (0, 255, 0). Herein the gray-
scale levels py, pg, and pz of the liquid crystal panel 10 are 0,
255, and 0, and the grayscale level p,-is not lower than 57 and
not higher than 222. The relative intensities bg and bb of the
backlight 20 are 1 and 0, respectively.

[0294] Herein when the relative intensity br is 0, the gray-
scale level py of the liquid crystal panel 10 is 222, and the
grayscale level p, is decreased in accordance with the
increase of the relative intensity br. When the relative inten-
sity bris 1, the grayscale level p-of the liquid crystal panel 10
is 57.

[0295] As shown in FIG. 28(a), by the increase of the
relative intensity br of the backlight 20, the chromaticity is
slightly shifted, but the shift amount is relatively small.
Herein the grayscale level pis decreased in accordance with
the increase of the relative intensity br, thereby reducing the
shift of chromaticity.
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[0296] As shown in FIG. 28(b), in the case where the rela-
tive intensity br is 0, the improvement effect of the normalized
luminance is large, but the improvement effect of the normal-
ized luminance is reduced as the relative intensity br
increases. Thus, in accordance with the increase of the rela-
tive intensity br, the grayscale level p, is reduced, so that it is
possible to improve the normalized luminance and suppress
the shift of chromaticity.

Embodiment 3

[0297] Hereinafter a second embodiment of a liquid crystal
display device of the present invention will be described. FIG.
29(a) shows a schematic diagram of a liquid crystal display
device 200 in this embodiment. The liquid crystal display
device 200 is provided with a liquid crystal panel 10A and a
backlight 20.

[0298] FIG.29(b)showsa schematic diagram ofa pixel Pin
the liquid crystal panel 10A. The pixel P in the liquid crystal
panel 10A includes a red sub-pixel R, a green sub-pixel G, a
blue sub-pixel B, and a white sub-pixel W. In other words, the
pixel P in the liquid crystal panel 10A is different from the
pixel P in the liquid crystal panel 10 shown in FIG. 1(5) in that
the pixel P in the liquid crystal panel 10A has the white
sub-pixel W instead of the yellow sub-pixel Ye.

[0299] FIG. 29(c) shows a schematic sectional view of the
liquid crystal panel 10A. In the white sub-pixel W, a colorless
and transparent (i.e. for transmitting white light) color filter
13W is disposed. Hereinafter a liquid crystal layer LC of the
white sub-pixel W is sometimes referred to as a liquid crystal
layer LC .

[0300] The backlight 20 includes a light source unit 22
having light sources 22R, 22G, and 22B, as described above
with reference to FIG. 1(d) and FIG. 1(e).

[0301] As described above, in the liquid crystal panel 10A,
the pixel P has the red, green, blue, and white sub-pixels R, G,
B, and W. In this specification, a grayscale level of white of
the liquid crystal panel 10A (white displayed only by the
white sub-pixel W) is denoted by p,,. The grayscale level py,,
corresponds to the transmittance of the liquid crystal layer
LCy- of the white sub-pixel W. Specifically, across the liquid
crystal layer LC;, of the white sub-pixel W, a voltage corre-
sponding to the grayscale level py-is applied, thereby chang-
ing the transmittance of the white sub-pixel W.

[0302] Inthe case where the liquid crystal panel 10A isof a
normally black type, when the minimum applied voltage
(typically a voltage of zero) is applied across the liquid crystal
layer LCy, the transmittance exhibits the minimum value.
When the maximum applied voltage is applied across the
liquid crystal layer LCy;, the transmittance exhibits the maxi-
mum value. In the case where the applied voltage across the
liquid crystal layer LCy;.is low, the transmittance of the white
sub-pixel W is low. In addition, when the applied voltage
across the liquid crystal layer LC,; s high, the transmittance
of the white sub-pixel W is high.

[0303] Thus, the grayscale level p,, of the liquid crystal
panel 10A corresponds to the transmittance of the white sub-
pixel W in the liquid crystal panel 10A. In the following
description of this specification, a transmittance normalized
in such a manner that the minimum value is zero (0), and the
maximum valueis 1 in the white sub-pixel W is represented as
a relative transmittance p -

[0304] The light emitted from the white sub-pixel W is the
light emitted from the light sources 22R, 22G, and 22B in the
backlight 20, and transmitted through the liquid crystal layer
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LCpy and the color filter 13W in the liquid crystal panel 10A.
Accordingly, the intensity of light emitted from the white
sub-pixel W is mainly expressed by the product of the sum of
the intensities of light of the light sources 22R, 22G, and 22B
in the backlight 20, and the transmittance of the white sub-
pixel W. The transmittance of the white sub-pixel W is mainly
expressed by the product of the transmittance of the color
filter 13W and the transmittance of the liquid crystal layer
LCy.

[0305] Table 14 shows the luminance ratios of the red sub-
pixel R, the green sub-pixel G, the blue sub-pixel B, and the
white sub-pixel W in the liquid crystal display device 200.
The luminance ratio of the white sub-pixel W (recited in a box
of Ws in Table 14) is a ratio of the luminance when the white
sub-pixel W exhibits the maximum transmittance and the
other sub-pixels exhibit the minimum transmittance to the
luminance when white (W) is displayed by the entire of the
pixel P (i.e., the luminance when all of the sub-pixels exhibit
the maximum transmittance).

TABLE 14

Luminance ratio

11.8%
29.6%
9.6%
49.0%
100%

fzwaw

[0306] In the liquid crystal display device 200 in this
embodiment, each pixel P in the liquid crystal panel 10A
includes four or more sub-pixels exhibiting colors which are
different from each other, and each light source unit 22
includes light sources 22R, 22G, and 22B. Accordingly, dis-
play can be performed in wide color reproduction range. In
accordance with the colors to be displayed, the transmittances
of the liquid crystal layers LCy, LCg, LCpg, and LCy;, in the
liquid crystal panel 10A are changed, and additionally the
relative intensities of the light sources 22R, 22G, and 22B of
each light source unit 22 in the backlight 20 can be changed.
Accordingly, it is possible to increase the contrast ratio and to
reduce the power consumption.

[0307] Specifically, in the case where the liquid crystal
display device 200 displays red, the light source 22R is turned
on, and the light sources 22G and 22B are turned off in the
backlight 20, and the red sub-pixel R transmits light, and the
other sub-pixels block out the light in the liquid crystal panel
10A. Similarly, in the case where the liquid crystal display
device 200 displays green, the light source 22G is turned on,
and the light sources 22R and 22B are turned off, and the
green sub-pixel G transmits light and the other sub-pixels
block out the light in the liquid crystal panel 10A. Similarly,
in the case where the liquid crystal display device 200 dis-
plays blue, the light source 22B is turned on, and the light
sources 22R and 22G are turned off, and the blue sub-pixel B
transmits light and the other sub-pixels block out the light in
the liquid crystal panel 10A. Thus, by controlling the turning
on and off of the light sources 22R, 22G, and 22B in accor-
dance with the colors to be displayed on the liquid crystal
display device 200, the power consumption can be reduced.
In addition, in accordance with the colors to be displayed on
the liquid crystal display device 200, the transmittances of the
red, green, blue, and white sub-pixels R, G, B, and W are
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changed and additionally the intensities of light emitted from
the light sources 22R, 22G, and 22B are controlled, thereby
realizing high contrast ratio.

[0308] For example, in the case where the liquid crystal
display device 200 displays green, light of the light source
22G is emitted from the backlight 20, and the green sub-pixel
G of the liquid crystal panel 10A transmits the light. Herein
the grayscale levels (r, g, b) of the input video signal are (0,
255, 0) in the 255 grayscale notation.

[0309] FIG.30(a) shows an emission spectrum of the back-
light 20. Herein the relative intensities (st, sg, sb) of the light
sources 22R, 22G, and 22B are (0, 1, 0), the light source 22G
is turned on, and the emission spectrum has the peak wave-
length of about 520 nm.

[0310] FIG. 30(b) shows a transmission spectrum of the
liquid crystal panel 10A. Herein the grayscale levels (pg, P,
Pss Pw) of the liquid crystal panel 10A are (0, 255, 0, 0), and
light having the wavelengths of 480 nm to 580 nm are mainly
transmitted through the green sub-pixel G.

[0311] FIG. 30(c)shows an emission spectrum of the liquid
crystal display device 200 in the case where the light of the
spectrum shown in FIG. 30(a) is emitted from the backlight
20 and the light of the spectrum shown in FIG. 30() is
transmitted in the liquid crystal panel 10A. As described
above, the intensity of light emitted from the green sub-pixel
G is mainly expressed by the product of the intensity of light
of the light source 22G in the backlight 20 and the transmit-
tance of the green sub-pixel G. The emission spectrum also
has the peak wavelength of about 520 nm.

[0312] As described above, in the case where the grayscale
levels (r, g, b) of the input video signal are (0, 255, 0), the light
sources 22R and 22B of the backlight 20 are turned off, and
the light source 22G is turned on. The relative intensities (br,
bg, bb) of the backlight 20 are (0, 1, 0). Table 15 shows the
relative intensities (br, bg, bb) of the backlight 20.

TABLE 15
Embodiment 3 br bg bb
Relative intensity of Backlight 0 1 0

[0313] The grayscale levels (pg, Pg» P> Pw) of the liquid
crystal panel 10A are (0, 255, 0, 0) in the 255 grayscale
notation. Table 16 shows the grayscale levels of the liquid
crystal panel 10A.

TABLE 16
Red Green Blue White
sub- sub- sub- sub-
Embodiment 3 pixel pixel pixel pixel
Grayscale level of 0 255 0 0

Liquid crystal panel

[0314] Thus, in the liquid crystal display device 200, the
grayscale levels (pg, Po» Pss Pw) of the red, green, blue, and
white sub-pixels R, G, B, and W in the liquid crystal panel
10A are (0,255, 0, 0), the relative intensities (br, bg, bb) of the
backlight 20 are (0, 1, 0), and the normalized luminance of the
liquid crystal display device 200 is 0.293. The luminance
ratio of the green sub-pixel shown in Table 14 is 29.6%
(0.296), and the luminance ratio is higher than the normalized
luminance when green is displayed on the liquid crystal dis-
play device 200. The luminance ratio of the green sub-pixel G
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is a value obtained by turning on not only the light source 22G
but also the light sources 22R and 22B. On the other hand, the
normalized luminance is a value obtained by turning on the
light source 22G only and turning off the light sources 22R
and 22B.

[0315] The control of the liquid crystal panel 10A and the
backlight 20 is performed in the following way, for example.
Hereinafter, with reference to FIG. 31, the liquid crystal dis-
play device 200 will be described. The liquid crystal display
device 200 is provided with a control circuit 30 that controls
the liquid crystal panel 10A and the backlight 20. The control
circuit 30 generates a light source driving signal and a panel
driving signal based on the input video signal.

[0316] The backlight 20 is driven based on the light source
driving signal generated in the control circuit 30. The light
source driving signal indicates the relative intensities sr, sg,
and sb of the light sources 22R, 22G, and 22B in the backlight
20. By the light source driving signal, the light sources 22R,
22@G, and 22B emit light with the relative intensities sr, sg, and
sb. In this case, light of the relative intensities br, bg, and bb is
emitted from the backlight 20.

[0317] The liquid crystal panel 10A is driven based on the
panel driving signal generated in the control circuit 30. The
panel driving signal indicates the grayscale levels pg, P, Pss
and py, of the liquid crystal panel 10A. The grayscale levels
Pr> Pas P> and py-correspond to the applied voltages of the
liquid crystal layers LCyr, LCs, LCg, and LC;, of the red,
green, blue, and white sub-pixels R, G, B, and W in the liquid
crystal panel 10A. Specifically, based on the panel driving
signal, voltages corresponding to the grayscale levels p, ps,
ps, and py are applied across the liquid crystal layers LCp,
LC, LCy, and LC,,, thereby changing the transmittances of
the liquid crystal layers LCy, LCg, LCy, and LCy. In this way
in the liquid crystal display device 200, the relative intensities
br, bg, and bb of the backlight 20 are changed, and addition-
ally, the transmittances of the liquid crystal layers LCy, LC,
LCg, and LC, of the red, green, blue, and white sub-pixels R,
G, B, and W are changed. Accordingly, the color display pixel
P can display various colors.

[0318] FIG. 32 shows a specific configuration of the control
circuit 30. The control circuit 30 includes an active drive
processing portion 32, a multi-primary color converting por-
tion 34, a panel driving circuit 36, and a backlight driving
circuit 38.

[0319] The active drive processing portion 32 generates a
light source signal indicating the relative intensities st, sg, and
sb, and a liquid crystal data signal indicating the grayscale
levels pr, pg, and pb based on the input video signal indicating
the grayscale levels r, g, and b.

[0320] The multi-primary color converting portion 34 gen-
erates a panel signal from the liquid crystal data signal. The
above-described liquid crystal panel 10A performs display by
using four primary colors, so that a panel signal indicating
grayscale levels of four primary colors is generated. Specifi-
cally, the multi-primary color converting portion 34 converts
the grayscale levels pr, pg, and pb of the liquid crystal data
signal into red, green, blue, and white grayscale levels p,, p,
ps, and p, of the panel signal. Herein the color phase of color
represented by the grayscale levels pr, pg, and pb before the
conversion is substantially the same as the color phase of
color represented by the grayscale levels p,, p,, ps, and p,
after the conversion. Thereafter the multi-primary color con-
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verting portion 34 generates a panel signal indicating the
grayscale levels p,, p;, ps, and p, as the grayscale levels pg,
Pe: Ps: and py-

[0321] The panel driving circuit 36 generates a panel driv-
ing signal based on the panel signal, thereby driving the liquid
crystal panel 10A. Across the liquid crystal layers LCy, LC,
LCj, and LC;, of the liquid crystal panel 10A, voltages cor-
responding to the grayscale levels pg, ps, Ps, and py- are
applied, and the red, green, blue, and white sub-pixels R, G,
B, and W of the liquid crystal panel 10A exhibit transmit-
tances corresponding to the grayscale levels pg, ps, pg, and
Pw- The backlight driving circuit 38 generates a PB, light
source driving signal based on the light source signal. The
light sources 22R, 22G, and 22B of the backlight 20 are driven
by the light source driving signal.

[0322] The luminance level r of the input video signal is
expressed by the product of the relative intensity br of the
backlight 20 and the transmittance level pr of the liquid crys-
tal data signal. In the case where the luminance level r of the
input video signal is a median value, a plurality of combina-
tions of the relative intensity br and the transmittance level br
are considered. If the transmittance level pr of the liquid
crystal data signal has the maximum value, the relative inten-
sity br can be lowered. As a result, the power consumption of
the light source 22R can be reduced. Similarly, in the case
where the luminance levels g and b of the input video signal
are median values, if the transmittance levels pg and pb in the
liquid crystal data signal have the maximum value, the rela-
tive intensities bg and bb can be lowered. As a result, the
power consumption of the light sources 22G and 22B can be
reduced.

[0323] In the liquid crystal display device 200, it is pre-
ferred that the grayscale levels pg, P, Pg» Py OF the liquid
crystal panel 10A and the relative intensities br, bg, and bb of
the backlight 20 may be set in the following way based on the
grayscale levels r, g, and b of the input video signal.

[0324] For example, in the case where the grayscale level r
of the input video signal is higher than the minimum value,
the relative intensity br of the backlight 20 is made to be
higher than the minimum value, and the grayscale level p; of
the liquid crystal panel 10A is made to have the maximum
value. Accordingly, the power consumption can be reduced.
In the case where the grayscale level r is the minimum value,
the relative intensity br of the backlight 20 is made to have the
minimum value, and the grayscale level p; of the liquid crys-
tal panel 10A is made to have the minimum value. Accord-
ingly, the power consumption can be reduced, and the con-
trast ratio can be improved.

[0325] Inaddition, in the case where the grayscale level g of
the input video signal is higher than the minimum value, the
relative intensity bg of the backlight 20 is made to be higher
than the minimum value, and the grayscale level p of the
liquid crystal panel 10A is made to have the maximum value.
In the case where the grayscale level g is the minimum value,
the relative intensity bg of the backlight 20 is made to have the
minimum value, and the grayscale level p, of the liquid
crystal panel 10A is made to have the minimum value. Simi-
larly, in the case where the grayscale level b of the input video
signal is higher than the minimum value, the relative intensity
bb of the backlight 20 is made to be higher than the minimum
value, and the grayscale level p; of the liquid crystal panel
10A is made to have the maximum value. In the case where
the grayscale level b is the minimum value, the relative inten-
sity bb of the backlight 20 is made to have the minimum value,
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and the grayscale level p of the liquid crystal panel 10A is
made to have the minimum value.

[0326] Inthe case where all of the grayscale levels r, g, and
b of the input video signal are higher than the minimum value,
as is understood from the above description, all of the relative
intensities br, bg, and bb of the backlight 20 are higher than
the minimum value, and the grayscale level p;; of the liquid
crystal panel 10A is made to have the maximum value.
Accordingly, the power consumption can be reduced. In the
case where at least one of the grayscale levels r, g, and b of the
input video signal has the minimum value, as is understood
from the above description, at least one of the relative inten-
sities br, bg, and bg of the backlight 20 is made to have the
minimum value, and the grayscale level p,, of the liquid
crystal panel 10A is made to have the minimum value.
Accordingly, the power consumption can be reduced, and the
contrast ratio can be improved.

[0327] Thus, inthe case where any of the grayscale levels r,
g, and b of the input video signal has the minimum value, the
corresponding one of the relative intensities br, bg, and bb of
the backlight 20 also has the minimum value, and the corre-
sponding one of the light sources 22R, 22G, and 22B is turned
off. In addition, in the case where the grayscale levelsr, g, and
b of the input video signal are higher than the minimum value,
the relative intensities br, bg, and bb of the backlight 20 are
also higher than the minimum value, so that the light sources
22R, 22G, and 22B are turned on. In the case where any of the
grayscale levels r, g, and b of the input video signal has the
minimum value, the corresponding one of the grayscale levels
Pr> Pas Ps» and py-of the liquid crystal panel 10A is made to
have the minimum value. In the case where the grayscale
levels r, g, and b of the input video signal are higher than the
minimum value, the grayscale levels px, P, Py, and py.of the
liquid crystal panel 10A have the maximum value.

[0328] In the liquid crystal display device 200, the magni-
tude correlation among the relative intensities br, bg, and bb
of the backlight 20 is set to be the same as the magnitude
correlation among the luminance levels r, g, and b of the input
video signal. For example, the relative intensities br, bg, and
bb of the backlight 20 are substantially equal to the luminance
levels r, g, and b of the input video signal, respectively. The
grayscale levels pg, P, P5» and py-of the liquid crystal panel
10 are set depending on the condition whether the grayscale
levels r, g, and b of the input video signal are the minimum
value, or not. In the case where the grayscale levelsr, g, and b
are the minimum value, the grayscale levels pg, pg, and pz
exhibit the minimum value. In the case where the grayscale
levels r, g, and b are higher than the minimum value, the
grayscale levels pg, pg, and pz exhibit the maximum value. In
another case where at least one of the grayscale levels r, g, and
b is the minimum value, the grayscale level py,- exhibits the
minimum value. In the case where all of the grayscale levels
1, g, and b are higher than the minimum value, the grayscale
level py;, exhibits the maximum value. For example, in the
case where the grayscale levels (r, g, b) of the input video
signal are (128, 128, 128), i.e. in the case where the normal-
ized luminance is 0.216 in the input video signal, the gray-
scale levels (px, Pg, P> D) are (255, 255, 255, 255), and the
relative intensities (br, bg, bb) of the backlight 20 are (0.216,
0.216, 0.216).

[0329] Herein FIG. 32 is referred to again. As described
above, the active drive processing portion 32 generates a light
source signal based on the input video signal. The light source
signal indicates the relative intensities sr, sg, and sb of the
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light sources 22R, 22G, and 22B. The backlight driving cir-
cuit 38 generates a light source driving signal based on the
light source signal. The light sources 22R, 22G, and 22B of
the backlight 20 are driven by the light source driving signal.
At this time, the light sources 22R, 22G, and 22B emit light
with the relative intensities sr, sg, and sb, and the relative
intensities of the backlight 20 are br, bg, and bb. In the case
where any of the grayscale levels r, g, and b of the input video
signal is the minimum value, the corresponding light sources
22R, 22G, and 22B are turned off, and the corresponding
relative intensities br, bg, and bb of the backlight 20 have the
minimum value. In the case where the grayscale levels r, g,
and b of the input video signal are higher than the minimum
value, the light sources 22R, 22G, and 22B are turned on, and
the relative intensities br, bg, and bb of the backlight 20
exhibit values higher than the minimum value, respectively.
[0330] For example, the magnitude correlation among the
relative intensities br, bg, and bb of the backlight 20 is equal
to the magnitude correlation among the luminance levels r, g,
and b of the input video signal. Specifically, in the case where
the luminance levels r, g, and b of the input video signal
satisty the relationship of r>g>b, the relative intensities br, bg,
and bb of the backlight 20 satisfy the relationship of
br>bg>bb. In the case where the luminance levels r, g, and b
of'the input video signal satisfy the relationship of r<g<b, the
relative intensities br, bg, and bb satisfy the relationship of
br<bg<bb.

[0331] The liquid crystal data signal indicates red, green,
and blue grayscale levels pr, pg, and pb. The grayscale levels
pr, pg, and pb of the liquid crystal data signal are set, for
example, based on the grayscale levels r, g, and b and the
relative intensities br, bg, and bb. The grayscale levelsr, g, and
b of the input video signal are higher then the minimum value,
respectively, the grayscale levels pr, pg, and pb of the liquid
crystal data signal exhibit the maximum value. Alternatively,
in the case where any of the grayscale levels r, g, and b of the
input video signal is the minimum value, the corresponding
grayscale levels pr, pg, and pb exhibit the minimum value.
[0332] The multi-primary color converting portion 34 gen-
erates a panel signal from the liquid crystal data signal. The
multi-primary color converting portion 34 converts the gray-
scale levels pr, pg, and pb of the liquid crystal data signal to
red, green, blue, and white grayscale levels p,, p,, ps, and p,,
and generates a panel signal indicating the grayscale levels p,,
P2 P, and p, as the grayscale levels pg, pg, P, and py-
[0333] The panel driving circuit 36 generates a panel driv-
ing signal based on the panel signal, thereby driving the liquid
crystal panel 10A. Across the liquid crystal layers LCy, LC;,
LCg, and LCy in the liquid crystal panel 10, voltages corre-
sponding to the grayscale levels pg, pg, Pz and py, are
applied.

[0334] Intheabove description, the grayscale levels pg, pgs
Pz and py; of the liquid crystal panel 10A are set in accor-
dance with the grayscale levels r, g, and b of the input video
signal. However, the present invention is not limited to this.
The relative intensities br, bg, and bb of the backlight 20 are
set in accordance with the grayscale levels r, g, and b of the
input video signal, so that the grayscale levels pg, ps, g, and
pw of the liquid crystal panel 10A may be set to have the
maximum value irrespective of the grayscale levels r, g, and b
of the input video signal. It is understood that the grayscale
levels pg, P, P5, and p-ofthe liquid crystal panel 10 A are set
in accordance with the grayscale levels r, g, and b of the input
video signal, so that high contrast can easily be realized.



US 2013/0113847 Al

[0335] Next, with reference to FIG. 33, the relative trans-
mittance of the liquid crystal panel 10A and relative intensity
ofthe backlight 20 in the liquid crystal display device 200 will
bedescribed. FIG. 33 shows luminance levels r, g, and b of the
input video signal, relative intensities br, bg, and bb of the
backlight 20, transmittance levels pr, pg, and pb of the liquid
crystal data signal, and relative transmittances pg, pg, Ps, and
py-ofthe liquid crystal panel 10A in the liquid crystal display
device 200.

[0336] Herein the input video signal indicates green. For
example, the grayscale levels (the luminance levels) r, g, and
b of the input video signal satisfy the relationship of g>r=b=0,
the luminance levels (1, g, b) are (0, 0.216, 0), and the gray-
scale levels (r, g, b) are (0, 128, 0).

[0337] The relative intensities br, bg, and bb of the back-
light 20 are set based on the luminance levels r, g, and b of the
input video signal. As described above, the magnitude corre-
lation among the relative intensities br, bg, and bb of the
backlight 20 is equal to the magnitude correlation among the
luminance levels r, g, and b of the input video signal, and the
relative intensities br, bg, and bb satisfy the relationship of
bg>br=bb=0. For example, the relative intensities (br, bg, bb)
are (0, 0.216, 0).

[0338] The transmittance levels pr, pg, and pb of the liquid
crystal data signal are set based on the luminance levels r, g,
and b of the input video signal. As described above, inthe case
where the luminance levels r, g, and b of the input video signal
satisfy the relationship of g>r=b=0, the grayscale level pg
corresponding to the luminance level g has the maximum
value, and the grayscale levels pr and pb corresponding to the
luminance levels r and b have the minimum value. For
example, in the case where the luminance levels (r, g, b) of the
input video signal are (0, 0.216, 0), the transmittance levels
(pr, pg, pb) of the liquid crystal data signal are (0, 1, 0), and the
grayscale levels (pr, pg, pb) are represented by (0, 255, 0) in
the 255 grayscale notation. As described above, the lumi-
nance level r is expressed by the product of the relative inten-
sity br and the transmittance level pr. Similarly, the luminance
level g is expressed by the product of the relative intensity bg
and the transmittance level pg. In addition, the luminance
level b is expressed by the product of the relative intensity bb
and the transmittance level pb.

[0339] Thetransmittance levels pr, pg, and pb are converted
to relative transmittances pg, Pgs Pz, and py- by the multi-
primary color conversion. In this case, the relative transmit-
tances (Pg, P> P> Pw) Of the liquid crystal panel 10A are (0,
1, 0, 0), and the grayscale levels (pg, P> P> Pw) are repre-
sented by (0, 255, 0, 0) in the 255 grayscale notation. Thus,
the relative intensities br, bg, and bb of the backlight 20 are
substantially equal to the luminance levels r, g, and b of the
input video signal. A transmittance level of the transmittance
levels pr, pg, and pb corresponding to a luminance level of the
luminance levelsr, g, and b of the input video signal which has
the minimum value has the minimum value. A transmittance
level of the transmittance levels pr, pg, and pb corresponding
to a luminance level of the luminance levels r, g, and b which
is higher than the minimum value has the maximum value.
Accordingly, the power consumption of the backlight 20 can
be reduced, and the contrast ratio can be increased.

[0340] Hereinafter the advantages of the liquid crystal dis-
play device 200 in this embodiment will be described as
compared with the liquid crystal display device 700 in the
comparative example 1 and a liquid crystal display device 900
in a comparative example 3.
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[0341] Herein with reference to FIG. 34, the liquid crystal
display device 900 in the comparative example 3 will be
described. FIG. 34(a) shows a schematic diagram of the lig-
uid crystal display device 900 in the comparative example 3.
The liquid crystal display device 900 includes a liquid crystal
panel 910 and a backlight 920.

[0342] FIG. 34(b) shows a schematic diagram of the liquid
crystal panel 910. Similarly to the liquid crystal panel 10A, in
the liquid crystal panel 910, a pixel P has a red sub-pixel R, a
green sub-pixel G, a blue sub-pixel B, and a white sub-pixel
W. The liquid crystal panel 910 performs display with four
primary colors. The size and the resolution of the liquid
crystal panel 910 are substantially the same as those of the
liquid crystal panel 710. The size of the pixel P of the liquid
crystal display device 900 is the same as that of the pixel P of
the liquid crystal display device 700.

[0343] The backlight 920 emits light of constant intensity
in the driving of the liquid crystal display device 900. In the
case where the liquid crystal display device 900 displays
white, liquid crystal layers L.Cy, LC, LCy, and LCy exhibit
the maximum transmittances, respectively. In the case where
the liquid crystal display device 900 displays black, the liquid
crystal layers LCy, LC, LCy, and LC;, exhibit the minimum
transmittances, respectively. Thus, in the liquid crystal dis-
play device 900, depending on the change of color indicated
in the input video signal, the transmittances of the liquid
crystal layers LCy, LC 4, LCy, and LCy, of the liquid crystal
panel 910 are changed, and the luminance of each sub-pixel is
changed, thereby representing various colors.

[0344] The control of the liquid crystal panel 910 and the
backlight 920 is performed in the following manner. FIG.
34(c) shows the liquid crystal display device 900 provided
with a control circuit 930. The control circuit 930 includes a
multi-primary color converting portion 934, a panel driving
circuit 936, and a backlight driving circuit 938. The multi-
primary color converting portion 934 converts the grayscale
levels r, g, and b of the input video signal to grayscale levels
Prs P> P> and py-ofapanel signal. In general, the color phase
of color represented by the grayscale levels r, g, and b of the
input video signal is substantially the same as the color phase
of color represented by the grayscale levels p,, pg, Pg. and p -
of'the panel signal. In the driving of the liquid crystal display
device 900, the backlight driving circuit 938 drives the back-
light 920 so as to emit light of constant intensity from the
backlight 920.

[0345] Table 17 shows the luminance ratios of the red sub-
pixel R, the green sub-pixel G, the blue sub-pixel B, and the
yellow sub-pixel W in the liquid crystal display device 900 in
the comparative example 3.

TABLE 17

Luminance ratio

11.8%
29.6%
9.6%
49.0%
100%

fxwow

[0346] FIG. 35 shows luminance levels r, g, and b of the
input video signal, relative intensities br, bg, and bb of the
backlight 920, transmittance levels pr, pg, and pb of the liquid
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crystal data signal, and relative transmittances pg, pg, Ps, and
py-of the liquid crystal panel 910 in the liquid crystal display
device 900.

[0347] Herein the input video signal also indicates green.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of g>r=b=0, the lumi-
nance levels (1, g, b) of the input video signal are (0, 0.216, 0),
and the grayscale levels (1, g, b) are (0, 128, 0) in the 255
grayscale notation. In the liquid crystal display device 900,
the backlight 920 emits light of constant intensity irrespective
of the color indicated in the input video signal. Herein the
relative intensities (br, bg, bb) are indicated as (1, 1, 1).
[0348] In the liquid crystal display device 900, the trans-
mittance levels (the grayscale levels) pr, pg, and pb of the
liquid crystal data signal are equal to the luminance levels (the
grayscale levels) r, g, and b of the input video signal. Accord-
ingly, as described above, in the case where the luminance
levels r, g, and b of the input video signal satisfy the relation-
ship of g>r=b=0, the transmittance levels pr, pg, and pb of the
liquid crystal data signal also satisfy the relationship of
pg>pr=pb=0. Specifically, in the case where the luminance
levels (r, g, b) of the input video signal are (0, 0.216, 0), the
transmittance levels (pr, pg, pb) of the liquid crystal data
signal are (0,0.216, 0), and the grayscale levels (pr, pg, pb) are
(0, 128, 0) in the 255 grayscale notation.

[0349] In the liquid crystal display device 900, multi-pri-
mary color conversion is performed. The relative transmit-
tances (Pg, Pgs Px» Py Of the liquid crystal panel 910 are (0,
0.216, 0, 0), and the grayscale levels (pg, Pgs Pss Pw) are
represented by (0, 128, 0, 0) in the 255 grayscale notation.
[0350] As is understood from the comparison FIG. 33, and
FIG. 10 and FIG. 35, in the liquid crystal display devices 700
and 900, the light of constant intensity emitted from the
backlight 720 and 920 is modulated in the liquid crystal
panels 710 and 910. On the contrary, in the liquid crystal
display device 200, the light modulation is performed in the
backlight 20, and the liquid crystal panel 10A makes the
relative transmittance of the sub-pixel related to the light from
the backlight 20 to be the maximum value, and makes the
relative transmittance of the sub-pixel not related to the light
from the backlight 20 to be the minimum value. Thus, in the
liquid crystal display devices 700 and 900, light of constant
intensity is emitted from the backlight 720 and 920. On the
contrary, in the liquid crystal display device 200, the light
sources 22R and 22B are turned off in accordance with the
input video signal, and additionally the intensity of the light
source 22G can be lowered. Accordingly, the power con-
sumption of the backlight 20 can be reduced.

[0351] In the above description, the color indicated in the
input video signal is green. Even if the color indicated in the
input video signal is an arbitrary color, the power consump-
tion can be reduced and the contrast ratio can be increased for
the same reasons.

[0352] In some cases, in the liquid crystal display device
900 in the comparative example 3, a color of high brightness
cannot be displayed. The case where the input video signal
indicates orange, and more specifically, the case where the
luminance levels (r, g, b) of the input video signal are (1,
0.216, 0), and the grayscale levels (r, g, b) are (255, 128, 0)
will be described.

[0353] First, in the liquid crystal display device 700 in the
comparative example 1, as is described with reference to FIG.
13, the grayscale levels (r, g, b) of the red, green, and blue
sub-pixels are (255, 128, 0). In such a case, the normalized
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intensity is 0.368 (=0.246x(255/255)*2+0.566x(128/255)*
2+0.188x(0/255)*2) (see Table 6).

[0354] Next, with reference to FIG. 36, the liquid crystal
display device 900 in the comparative example 3 will be
described. FIG. 36 shows luminance levels r, g, and b of the
input video signal, relative intensities br, bg, and bb of the
backlight 920, transmittance levels pr, pg, and pb of the liquid
crystal data signal, and relative transmittances pg, pg, P5, and
py-of the liquid crystal panel 910 in the liquid crystal display
device 900.

[0355] In the liquid crystal display device 900, the back-
light 920 emits light of constant intensity irrespective of the
color indicated in the input video signal. Herein the relative
intensities (br, bg, bb) of the backlight 920 are indicated as (1,
1, D).

[0356] In the liquid crystal display device 900, the trans-
mittance levels (the grayscale levels) pr, pg, and pb of the
liquid crystal data signal are equal to the luminance levels (the
grayscale levels) r, g, and b of the input video signal, and the
transmittance levels pr, pg, and pb of the liquid crystal data
signal also satisfy the relationship of pr>pg>pb=0. Specifi-
cally, in the case where the luminance levels (r, g, b) of the
input video signal are (1, 0.216, 0), the transmittance levels
(pr, pg, pb) of the liquid crystal data signal are (1, 0.216, 0).
[0357] In the liquid crystal display device 900, multi-pri-
mary color conversion is performed. The relative transmit-
tances (Pg, P Pss Pw) Of the liquid crystal panel 910 are (1,
0.216, 0, 0), and the grayscale levels (pg, Pg, Pg, Pw) are
represented by (255, 128, 0, 0) in the 255 grayscale notation.
The normalized luminance in the liquid crystal display device
900 is 0.182 (=0.118x(255/255)*2+0.296x(128/255)*2+0.
096x(0/255)>2+0.490x(0/255)>?). Table 18 shows the gray-
scale levels of respective sub-pixels and the normalized lumi-
nance in the liquid crystal panel 910 of the liquid crystal
display device 900. Table 18 also shows the values of the
liquid crystal display device 700 in the comparative example
1 for reference.

TABLE 18

Normalized
luminance

Grayscale level in 255 128 0 — 0.368
Comparative example 1
Grayscale level in 255 128 0 0 0.182

Comparative example 3

[0358] Thus, the normalized luminance of the liquid crystal
display device 900 in the comparative example 3 is low, so
that orange of high brightness cannot be displayed. It is con-
sidered that this is because in the case where the size of the
pixel P of the liquid crystal display device 900 is the same as
that of the pixel P of the liquid crystal display device 700, the
area of the red sub-pixel R, the green sub-pixel G, and the blue
sub-pixel B in the liquid crystal panel 910 is smaller than the
area of the red sub-pixel R, the green sub-pixel GG, and the blue
sub-pixel B in the liquid crystal panel 710.

[0359] On the contrary, the liquid crystal display device
200 in this embodiment can display colors of high brightness
as compared with the liquid crystal display device 900 in the
comparative example 3.

[0360] Hereinafter with reference to FIG. 37, the relative
transmittance of the liquid crystal panel 10A and the relative
intensity of the backlight 20 in the liquid crystal display
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device 200 will be described. FIG. 37 shows luminance levels
1, g, and b of the input video signal, relative intensities br, bg,
and bb of the backlight 20, transmittance levels pr, pg, and pb
of the liquid crystal data signal, and relative transmittances
Prs Po» Ps» and py-of the liquid crystal panel 10A in the liquid
crystal display device 200.

[0361] Herein the input video signal also indicates orange.
Specifically, the luminance levels (r, g, b) of the input video
signal are (1, 0.216, 0), and the grayscale levels (r, g, b) are
(255, 128, 0) in the 255 grayscale notation.

[0362] The magnitude correlation among the relative inten-
sities br, bg, and bb of the backlight 20 is the same as the
magnitude correlation among the grayscale levels r, g, and b
of the input video signal. Accordingly, in the case where the
grayscale levels satisfy the relationship of r>g>b=0, the rela-
tive intensities br, bg, and bb of the backlight 20 satisfy the
relationship of br>bg>bb=0. For example, the relative inten-
sities br, bg, and bb of the backlight 20 are substantially equal
to the luminance levels r, g, and b. Accordingly, in the case
where the luminance levels (r, g, b) of the input video signal
are (1, 0.216, 0), the relative intensities (br, bg, bb) are (1,
0.216, 0). Table 19 shows the relative intensities (br, bg, bb) of
the backlight 20.

TABLE 19

Embodiment 3 br bg bb

Relative intensity of Backlight 1 0.216 0

[0363] In the liquid crystal display device 200, the trans-
mittance levels pr, pg, and pb of the liquid crystal data signal
are set based on the luminance levels r, g, and b of the input
video signal. In the case where the luminance levels r, g, and
b of the input video signal satisfy the relationship of r>g>b=0,
the grayscale levels pr and pg have the maximum value, and
the grayscale level pb has the minimum value. For example,
in the case where the luminance levels (r, g, b) of the input
video signal are (1,0.216, 0), the transmittance levels (pr, pg,
pb) of the liquid crystal data signal are (1, 1, 0), and the
grayscale levels (pr, pg, pb) are (255, 255, 0) in the 255
grayscale notation.

[0364] Thereafter, by the multi-primary color conversion,
the relative transmittances (pg, P> P5> Pw) 0f the liquid crys-
tal panel 10A are (1, 1, 0, 1), and the grayscale levels (pg, P,
Ps> Pw) are (255, 255, 0, 255) in the 255 grayscale notation.
Table 20 shows the grayscale levels of the liquid crystal panel
10A. The grayscale level of 255 of the liquid crystal panel
corresponds to the relative transmittance of 1, and the gray-
scale level of 0 of the liquid crystal panel corresponds to the
relative transmittance of 0.

TABLE 20
Red Green Blue White
sub- sub- sub- sub-
Embodiment 3 pixel pixel pixel pixel
Grayscale level of 255 255 0 255

Liquid crystal panel

[0365] In the case where the liquid crystal panel 10A and
the backlight 20 are driven in the above-described way, the
normalized luminance of the liquid crystal display device 200
is 0.371.
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[0366] Asisunderstood from the comparison between FIG.
36 and FIG. 37, in the liquid crystal display device 900, the
light of constant intensity emitted from the backlight 920 is
modulated in the liquid crystal panel 910. On the contrary, in
the liquid crystal display device 200, the light sources 22R
and 22G related to the color of orange to be displayed are
turned on, and the light source 22B which is not related to the
color of orange to be displayed is turned off. In addition, the
intensity of the light source 22G is made lower than the
maximum value. Since the backlight 20 performs such modu-
lation, the power consumption of the backlight 20 can be
reduced. In the liquid crystal display device 900, the light
emitted from the backlight 920 with constant intensity is
modulated in the liquid crystal panel 910. On the contrary, in
the liquid crystal display device 200, the light modulation is
performed in the backlight 20, and in addition, the liquid
crystal panel 10A makes the relative transmittance of the
sub-pixel related to the light from the backlight 20 to be the
maximum value, and makes the relative transmittance of the
sub-pixel not related to the light from the backlight 20 to be
the minimum value. Accordingly, the contrast ratio can be
increased.

[0367] As described above, the normalized luminance of
the liquid crystal display device 900 in the comparative
example 3 is 0.182, and the normalized luminance of the
liquid crystal display device 200 in this embodiment is 0.371.
This is because in the liquid crystal display device 200, the
grayscale levels pg, pg, and py-of the liquid crystal panel 10A
are the maximum value, and the light of the light sources 22R
and 22G which are turned on is effectively transmitted
through the liquid crystal panel 10A. Accordingly, the liquid
crystal display device 200 can display orange of high bright-
ness.

[0368] In the above description, the color indicated in the
input video signal is orange. Alternatively, the color indicated
in the input video signal may be any other color.

Embodiment 4

[0369] Hereinafter a fourth embodiment of the liquid crys-
tal display device of the present invention will be described.
FIG. 38(a) shows a schematic diagram of a liquid crystal
display device 200A in this embodiment. The liquid crystal
display device 200A includes a liquid crystal panel 10A and
a backlight 20.

[0370] FIG.38(b)showsa schematic diagram ofa pixel Pin
the liquid crystal panel 10A. Herein a pixel P also includes a
red sub-pixel R, a green sub-pixel G, a blue sub-pixel B, and
a white sub-pixel W. As described above with reference to
FIG. 1(d) and FIG. 1(e), the backlight 20 has a light source
unit 22 including light sources 22R, 22G, and 22B.

[0371] FIG. 39 shows a schematic diagram of the liquid
crystal display device 200A provided with a control circuit
30A. The circuit control 30A controls the liquid crystal panel
10A and the backlight 20 based on an input video signal. The
control circuit 30A includes an active drive processing por-
tion 32, amulti-primary color converting portion 34A, a panel
driving circuit 36, and a backlight driving circuit 38. The
control circuit 30A has the same configuration as that of the
control circuit 30 described above with reference to FIG. 32,
so that overlapping descriptions are omitted for avoiding
verbose descriptions.

[0372] The active drive processing portion 32 generates a
light source signal and a liquid crystal data signal based on the
input video signal. The light source signal indicates the rela-
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tive intensities sr, sg, and sb of the light sources 22R, 22G, and
22B. The relative intensities sr, sg, and sb of the light sources
22R, 22G, and 22B are set based on the luminance levels r, g,
and b of the input video signal. The backlight driving circuit
38 drives the light sources 22R, 22G, and 22B ofthe backlight
20 based on the light source signal. At this time, light of
relative intensities br, bg, and bb is emitted from the backlight
20.

[0373] The active drive processing portion 32 generates a
backlight signal from the light source signal. The backlight
signal indicates the relative intensities br, bg, and bb of the
backlight 20. In the active drive processing portion 32, the
relative intensities br, bg, and bb of the backlight 20 are
obtained from the relative intensities sr, sg, and sb. Thus, the
relative intensities br, bg, and bb are set in accordance with
the luminance levels r, g, and b of the input video signal. For
example, the magnitude correlation among the relative inten-
sities br, bg, and bb may be equal to the magnitude correlation
among the luminance levels r, g, and b. Alternatively, the
relative intensities br, bg, and bb may be substantially equal to
the luminance levels r, g, and b.

[0374] Alternatively, the relative intensities br, bg, and bb
may be determined in any other conditions based on the
luminance levels r, g, and b. The relative intensities br, bg, and
bb of the backlight 20 may be higher than the luminance
levels r, g, and b in accordance with the input video signal. As
described above, in the case where colors of all pixels are the
same in the input video signal, the relative intensities br, bg,
and bb of the backlight 20 may be equal to the luminance
levels r, g, and b of the input video signal. On the other hand,
in the case where pixels exhibit different colors in the input
video signal, the relative intensities br, bg, and bb of the
backlight 20 may sometimes be higher than the luminance
levels r, g, and b of the input video signal. Specifically, in the
input video signal, in the case where the red grayscale levels
of a plurality of pixels corresponding to a certain light source
unit 22 are different, the relative intensity br of the backlight
20 is set in accordance with the maximum value of the gray-
scale level r, and the relative intensity br is higher than the
grayscale levels r of the other pixels. Similarly, in the input
video signal, in the case where grayscale levels of green and
blue of a plurality of pixels corresponding to the light source
unit 22 are different, the relative intensities bg and bb of the
backlight 20 are set in accordance with the maximum value of
the grayscale levels g and b, and the relative intensities bg and
bb are higher than the grayscale levels bg and bb of the other
pixels.

[0375] Alternatively, even in the case where the colors ofall
pixels in the input video signal are the same, if the relative
intensities br, bg, and bb of the backlight 20 are made to be
equal to the luminance level r, g, and b of the input video
signal, the display characteristics such as the color shift and
viewing angle characteristics may sometimes be deteriorated.
In such a case, even if the colors in all pixels are the same in
the input video signal, the relative intensities br, bg, and bb of
the backlight 20 may be set to be higher than the luminance
level r, g, and b of the input video signal.

[0376] Thus, the relative intensities br, bg, and bb are deter-
mined based on the luminance levels r, b, and b.

[0377] The multi-primary color converting portion 34A
converts the grayscale levels pr, pg, and pb of the liquid
crystal data signal to grayscale levels p,, p,, p3, and p, of red,
green, blue, and white. As described above, the color phase
(chromaticity) of color indicated by the grayscale levels pr,
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pg, and pb before the conversion is substantially the same as
the color phase (chromaticity) of color indicated by the gray-
scale levels p;, p,, p3, and p, after the conversion.

[0378] Thereafter the multi-primary color converting por-
tion 34A generates a panel signal indicating the grayscale
levels py, P, P53, and p,, as the grayscale levels pg, pg, Pg, and
Py~ Alternatively, the multi-primary color converting portion
34A may set the grayscale levels p,, p,, and ps, as the gray-
scalelevels pg, pg, and pg, respectively, and may set p.,' which
is higher than the grayscale level p, as the grayscale level p;.

[0379] For example, the multi-primary color converting
portion 34A may set the grayscale level p,' based on the
backlight signal. As described later, as the grayscale level p,,'
is increased, the chromaticity is shifted in accordance with the
increase of normalized luminance. For this reason, it is pre-
ferred that the grayscale level p,' may be set to such an extent
that the shift of chromaticity is not too large.

[0380] For example, the multi-primary color converting
portion 34A sets the grayscale level p,' based on the relative
intensities br, bg, and bb of the backlight 20. The grayscale
level p,' may be set to be a constant value based on the relative
intensities br, bg, and bb of the backlight 20, or may be
continuously varied in accordance with the relative intensities
br, bg, and bb. Thus, the multi-primary color converting por-
tion 34A may generate a panel signal based on not only the
liquid crystal data signal but also the backlight signal. The
panel driving circuit 36 drives the liquid crystal panel 10A
based on the panel signal indicating the grayscale levels pg,
Pe: Ps and py.

[0381] Hereinafter the liquid crystal display device 200A in
the case where the input video signal indicates green will be
described. For example, the grayscale levels (r, g, b) of the
input video signal are (0, 255, 0) in the 255 grayscale nota-
tion. Herein the relative intensities br, bg, and bb are substan-
tially the same as the luminance levels r, g, and b, and the
multi-primary color converting portion 34A generates a panel
signal based on not only the liquid crystal data signal but also
the backlight signal. In this case, the relative intensities (br,

bg, bb) of the backlight 20 are (0, 1, 0).

[0382] As the result of the conversion of the grayscale
levels pr, pg, and pb by the multi-primary color converting
portion 34A, the grayscale levels (p,, p,, P3, P4) 0Of the red,
green, blue, and white sub-pixels are (0, 255, 0, 0). The
chromaticity of color indicated by the grayscale levels pr, pg,
and pb is substantially the same as the chromaticity of color
indicates by the grayscale levels p,, p,, p3, and p..

[0383] Thereafter, the multi-primary color converting por-
tion 34A sets the grayscale level p,' based on the relative
intensities br, bg, and bb of the backlight 20. Herein since the
difference between the relative intensities br and bg is large,
the multi-primary color converting portion 34 A sets the gray-
scalelevel p, whichis higher than the grayscale level p,, as the
grayscale level py. Accordingly, the grayscale levels (pg, pg,
Pz Pw) of theliquid crystal panel 10A are (0,255,0, p.,") inthe
255 grayscale notation. Herein the grayscale level p,' is
0<p,'=255, and the relative transmittance p,' is 0<p,'=1.
Thus, in the case where the input video signal indicates green,
in the liquid crystal display device 200A, the relative inten-
sities (br, bg, bb) of the backlight 20 are (0, 1, 0), and the
relative transmittances (pg, Pgs Pss Py) Of the liquid crystal
panel 10 are (0, 1, 0, p,'), and the grayscale levels (pg, P Pss
Pw) are represented as (0, 255, 0, p,') in the 255 grayscale
notation.
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[0384] Inthe liquid crystal display device 200A, in the case
where the light source 22G of the backlight 20 is turned on,
and the light sources 22R and 22B are turned off, the light
from the backlight 20 is transmitted through not only the
green sub pixel G but also the white sub-pixel W. Accord-
ingly, the normalized luminance can be efficiently increased.
[0385] Hereinafter with reference to FIG. 40, the normal-
ized luminance of the liquid crystal display device 200A will
be described.

[0386] FIG.40(a) shows an emission spectrum of the back-
light 20. Herein the relative intensities (br, bg, bb) of the
backlight 20 are (0, 1, 0), and the light source 22G is turned
on. The emission spectrum has the peak wavelength of about
520 nm.

[0387] FIG. 40(b) shows a transmission spectrum of the
liquid crystal panel 10A. Herein the grayscale levels (pg, pg,
Pzs D) of the liquid crystal panel 10A are (0, 0, 0, 255), and
the light is transmitted through the white sub-pixel W.
Accordingly, the liquid crystal panel 10A transmits light of a
full range of wavelengths.

[0388] FIG. 40(c)shows an emission spectrum of the liquid
crystal display device 200A in the case where the light of the
spectrum shown in FIG. 40(a) is emitted from the backlight
20 and the light is transmitted with the spectrum shown in
FIG. 40(5) in the liquid crystal panel 10A. Herein the gray-
scale levels (pz, P Ps» Py) 0f the liquid crystal panel 10A are
(0, 0, 0, 255) and the relative intensities (br, bg, bb) of the
backlight 20 are (0, 1, 0). In this case, the intensity of light
emitted from the white sub-pixel W is mainly expressed by
the product of the intensity of light from the light source 22G
in the backlight 20 and the transmittance of the white sub-
pixel W. The emission spectrum also has the peak wavelength
of about 520 nm.

[0389] FIG. 40(d) shows an emission spectrum of the liquid
crystal display device 200A in the case where the light of the
spectrum shown in FIG. 40(a) is emitted from the backlight
20 and the light is transmitted with the spectra shown in both
of FIG. 30(b) and FIG. 40(5) in the liquid crystal panel 10A.
Herein the grayscale levels (pg, Pg, Ps» Py Of the liquid
crystal panel 10A are (0, 255, 0, 255), and the relative inten-
sities (br, bg, bb) of the backlight 20 are (0, 1, 0). In this case,
the intensity of light emitted from the liquid crystal display
device 200A is expressed by the sum of the intensity of light
emitted from the light source 22G and transmitted through the
green sub-pixel G and the intensity of light transmitted
through the sub-pixel W. Thus, green of high brightness can
be displayed.

[0390] Herein the advantages of the liquid crystal display
device 200A in this embodiment will be described as com-
pared with the liquid crystal display devices 700 and 900 in
the comparative examples 1 and 3. First, the liquid crystal
display device 700 in the first comparative example 1 will be
described.

[0391] Herein the color indicated in the input video signal
is green, and the grayscale levels (1, g, b) are (0, 255, 0) in the
255 grayscale notation. In the liquid crystal display device
700 in the comparative example 1, the light of constant inten-
sity is emitted from the backlight 720. Herein the relative
intensities (br, bg, bb) of the backlight 720 are indicated by (1,
1, 1).

[0392] The grayscale levels (pr, pg, pb) of the red, green,
and blue sub-pixels in the liquid crystal panel 710 are equal to
the grayscale levels (r, g, b) of the input video signal and (0,
255, 0). In this case, the normalized luminance in the liquid
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crystal display device 700 is 0.566 (=0.246x(0/255)*2+0.
566x(255/255)22+0.188x(0/255)>2).

[0393] Next, the liquid crystal display device 900 in the
comparative example 3 will be described. Herein the color
indicated in the input video signal is green, and the grayscale
levels (r, g, b) are (0, 255, 0) in the 255 grayscale notation. In
the liquid crystal display device 900 in the comparative
example 3, the light of constant intensity is emitted from the
backlight 920. Herein the relative intensities (br, bg, bb) of the
backlight 920 are indicated by (1, 1, 1).

[0394] The grayscale levels (pr, pg, pb) of the liquid crystal
data signal are equal to the grayscale levels (r, g, b) of the
input video signal and (0, 255, 0). In the liquid crystal display
device 900 in the comparative example 3, multi-primary color
conversion is performed. The grayscalelevels (p, P Pg: Py
are (0,255, 0,0)in the 255 grayscale notation. In this case, the
normalized luminance in the liquid crystal display device 900
is 0.295 (=0.118x(0/255)22+0.296x(255/255)>2+0.096x(0/
255)*240.490%(0/255)*2). Table 21 shows the grayscale lev-
els of respective sub-pixels in the liquid crystal panel 910.
Table 21 also shows the values of the liquid crystal display
device 700 in the comparative example 1 for reference.

TABLE 21
Normalized
R G B w luminance
Grayscale level in 0 255 0 — 0.566
Comparative example 1
Grayscale level in 0 255 0 0 0.295

Comparative example 3

[0395] Thus, the normalized luminance of the liquid crystal
display device 900 in the comparative example 3 is low, so
that the liquid crystal display device 900 cannot display green
of high brightness.

[0396] Inthe above-described liquid crystal display device
200, in the case where the input video signal indicates green,
the light source 22G of the backlight 20 is turned on, and the
green sub-pixel G transmits the light. For example, as
described above with reference to FIG. 30, in the case where
the grayscale levels (r, g, b) of the input video signal are (0,
255, 0), the relative intensities (br, bg, bb) of the backlight 20
are (0, 1, 0), the relative transmittances (pg, Pgs Pg> Py) 0f the
liquid crystal panel 10A are (0, 1, 0, 0), and the grayscale
levels (px, P> Ps»> Pw) are represented as (0, 255, 0, 0) in the
255 grayscale notation. In this case, light of the spectrum
shown in FIG. 30(c) is emitted. However, high brightness
cannot be obtained only by the light in some cases.

[0397] On the contrary, the liquid crystal display device
200A in this embodiment can display green of high bright-
ness. Hereinafter the normalized luminance of the liquid crys-
tal display device 200A will be described. Herein the color
indicated in the input video signal is green, and the luminance
levels (r, g, b) are (0, 1, 0), and the grayscale levels (r, g, b) are
(0, 255, 0).

[0398] Herein the relative intensities br, bg, and bb of the
backlight 20 are set based on the luminance levels r, g, and b
of the input video signal. Table 22 shows the relative intensi-
ties (br, bg, bb) of the backlight 20.
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TABLE 22
Embodiment 4 br bg bb
Relative intensity of Backlight 0 1 0

[0399] Herein, as described above, the relative transmit-
tances (P, P P> Py of the liquid crystal panel 10A are (0,
1,0, p,"), and the grayscale levels (pz, pg, Pz, Py) are (0, 255,
0, p,) in the 255 grayscale notation. Table 23 shows the
transmittances of the red sub-pixel R, the green sub-pixel G,
the blue sub-pixel B, and the white sub-pixel W in the liquid
crystal panel 10A.

TABLE 23
Embodiment 4 R G B w
Grayscale level of 0 255 0 P4

Liquid crystal panel

[0400] As described above, the relative transmittance p.' is
0<p,'=1, and the grayscale level p,' is 0<p,'=255. As the
grayscale level p,' is increased, the improvement effect of the
normalized luminance is large. However, if the grayscale
level p,' is too high, the chromaticity of color displayed by the
liquid crystal display device 200A may sometimes be largely
shifted. In addition, if the grayscale level p,' is low, the shift of
chromaticity is suppressed, but the improvement effect of the
normalized luminance is also reduced. For example, in the
case where the grayscale level p,' is 234, the normalized
luminance of the liquid crystal display device 200A is 0.566
which is equal to that in the liquid crystal display device 700
in the comparative example 1. The grayscale level of 234
corresponds to the relative transmittance 0.828.

[0401] FIG. 41 shows luminance levels r, g, and b of the
input video signal, relative intensities br, bg, and bb of the
backlight 20, transmittance levels pr, pg, and pb of the liquid
crystal data signal, and relative transmittances pz, P, P, and
pyof the liquid crystal panel 10A in the liquid crystal display
device 200A. Herein the input video signal also indicates
green. For example, the luminance levels r, g, and b of the
input video signal satisty the relationship of g>r=b=0, the
luminance levels (r, g, b) of the input video signal are (0, 1, 0),
and the grayscale levels (1, g, b) are (0, 255, 0).

[0402] The relative intensities br, bg, and bb of the back-
light 20 are set based on the luminance levels r, g, and b of the
input video signal. In the case where the luminance levelsr, g,
and b satisfy the relationship of g>r=b=0, the relative inten-
sities br, bg, and bb of the backlight 20 satisfy the relationship
of bg>br=bb=0. Specifically, the luminance levels (r, g, b) of
the input video signal are (0, 1, 0), the relative intensities (br,
bg, bb) are (0, 1, 0).

[0403] The transmittance levels pr, pg, and pb of the liquid
crystal data signal are set based on the luminance levels r, g,
and b of the input video signal. As described above, in the case
where the luminance levels r, g, and b of the input video signal
satisfy the relationship of g>r=b=0, the grayscale level pg
corresponding to the luminance level g has the maximum
value, and the grayscale levels pr and pb corresponding to the
luminance levels r and b have the minimum value. For
example, in the case where the luminance levels (r, g, b) of the
input video signal are (0, 1, 0), the transmittance levels (pr, pg,
pb) of the liquid crystal data signal are (0, 1, 0), and the
grayscale levels (pr, pg, pb) are represented as (0, 255, 0) in
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the 255 grayscale notation. In this case, by the multi-primary
color conversion, the relative transmittances (P, P> Ps> Pw)
of the liquid crystal panel 10A are (0, 1, 0, 0.828), and the
grayscale levels (pz, P, P5» D) are represented as (0, 255, 0,
234) in the 255 grayscale notation.

[0404] In the above description, the color indicated in the
input video signal is green. However, the present invention is
not limited to this. The color indicated in the input video
signal may be red. For example, also in the case where the
grayscale levels of the input video signal satisfy the relation-
ship of r>g=b=0, the relative intensity br of the backlight 20
is made to be higher than the minimum value and not only the
grayscale level pj but also the grayscale level py-in the liquid
crystal panel 10A are made to be higher than the minimum
value. Accordingly, red of high brightness can be displayed.
Alternatively, the color indicated in the input video signal
may be blue. For example, also in the case where the gray-
scale levels of the input video signal satisfy the relationship of
b>r=g=0, the relative intensity bb of the backlight 20 is made
to be higher than the minimum value, and not only the gray-
scale level py but also the grayscale level py in the liquid
crystal panel 10A are made to be higher than the minimum
value. Accordingly, blue of high brightness can be displayed.
[0405] Inthe above description, the setting of the grayscale
level p,' is performed in the case where two of the relative
intensities br, bg, and bb are the minimum value and the
remaining one is higher than the minimum value. However,
the present invention is not limited to this. Alternatively, in the
case where at least two of the relative intensities br, bg, and bb
are higher than the minimum value, the setting of the gray-
scale level p,' may be performed.

[0406] In the above description, the relative intensities br,
bg, and bb of the backlight 20 are substantially equal to the
luminance levels r, g, and b of the input video signal. How-
ever, the present invention is not limited to this.

[0407] Hereinafter the liquid crystal display device 200A
will be described with reference to FIG. 42. FIG. 42 shows
luminance levels r, g, and b of the input video signal, relative
intensities br, bg, and bb of the backlight 20, transmittance
levels pr, pg, and pb of the liquid crystal data signal, and
relative transmittances pg, pg, P, and p-of the liquid crystal
panel 10A in the liquid crystal display device 200A.

[0408] Herein the input video signal also indicates green.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of g>r=b=0, the lumi-
nance levels (r, g, b) of the input video signal are (0, 1, 0), and
the grayscale levels (r, g, b) are (0, 255, 0).

[0409] The relative intensities br, bg, and bb of the back-
light 20 are set based on the luminance levels r, g, and b. In the
case where the luminance levels r, g, and b satisfy the rela-
tionship of g>r=b=0, the relative intensities br, bg, and bb of
the backlight 20 satisfy the relationships of bg=br=0 and
bg=bb=0. For example, in the case where the luminance
levels (r, g, b) of the input video signal are (0, 1,0), the relative
intensity bg, is 1, the relative intensity bris 0=br=1, and the
relative intensity bb is 0=bb=1.

[0410] The transmittance levels pr, pg, and pb of the liquid
crystal data signal are set based on the luminance levels r, g,
and b ofthe input video signal. As described above, in the case
where the luminance levels r, g, and b of the input video signal
satisfy the relationship of g>r=b=0, the grayscale level pg
corresponding to the luminance level g has the maximum
value, and the grayscale levels pr and pb corresponding to the
luminance levels r and b have the minimum value. For
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example, in the case where the luminance levels (r, g, b) of the
input video signal are (0, 1, 0), the transmittance levels (pr, pg,
pb) of the liquid crystal data signal are (0, 1, 0), and the
grayscale levels (pr, pg, pb) are represented by (0, 255, 0) in
the 255 grayscale notation.

[0411] Next, multi-primary color conversion is performed.
Herein the relative transmittances (pg, Pg» Pg» Py of the
liquid crystal panel 10A are (0, 1, 0, 0.828), and the grayscale
levels (P, P> Ps» D) are represented as (0, 255, 0, 234) in the
255 grayscale notation. Herein similarly to the description
with reference to FIG. 42, the relative transmittances (pz, P
Ps Py are (0, 1, 0, 0.828). However since the relative inten-
sities br and bb of the backlight 20 are higher than the mini-
mum value, the relative transmittance p,;, may be lower than
0.828. As described above, in the case where the input video
signal indicates green, not only the relative intensity bg but
also the relative intensities br and/or bb of the backlight 20
may be higher than the minimum value.

[0412] In the above description, the color indicated in the
input video signal is green. However, the present invention is
not limited to this. The color indicated in the input video
signal may be red. In this case, even when the grayscale levels
of the input video signal satisfy the relationship of r>g=b=0,
not only the relative intensity br but also the relative intensi-
ties bg and/or bb of the backlight 20 may be higher than the
minimum value, and the grayscale levels p, and py, of the
liquid crystal panel 10A may be higher than the minimum
value. Alternatively, the color indicated in the input video
signal may be blue. In this case, the grayscale levels of the
input video signal satisfy the relationship of b>r=g=0, not
only the relative intensity bb but also the relative intensities br
and/or bg of the backlight 20 may be higher than the mini-
mum value, and the grayscale levels p and p,,. of the liquid
crystal panel 10A may be higher than the minimum value.
[0413] Thus, in the case where the color indicated in the
input video signal is green, not only the relative intensity bg
but also the relative intensities br and/or bb of the backlight 20
may be higher than the minimum value.

[0414] Hereinafter with reference to FIG. 43, the variations
of chromaticity and normalized luminance in accordance
with the change of the relative intensities br and bb of the
backlight 20 in the liquid crystal display device 200A will be
described. Herein the input video signal also indicates green.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of g>r=b=0, the lumi-
nance levels (r, g, b) of the input video signal are (0, 1, 0), and
the grayscale levels (r, g, b) are (0, 255, 0).

[0415] FIG. 43(a) shows the variation of chromaticity. In
FIG. 43(a), the axis of abscissa indicates chromaticity x and
the axis of ordinate indicates chromaticity y. FIG. 43(b)
shows the variation of normalized luminance. In FIG. 43(5),
the axis of abscissa indicates the relative intensities br and bb
of the backlight 20 (br=bb), and the axis of ordinate indicates
the normalized luminance. Herein the grayscale levels (pg,
Pes Pgs Py of the liquid crystal panel 10A are (0, 255, 0, 0),
and the relative intensity bg of the backlight 20 is 1.

[0416] As shown in FIG. 43(a), when the relative intensi-
ties br and bb are 1, the chromaticity x and the chromaticity y
are substantially the same as those when the relative intensi-
ties br and bb are 0. In the liquid crystal panel 10A, the green
sub-pixel G transmits light, and the other sub-pixels block out
light, so that even if the relative intensities br and bb of the
backlight 20 are increased, the light emitted from the liquid
crystal panel 10A is hardly affected. The emission spectra of
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the light sources 22R and 22B slightly overlap the transmis-
sion spectrum of the green sub-pixel G, and the intensity of
light on the longer wavelength side and the shorter wave-
length side of the light emitted from the liquid crystal panel
10A is slightly increased due to the increase of the relative
intensities br and bb of the backlight 20. Thus, strictly speak-
ing, as the relative intensities br and bb are increased, the
chromaticity x and the chromaticity y are both slightly
shifted.

[0417] As shown in FIG. 43(b), the normalized luminance
when the relative intensities br and bb are 1 is substantially the
same as that when the relative intensities br and bb are 0. As
described above, in the liquid crystal panel 10A, the green
sub-pixel G transmits light, and the other sub-pixels block out
light, so that even if the relative intensities br and bb of the
backlight 20 are increased, the light emitted from the liquid
crystal panel 10A is hardly affected.

[0418] As described above, in the case where not only the
green sub-pixel G but also the white sub-pixel W transmit
light in the liquid crystal panel 10A, the chromaticity x, the
chromaticity y, and the normalized luminance are varied
respectively in accordance with the increase of the relative
intensities br and bb.

[0419] Withreference to FIG. 44, the variations of chroma-
ticity and normalized luminance in accordance with the
change of the relative intensity br of the backlight 20 in the
liquid crystal display device 100A will be described. FIG.
44(a) shows the variation of chromaticity, and FIG. 44(5)
shows the variation of normalized luminance. For reference,
FIG. 44(d) also shows the normalized luminance when the
grayscale level p . is zero.

[0420] Herein the input video signal also indicates green.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of g>r=b=0, the lumi-
nance levels (1, g, b) of the input video signal are (0, 1, 0), and
the grayscale levels (r, g, b) are (0, 255, 0). Herein the gray-
scalelevels (pg, Pgs P> Pwr) 0f the liquid crystal panel 10A are
(0,255,0,71), and the relative intensity bg of the backlight 20
is 1.

[0421] As shown in FIG. 44(a), by increasing the relative
intensities br and bb of the backlight 20, the chromaticity x
and the chromaticity y are relatively largely shifted. This is
because not only the green sub-pixel G transmits light in the
liquid crystal panel 10A but also the white sub-pixel W trans-
mits light to some extent, so that the intensity of light on the
longer wavelength side and the shorter wavelength side of the
light emitted from the liquid crystal panel 10A is increased
due to the increase of the relative intensities br and bb.
[0422] As shown in FIG. 44(b), the normalized luminance
when the grayscale level py, is 71 is slightly larger than the
normalized luminance when the grayscale level p-is 0. This
is because not only the green sub-pixel G but also the white
sub-pixel W transmit light in the liquid crystal panel 10A, as
described above. The grayscale level p;;-in the liquid crystal
panel 10A is relatively low, so that the influence on the nor-
malized luminance is relatively small.

[0423] Next, with reference to FIG. 45, the variations of
chromaticity and normalized luminance in accordance with
the change ofthe relative intensities br and bb of the backlight
in the liquid crystal display device 200A will be described.
FIG. 45(a) shows the variation of chromaticity, and FIG.
45(b) shows the variation of normalized luminance. For ref-
erence, FIG. 45(b) also shows the normalized luminance
when the grayscale level py;is zero.
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[0424] Herein the input video signal also indicates green.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of g>r=b=0, the lumi-
nance levels (r, g, b) of the input video signal are (0, 1, 0), and
the grayscale levels (r, g, b) are (0, 255, 0). Herein the gray-
scale levels (g, Ps Pg» Py) 0f the liquid crystal panel 10A are
(0, 255, 0, 234), and the relative intensity bg of the backlight
201is 1.

[0425] As shown in FIG. 45(a), due to the increase of the
relative intensities br and bb of the backlight 20, the chroma-
ticity x and the chromaticity y are further largely shifted. This
is because not only the green sub-pixel G but also the white
sub-pixel W transmit light in the liquid crystal panel 10A, so
that the intensity of light on the longer wavelength side and
the shorter wavelength side of the light emitted from the
liquid crystal panel 10A is largely increased due to the
increase of the relative intensities br and bb.

[0426] As shown in FIG. 45(5), the normalized luminance
when the relative intensities br and bb are 1 is larger than the
normalized luminance when the relative intensities br and bb
are 0. This is because the grayscale level p,, in the liquid
crystal panel 10A is relatively high, so that the influence on
the normalized luminance is large in accordance with the
increase of the relative intensities br and bb. In addition, the
normalized luminance when the grayscale level py-is 234 is
larger than the normalized luminance when the grayscale
level py;-is 71.

[0427] Asisunderstood from the comparison between FIG.
44 and FIG. 45, in the case where the grayscale level py; is
small, the variation of chromaticity is relatively small, but the
improvement effect of the normalized luminance is relatively
small. On the contrary, in the case where the grayscale level
Py 18 large, the improvement effect of the normalized lumi-
nance is relatively large, and the variation of chromaticity is
also relatively large.

[0428] In the above description, irrespective of the varia-
tion of the relative intensities br and bb of the backlight 20, the
grayscale level p;-in the liquid crystal panel 10A is constant.
However the present invention is not limited to this. The
grayscale level p ;. in the liquid crystal panel 10A (in addition,
the grayscale levels px and p, as necessary) may be varied in
accordance with the change of the relative intensities br and
bb of the backlight 20.

[0429] With reference to FIG. 46, the variations of chroma-
ticity and normalized luminance in accordance with the
change of the relative intensities br and bb of the backlight in
the liquid crystal display device 200 A will be described. FIG.
46(a) shows the variation of chromaticity, and FIG. 46()
shows the variation of normalized luminance. For reference,
FIG. 45(b) also shows the normalized luminance when the
grayscale level py-is 0, 71, and 234.

[0430] Herein the input video signal also indicates green.
For example, the luminance levels r, g, and b of the input
video signal satisfy the relationship of g>r=b=0, the lumi-
nance levels (r, g, b) of the input video signal are (0, 1, 0), and
the grayscale levels (r, g, b) are (0, 255, 0). Herein the gray-
scale levels pg, pg, and pg, of the liquid crystal panel 10A are
0, 255, 0, respectively, and the grayscale level py;-is not less
than 71 and not more than 234. The relative intensity bg of the
backlight 20 is 1.

[0431] Herein in the case where the relative intensities br
and bb are 0, the grayscale level p ;-of the liquid crystal panel
10A is 234, and the grayscale level py;, is reduced in accor-
dance with the increase of the relative intensities brand bb. In
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the case where the relative intensities br and bb are 1, the
grayscale level py- of the liquid crystal panel 10A is 71.
[0432] Asshown in FIG. 46(a), the chromaticity is slightly
shifted due to the increase of the relative intensities br and bb
of the backlight 20, but the shift amount is relatively small.
Herein the grayscale level p,.is decreased in accordance with
the increase of the relative intensities br and bb, so that the
shift of chromaticity can be reduced.

[0433] As shown in FIG. 46(4), in the case where the rela-
tive intensities br and bb are 0, the improvement effect of the
normalized luminance is large. On the contrary, as the relative
intensities br and bb are increased, the improvement effect of
the normalized luminance is reduced. Thus, in accordance
with the increase of the relative intensities br and bb, the
grayscale level py;, is reduced, thereby realizing the improve-
ment of normalized luminance and the suppression of chro-
maticity shift.

[0434] Inthe above description, in the case where the inten-
sities of light emitted from the light sources 22R, 22G, and
22B of each light source unit 22 are equal to each other, light
of constant intensity is emitted from the backlight 20 to
respective pixels P of the liquid crystal panels 10 and 10A.
However, the present invention is not limited to this. Even in
the case where the intensities of light emitted from the light
sources 22R, 22G, and 22B of each light source unit 22 are
equal to each other, the intensity of light emitted from the
backlight 20 may be different depending on the pixels P of the
liquid crystal panels 10 and 10A. For example, even if the
intensities of light emitted from the light sources 22R, 22G,
and 22B of each light source unit 22 are constant, in the case
where the intensity of light in the center of the light irradiation
area of the light source unit 22 is different from the intensity
of light in an outer circumferential portion of the light irra-
diation area of the light source unit 22 in the backlight 20, the
voltages applied across the liquid crystal layers LCg, LCq,
LCj, LCyand LCy of the pixel P corresponding to the center
of'the light irradiation area may be different from the voltages
applied across the liquid crystal layers LC,, LC, LC5, LC
and LCj; of the pixel P corresponding to the outer circumfer-
ential portion of the light irradiation area in the liquid crystal
panel 10.

[0435] Inthe above description, the light source units 22 are
provided in a matrix having a plurality of rows and a plurality
of'columns in the backlight 20. However the present invention
is not limited to this. Alternatively, two light source units 22
may be arranged in the horizontal direction, or in the vertical
direction. Alternatively, a single light source unit 22 may be
provided in the backlight 20.

[0436] In the above description, the liquid crystal panel is
of'anormally black type. However the present invention is not
limited to this. The liquid crystal panel may be of a normally
white type. In such a case, if the applied voltage is low, the
transmittances of the red sub-pixel R, the green sub-pixel G,
the blue sub-pixel B, the yellow sub-pixel Ye, and the white
sub-pixel W are increased. If the applied voltage is high, the
transmittances of the red sub-pixel R, the green sub-pixel G,
the blue sub-pixel B, the yellow sub-pixel Ye, and the white
sub-pixel W are lowered.

[0437] In the above description, a pixel P in the liquid
crystal panel 10 includes a red sub-pixel R, a green sub-pixel
G, a blue sub-pixel B, and a yellow sub-pixel Ye, and a pixel
P in the liquid crystal panel 10A includes a red sub-pixel R, a
green sub-pixel G, a blue sub-pixel B, and a white sub-pixel
W. However the present invention is not limited to this.
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Instead of the yellow sub-pixel Ye or the white sub-pixel W,
the pixel P may include a cyan sub-pixel C or a magenta
sub-pixel M.

[0438] Inthe above description, in the liquid crystal panels
10 and 10A, a pixel P includes four sub-pixels. However the
present invention is not limited to this. The pixel P may
include five or more sub-pixels. For example, a pixel P may
include a red sub-pixel R, a green sub-pixel G, a blue sub-
pixel B, a yellow sub-pixel Ye, and a cyan sub-pixel C.
[0439] In the liquid crystal panels 10 and 10A, at least one
of the back substrate 16a and the front substrate 165 may
include an alignment film. Herein the alignment film is a
vertical alignment film, and liquid crystal molecules are pro-
cessed so as to have a pre-tilt angle less than 90 degrees
(typically about 85 degrees or more). The pre-tilt angle is an
angle formed by a main surface of the alignment film and a
long axis of the liquid crystal molecule. By the alignment
film, the pre-tilt direction of liquid crystal molecules is
defined.

[0440] As a method for forming such an alignment film, a
method for performing a rubbing process, a method for per-
forming a photo-alignment process, a method in which a
minute structure is previously formed as undercoating of the
alignment film, and the minute structure is reflected on the
surface of the alignment film, a method in which an inorganic
substance such as SiO is obliquely deposited, so as to form an
alignment film having a minute structure on its surface are
known. From the point of view of the mass productivity, the
rubbing process or the photo-alignment process may be pref-
erable. Especially in the photo-alignment process, the align-
ment process is performed in a noncontact manner, so that
static electricity due to friction is not generated unlike the
rubbing process, thereby improving the yield. In addition, as
disclosed in International Publication No. WO 2006/121220,
by using a photo-alignment film including a photosensitive
radical, the variation of pre-tilt angles can be controlled to be
1 degree or less. As the photosensitive radical, it is preferred
to include at least one of photosensitive radicals selected from
a group of the 4-chalcone radical, the 4'-chalcone radical, the
coumarin radical, and the cinnamoyl radical.

[0441] Theliquid crystal panels 10 and 10A may be a panel
of so-called MVA (Multi-domain Vertical Alignment) mode.
In the liquid crystal panels 10 and 10A of MVA mode, linear
slits formed on the electrode or linear dielectric projections
(ribs) formed on the electrode on the side of the liquid crystal
layer are arranged, on a pair of substrates which are opposed
with the liquid crystal layer interposed therebetween, in par-
allel and alternately when viewed from the normal direction
ofthe substrate, thereby regulating the orientation of directors
of liquid crystal domains formed when a voltage is applied.
The orientation of liquid crystal domains is a direction
orthogonal to the direction in which the linear slits or dielec-
tric projections (hereinafter they are collective referred to as
“linear structures”) extend. In the MVA mode, scanning lines
may be disposed so as to overlap the boundary of different
liquid crystal domains.

[0442] Theliquid crystal panels 10 and 10A may be a panel
of PSA mode. The Polymer Sustained, Alignment Technol-
ogy (hereinafter referred to as “PSA technology”) is dis-
closed, for example, in Japanese Laid-open Patent publica-
tion No. 2002-357830, Japanese Laid-open Patent
Publication No. 2003-177418, Japanese Laid-open Patent
Publication No. 2006-78968, and K. Hanaoka et al. “A New
MVA-LCD by Polymer Sustained Alignment Technology”,
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SID 04 DIGEST 1200-1203 (2004). The entire contents of
these four documents are incorporated by reference in this
specification.

[0443] The PSA technology is a technology in which a
small amount of polymerizable compound (e.g. photopoly-
merizable monomer or oligomer) is mixed into a liquid crys-
tal material, and then after a liquid crystal panel is assembled,
the polymerizable compound is irradiated with activation
energy rays (e.g. ultraviolet rays) in the condition where a
predetermined voltage is applied across the liquid crystal
layer, so that the polymer is generated, thereby controlling the
pre-tilt angle of liquid crystal molecules. The alignment con-
dition of liquid crystal molecules when the polymer is gen-
erated is maintained (memorized) after the voltage is
removed (in a condition where any voltage is not applied).
Herein the layer formed by the polymer is referred to as an
alignment maintaining layer. The alignment maintaining
layer is formed on the surface of the alignment film (on the
side of the liquid crystal layer). However, the alignment main-
taining layer does not necessarily have the shape for covering
the surface of the alignment film, or the alignment maintain-
ing layer may be polymer particles which discretely exist.
[0444] The liquid crystal panels 10 and 10A in the PSA
mode can be obtained by applying the above-described PSA
technology, for example. Although not shown in the figure, in
the case where the PSA technology is applied, each electrode
(the pixel electrode) 124 may include a cross-shaped stem
portion disposed so as to overlap a polarizing axis of a pair of
polarizing plates and a plurality of branch portions extending
in the substantially 45-degree direction from the cross-shaped
stem portion. Specifically, the branch portions extend in the
directions of 45 degrees, 135 degrees, 225 degrees, and 315
degrees from the stem portion. Liquid crystal molecules in the
liquid crystal layer of the vertical alignment type (the dielec-
tric anisotropy is negative) are tilted in directions in which the
respective branch portions extend by means of the oblique
electric fields from the stem portion and the branch portions.
This is because the oblique electric field from the branch
portions extending in parallel to each other acts on the liquid
crystal molecules so as to be tilted in the direction perpen-
dicular to the direction in which the branch portions extend,
and the oblique electric field from the stem portion acts on the
liquid crystal molecules so as to be tilted in the directions in
which the respective branch portions extend. If the PSA tech-
nology is utilized, the orientation of the liquid crystal mol-
ecules formed when a voltage is applied across the liquid
crystal layer can be stabilized. Even in the PSA mode, the
scanning line may be disposed so as to overlap the boundary
between different liquid crystal domains.

[0445] Alternatively, the liquid crystal panels 10 and 10A
may be a panel of CPA mode. For example, the pixel electrode
124 has a shape with high symmetry, and liquid crystal mol-
ecules in each liquid crystal domain may be oriented in an
axis symmetric manner (in a radially tilted manner) by the
voltage application across the liquid crystal layer LC.
[0446] The liquid crystal panels 10 and 10A may have a
plurality of regions which can exhibit different luminance.
Especially in the case where each sub-pixel performs display
ofintermediate grayscales, different regions in each sub-pixel
exhibit different luminance, so that the viewing angle depen-
dency of the gamma characteristics can be improved.

[0447] In the above-described liquid crystal panels 10 and
10A, the voltage is applied across the liquid crystal layer LC
by means of the electrodes 12a and 1254 provided in the back
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substrate 16a and the front substrate 165, respectively. How-
ever, the present invention is not limited to this. Alternatively,
in the liquid crystal panels 10 and 10A, the voltage may be
applied in a horizontal direction parallel to the in-plane of the
liquid crystal layer. For example, the liquid crystal panels 10
and 10A may be a panel of IPS (In Plane Switching) mode.

INDUSTRIAL APPLICABILITY

[0448] The liquid crystal display device of the present
invention can perform display of wide color reproduction
range with low power consumption.

REFERENCE SIGNS LIST
[0449] 10, 10A Liquid crystal panel
[0450] 20 Backlight
[0451] 22 Light source unit
[0452] 22R Red light source
[0453] 22G Green light source
[0454] 22B Blue light source
[0455] 30, 30A Control circuit
[0456] 100, 100A, 200, 200A Liquid crystal display
device

1. A liquid crystal display device comprising:

a liquid crystal panel having a plurality of pixels; and

a backlight having at least one light source unit that emits

light to the liquid crystal panel, wherein

each of the plurality of pixels has four or more sub-pixels,

and

the light source unit includes a red light source, a green

light source, and a blue light source.

2. The liquid crystal display device of claim 1, wherein the
red light source, the green light source, and the blue light
source are a red light emitting diode, a green light emitting
diode, and a blue light emitting diode, respectively.

3. The liquid crystal display device of claim 1, further
comprising a control circuit that controls the liquid crystal
panel and the backlight based on an input video signal.

4. The liquid crystal display device of claim 3, wherein the
control circuit includes:

an active drive processing portion that generates a light

source signal and aliquid crystal data signal based on the
input video signal;

a multi primary color converting portion that generates a

panel signal from the liquid crystal data signal;

a panel driving circuit that drives the liquid crystal panel

based on the panel signal; and

a backlight driving circuit that drives the backlight based

on the light source signal.

5. The liquid crystal display device of claim 4, wherein the
active drive processing portion generates a backlight signal
from the light source signal, and the multi primary color
converting portion generates the panel signal based on the
backlight signal and the liquid crystal data signal.

6. The liquid crystal display device of claim 3, wherein
relative intensities of the red light source, the green light
source, and the blue light source of the light source unit are
varied depending on a color of a pixel indicated in the input
video signal.

7. The liquid crystal display device of claim 3, wherein
among the red light source, the green light source, and the
blue light source of the light source unit, a light source cor-
responding to grayscale levels of red, green, and blue having
the minimum value of the input video signal is turned off, and
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a light source corresponding to grayscale levels of red, green,
and blue having a value higher than the minimum value of the
input video signal is turned on.

8. The liquid crystal display device of claim 3, wherein in
the case where the input video signal indicates yellow, the red
light source and the green light source are turned on, and the
blue light source is turned off.

9. The liquid crystal display device of claim 3, wherein the
magnitude correlation among respective relative intensities
of the red light source, the green light source, and the blue
light source is the same as that among red, green, and blue
grayscale levels indicated in the input video signal.

10. The liquid crystal display device of claim 3, wherein in
the case where the red, green, and blue grayscale levels indi-
cated in the input video signal are higher than the minimum
value, respectively, respective relative transmittances of the
four or more sub-pixels in the liquid crystal panel exhibit the
maximum value.

11. The liquid crystal display device of claim 3, wherein in
the case where the input video signal indicates orange or
yellowish green, the blue light source is turned off.

12. The liquid crystal display device of claim 3, wherein in
the case where the input video signal indicates orange or
yellowish green, respective relative intensities of the red light
source and the green light source are higher than a relative
intensity of the blue light source.

13. The liquid crystal display device of claim 3, wherein in
the case where the input video signal indicates green, a rela-
tive intensity of the green light source is higher than a relative
intensity of the red light source and a relative intensity of the
blue light source.

14. The liquid crystal display device of claim 3, wherein
the four or more sub-pixels include a red sub-pixel, a green
sub-pixel, a blue sub-pixel, and a yellow sub-pixel.

15. The liquid crystal display device of claim 14, wherein
in the case where the input video signal indicates yellow,
relative transmittances of the red sub-pixel, the green sub-
pixel, and the yellow sub-pixel in the liquid crystal panel
exhibit the maximum value.

16. The liquid crystal display device of claim 14, wherein
in the case where the input video signal indicates green, the
green light source is turned on, and relative transmittances of
the green sub-pixel and the yellow sub-pixel are higher than
relative transmittances of the red sub-pixel and the blue sub-
pixel in the liquid crystal panel.

17. The liquid crystal display device of claim 14, wherein
in the case where the input video signal indicates green, the
red light source and the green light source are turned on, and
relative transmittances of the green sub-pixel and the yellow
sub-pixel are higher than relative transmittances of the red
sub-pixel and the blue sub-pixel in the liquid crystal panel.

18. The liquid crystal display device of claim 14, wherein

in the case where the red light source is turned on, a relative

transmittance of the red sub-pixel in the liquid crystal
panel exhibits the maximum value,

in the case where the green light source is turned on, a

relative transmittance of the green sub-pixel in the liquid
crystal panel exhibits the maximum value, and

in the case where the blue light source is turned on, a

relative transmittance of the blue sub-pixel in the liquid
crystal panel exhibits the maximum valuve.

19. The liquid crystal display device of claim 14, wherein

in the case where the red light source is turned on and the

green light source is turned off, relative transmittances
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of the red sub-pixel and the yellow sub-pixel are higher
than the minimum value, and

in the case where the green light source is turned on and the
red light source is turned off, relative transmittances of
the green sub-pixel and the yellow sub-pixel are higher
than the minimum value.

20. The liquid crystal display device of claim 14, wherein

the four or more sub-pixels further include a cyan sub-pixel.
21-29. (canceled)
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