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Description

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal display device, and more particularly to a multiprimary liquid
crystal display device which performs multicolor display by using four primary colors.

BACKGROUND ART

[0002] Currently, liquid crystal display devices are used in a variety of applications. In commonly-used liquid crystal
display devices, each pixel is composed of three subpixels for displaying three primaries of light, i.e., red, green and
blue, whereby multicolor display is achieved.
[0003] However, conventional liquid crystal display devices have a problem in that they can only display colors in a
narrow range (referred to as a "color gamut"). Therefore, in order to broaden the color gamut of a liquid crystal display
device, there has been proposed a technique which increases the number of primary colors to be used for displaying.
[0004] For example, WO 2007/148519 A discloses a liquid crystal display device each of whose pixel is composed of
four subpixels, i.e., a red subpixel for displaying red, a green subpixel for displaying green, and a blue subpixel for
displaying blue, as well as a yellow subpixel for displaying yellow. This liquid crystal display device performs multicolor
display by mixing the four primary colors of red, green, blue, and yellow, which are displayed by the four subpixels.
[0005] By performing display by using four or more primary colors, the color gamut can be made broader than in the
case of conventional liquid crystal display devices use three primaries for displaying. In the present specification, liquid
crystal display devices which perform display by using four or more primary colors will be referred to as "multiprimary
liquid crystal display devices", and liquid crystal display devices which perform display by using three primaries will be
referred to as "three-primary liquid crystal display devices".
[0006] Wen et al., "Design of relative primary luminances for four-primary displays" in Displays, Volume 26, Issues
4-5, Pages 143-214 (October 2005) presents methods designing the relative primary luminances of four-primary displays.
A four-primary LED display is taken as an example for showing the methods. The maximum display luminance and color
gamut are, respectively, taken as an additional requirement for determining the relative primary luminances of the display.
The requirement of the maximum display luminance is taken for a set of available primary luminances. The gamut volume
in CIELAB color space is defined for maximizing the display gamut. In practice, the design of the relative primary
luminances may be a compromised result of the two additional requirements.
Baek-Woon Lee et al., "40.5L: Late-News Paper: TFT-LCD with RGBW Color System", in SID Symposium Digest of
Technical Papers, Volume 34, Issue 1, pages 1212-1215, May 2003 discusses a TFT-LCD with four-color subpixels:
red, green, blue and white. The addition of the white subpixel greatly enhanced the light efficiency up by 50%. The RGB-
to-RGBW mapping algorithm suggested by Baek-Woon Lee et al. is designed so that the hue and saturation remains
unchanged from the original color. The result is a very bright display with color characteristic almost identical to RGB LCDs.

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0007] Multiprimary liquid crystal display devices pertain to a recently-proposed technique, and no technique of white
point adjustment therefor has been established yet. White point adjustment means a gamma adjustment, which is applied
independently to each primary color, for ensuring that a chromaticity point when displaying an achromatic color of an
intermediate gray level (i.e., gray) matches the chromaticity point of an achromatic color of the highest grayscale level(i.e.,
white). Generally speaking, an achromatic color of the highest grayscale level is displayed by allowing all subpixels
composing one pixel to be lit at the highest grayscale level (i.e., at the same grayscale level). However, when displaying
an achromatic color of an intermediate gray level, even if all subpixels are lit at the same grayscale level that is the
grayscale level of the achromatic color which is to be displayed, the chromaticity point of an achromatic color which is
actually displayed by that pixel may often deviate from the chromaticity point of the achromatic color of the highest
grayscale level. White point adjustment is applied in order to reduce such deviation.
[0008] As a technique of white point adjustment for a three-primary liquid crystal display device, JP 2005/328386 A
discloses a method which, while fixing the grayscale level of green, which has the highest luminance among the three
primaries (i.e., predominant in luminance), changes (increases or decreases) the grayscale levels of the other two colors
of red and blue, thus to ensure that the
chromaticity point of an achromatic color at each grayscale level matches the target, i.e., the chromaticity point of an
achromatic color of the highest grayscale level.
[0009] However, in multiprimary liquid crystal display devices, there is an increased number of primary colors that are
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used for displaying (i.e., an increased freedom in applying white point adjustment), and therefore the white point adjust-
ment technique for three-primary liquid crystal display devices is not straightforwardly applicable.
[0010] The present invention has been made in view of the aforementioned problems, and an objective thereof is to
provide a white point adjustment technique which is suitably used for a multiprimary liquid crystal display device that
performs multicolor display by using four primary colors.

SOLUTION TO PROBLEM

[0011] A liquid crystal display device according to the present invention is a liquid crystal display device defined in the
attached set of claims 1 to 7.
[0012] In a preferred embodiment, the at least some gray levels are intermediate gray levels of 60% or more among
all gray levels.
[0013] In a preferred embodiment, the at least some gray levels do not include any intermediate gray levels corre-
sponding to a normalized luminance of 0.2 or less.
[0014] In a preferred embodiment, the first subpixel group further includes the red subpixel; and the second subpixel
group further includes the green subpixel.
[0015] In a preferred embodiment, when the achromatic colors of the at least some gray levels are to be displayed by
the pixel, the display signal supplied from the driving circuit to the blue subpixel is a display signal of a lower grayscale
level than the grayscale level of the display signals supplied to the yellow subpixel and the red subpixel, and the display
signal supplied from the driving circuit to the green subpixel is a display signal of a higher grayscale level than the
grayscale level of the display signals supplied to the yellow subpixel and the red subpixel.
[0016] In a preferred embodiment, the first subpixel group further includes the green subpixel; and the second subpixel
group further includes the red subpixel.
[0017] In a preferred embodiment, when the achromatic colors of the at least some gray levels are to be displayed by
the pixel, the display signal supplied from the driving circuit to the blue subpixel is a display signal of a lower grayscale
level than the grayscale level of the display signals supplied to the yellow subpixel and the green subpixel, and the
display signal supplied from the driving circuit to the red subpixel is a display signal of a higher grayscale level than the
grayscale level of the display signals supplied to the yellow subpixel and the green subpixel.
[0018] In a preferred embodiment, with respect to an achromatic color of a given intermediate gray level among the
at least some gray levels being displayed by the pixel, xy chromaticity coordinates of an achromatic color displayed by
the pixel when assuming that display signals of the same grayscale level as the given intermediate gray level are supplied
to all of the plurality of subpixels is defined as a reference chromaticity point; xy chromaticity coordinates of an achromatic
color of a highest grayscale level displayed by the pixel is defined as a target chromaticity point; and a locus of the
reference chromaticity point on an xy chromaticity diagram when the grayscale level of the display signal supplied to
the blue subpixel is increased or decreased is defined as a B axis; when the target chromaticity point is located above
the B axis on the xy chromaticity diagram, the first subpixel group further includes the red subpixel, the second subpixel
group further includes the green subpixel, the display signal supplied from the driving circuit to the blue subpixel is a
display signal of a lower grayscale level than the grayscale level of the display signals supplied to the yellow subpixel
and the red subpixel, and the display signal supplied from the driving circuit to the green subpixel is a display signal of
a higher grayscale level than the grayscale level of the display signals supplied to the yellow subpixel and the red
subpixel; and when the target chromaticity point is located below the B axis on the xy chromaticity diagram, the first
subpixel group further includes the green subpixel, the second subpixel group further includes the red subpixel, the
display signal supplied from the driving circuit to the blue subpixel is a display signal of a lower grayscale level than the
grayscale level of the display signals supplied to the yellow subpixel and the green subpixel, and the display signal
supplied from the driving circuit to the red subpixel is a display signal of a higher grayscale level than the grayscale level
of the display signals supplied to the yellow subpixel and the green subpixel.
[0019] In a preferred embodiment, the display signals supplied from the driving circuit to the first subpixel group are
display signals of the same grayscale level as the grayscale level of an achromatic color displayed by the pixel.
[0020] In a preferred embodiment, the liquid crystal display panel includes a plurality of scanning lines and a plurality
of signal lines; and the driving circuit includes a gate driver electrically connected to the plurality of scanning lines, a
source driver electrically connected to the plurality of signal lines, and a timing controller that supplies predetermined
signals to the gate driver and the source driver.
[0021] In a preferred embodiment, the timing controller includes a signal conversion circuit that converts an image
signal corresponding to three primary colors into a multiprimary signal corresponding to four primary colors.
[0022] In a preferred embodiment, the timing controller further includes a test circuit to conduct a white point adjustment.
[0023] A signal conversion circuit according to the present invention is a signal conversion circuit for use in a liquid
crystal display device for converting an image signal corresponding to three primary colors into a multiprimary signal
corresponding to four primary colors, the liquid crystal display device having a pixel which is defined by a red subpixel,
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a green subpixel, a blue subpixel, and a yellow subpixel, wherein, the signal conversion circuit converts the image signal
so that, when achromatic colors of at least some gray levels among all gray levels are to be displayed by the pixel, a
first subpixel group composed of two subpixels among the red subpixel, the green subpixel, the blue subpixel, and the
yellow subpixel perform display at a same grayscale level, and that a second subpixel group composed of other two
subpixels perform display at a different grayscale level from that of the first subpixel group; the first subpixel group
includes the yellow subpixel; and the second subpixel group includes the blue subpixel.

ADVANTAGEOUS EFFECTS OF INVENTION

[0024] According to the present invention, a white point adjustment technique which is suitably used for a multiprimary
liquid crystal display device that performs multicolor display by using four primary colors is provided.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

[FIG. 1] A block diagram schematically showing a liquid crystal display device 100 according to a preferred embod-
iment of the present invention.
[FIG. 2] A diagram showing an exemplary pixel construction of the liquid crystal display device 100.
[FIG. 3] A diagram showing an exemplary pixel construction of the liquid crystal display device 100.
[FIG. 4] A block diagram schematically showing the liquid crystal display device 100 according to a preferred em-
bodiment of the present invention.
[FIG. 5] An xy chromaticity diagram showing examples of chromaticity points of achromatic colors from grayscale
level 120 to grayscale level 255 (highest grayscale level) of the liquid crystal display device 100.
[FIG. 6] A graph schematically showing directions in which a chromaticity point may change when the grayscale
levels of a red subpixel R, a green subpixel G, a blue subpixel B, and a yellow subpixel Ye are each increased or
decreased, where the origin is defined at a chromaticity point of an achromatic color.
[FIG. 7] A diagram showing examples of white point adjustment in the case where a target chromaticity point is
located on the G+ side of the B axis.
[FIG. 8] A diagram showing examples of white point adjustment in the case where a target chromaticity point is
located on the G- side of the B axis.
[FIG. 9] An xy chromaticity diagram showing a chromaticity point prior to white point adjustment (a chromaticity point
of an achromatic color of grayscale level 120) and a target chromaticity point (a chromaticity point of an achromatic
color of grayscale level 255) in a three-primary liquid crystal display device.
[FIG. 10] An xy chromaticity diagram showing a chromaticity point prior to white point adjustment (a chromaticity
point of an achromatic color of grayscale level 120) and a target chromaticity point (a chromaticity point of an
achromatic color of grayscale level 255) in the liquid crystal display device 100.
[FIG. 11] A graph showing a relationship, in the liquid crystal display device 100, between an input grayscale level
(R=G=B) and a normalized output luminance of an achromatic color which is displayed by a pixel, in a state prior
to white point adjustment.
[FIG. 12] A graph showing a relationship, in the liquid crystal display device 100 in a state prior to white point
adjustment, between an input grayscale level (R=G=B) and chromaticities x and y of an achromatic color which is
displayed by a pixel.
[FIG. 13] A graph showing a relationship, in the liquid crystal display device 100 after a white point adjustment is
applied by changing the grayscale levels for red and blue, between a grayscale level of an achromatic color serving
as a reference and chromaticities x and y of an achromatic color which is displayed by a pixel.
[FIG. 14] A graph showing a relationship, in the liquid crystal display device 100, between a grayscale level of an
achromatic color serving as a reference and amounts of change in the grayscale levels for red and blue.
[FIG. 15] A graph showing a relationship, in the liquid crystal display device 100 before and after a white point
adjustment is applied by changing the grayscale levels for red and blue, between a grayscale level of an achromatic
color serving as a reference and a normalized output luminance of an achromatic color which is displayed by a pixel.
[FIG. 16] A graph showing a relationship, in the liquid crystal display device 100 after a white point adjustment is
applied by changing the grayscale levels for green and blue, between a grayscale level of an achromatic color
serving as a reference and chromaticities x and y of an achromatic color which is displayed by a pixel.
[FIG. 17] A graph showing a relationship, in the liquid crystal display device 100, between a grayscale level of an
achromatic color serving as a reference and amounts of change in the grayscale levels for green and blue.
[FIG. 18] A graph showing a relationship, in the liquid crystal display device 100 before and after a white point
adjustment is applied by changing the grayscale levels for green and blue, between a grayscale level of an achromatic
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color serving as a reference and a normalized output luminance of an achromatic color which is displayed by a pixel.
[FIG. 19] An xy chromaticity diagram showing a chromaticity point prior to white point adjustment (a chromaticity
point of an achromatic color of grayscale level 120) and a target chromaticity point (a chromaticity point of an
achromatic color of grayscale level 255) in the liquid crystal display device 100.
[FIG. 20] A graph showing a relationship, in the liquid crystal display device 100 after a white point adjustment is
applied by changing the grayscale levels for green and blue, between a grayscale level of an achromatic color
serving as a reference and chromaticities x and y of an achromatic color which is displayed by a pixel.
[FIG. 21] A graph showing a relationship, in the liquid crystal display device 100, between a grayscale level of an
achromatic color serving as a reference and amounts of change in the grayscale levels for green and blue.
[FIG. 22] A graph showing a relationship, in the liquid crystal display device 100 before and after a white point
adjustment is applied by changing the grayscale levels for green and blue, between a grayscale level of an achromatic
color serving as a reference and a normalized output luminance of an achromatic color which is displayed by a pixel.
[FIG. 23] A graph showing a relationship, in the liquid crystal display device 100 after a white point adjustment is
applied by changing the grayscale levels for red and blue, between a grayscale level of an achromatic color serving
as a reference and chromaticities x and y of an achromatic color which is displayed by a pixel.
[FIG. 24] A graph showing a relationship, in the liquid crystal display device 100, between a grayscale level of an
achromatic color serving as a reference and amounts of change in the grayscale levels for red and blue.
[FIG. 25] A graph showing a relationship, in the liquid crystal display device 100 before and after a white point
adjustment is applied by changing the grayscale levels for red and blue, between a grayscale level of an achromatic
color serving as a reference and a normalized output luminance of an achromatic color which is displayed by a pixel.
[FIG. 26] A block diagram showing a specific exemplary construction of a timing controller 30 included in a driving
circuit 20 of the liquid crystal display device 100.
[FIG. 27] A block diagram showing a specific exemplary construction of a test circuit 32 included in the timing
controller 30.

DESCRIPTION OF EMBODIMENTS

[0026] Hereinafter, embodiments of the present invention will be described with reference to the drawings. Note that
the present invention is not limited to the following embodiments.
[0027] FIG. 1 shows a liquid crystal display device 100 according to the present embodiment. As shown in FIG. 1, the
liquid crystal display device 100 is a multiprimary liquid crystal display device which includes a liquid crystal display
panel 10 and a driving circuit 20, and which performs multicolor display by using four primary colors.
[0028] The liquid crystal display panel 10 includes a plurality of pixels arranged in a matrix array. Each pixel is defined
by a plurality of subpixels. FIG. 2 shows an exemplary pixel construction of the liquid crystal display panel 10. In the
example shown in FIG. 2, the plurality of subpixels defining one pixel are a red subpixel R to display red, a green subpixel
G to display green, a blue subpixel B to display blue, and a yellow subpixel Ye to display yellow.
[0029] Although FIG. 2 illustrates an example where the red subpixel R, green subpixel G, blue subpixel B, and yellow
subpixel Ye are disposed in this order from the left side in the pixel, the arrangement of the plurality of subpixels is not
limited thereto. The red subpixel R, green subpixel G, blue subpixel B, and yellow subpixel Ye may be arranged in any
order.
[0030] Moreover, although FIG. 2 illustrates an example where the plurality of subpixels are in a 1 row 3 4 column
arrangement within the pixel, the arrangement of the plurality of subpixels is not limited thereto. For example, as shown
in FIG. 3, the plurality of subpixels may be in a 2 row 32 column arrangement within the pixel.
[0031] Based on an externally-input image signal, the driving circuit 20 supplies display signals to the plurality of
subpixels of the liquid crystal display panel 10. As shown in FIG. 1, the driving circuit 20 in the present embodiment
includes a timing controller 30 for receiving the image signal which is input to the driving circuit 20 and generating a
predetermined signal, and an LCD driver 40 for driving the liquid crystal display panel 10 based on the signal which is
output from the timing controller 30.
[0032] As shown in FIG. 4, the LCD driver 40 includes a gate driver 41 which is electrically connected to a plurality of
scanning lines GL of the liquid crystal display panel 10 and a source driver 42 which is electrically connected to a plurality
of signal lines SL of the liquid crystal display panel 10. Predetermined signals are supplied from the timing controller 30
to the gate driver 41 and the source driver 42.
[0033] The present embodiment illustrates an example, as shown in FIG. 1, where an image signal corresponding to
three primary colors is externally input to the driving circuit 20. Therefore, the timing controller 30 includes a signal
conversion circuit (not shown in FIG. 1 and FIG. 4) that converts the image signal corresponding to three primary colors
into a multiprimary signal corresponding to four primary colors. Moreover, the timing controller 30 also includes a test
circuit to conduct a white point adjustment (also not shown in FIG. 1 and FIG. 4). The specific construction of the timing
controller 30 will be described in detail later.
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[0034] In the liquid crystal display device 100 of the present embodiment, when achromatic colors of at least some
gray levels (i.e., gray) among all gray levels are to be displayed by a pixel, the display signals which are supplied from
the driving circuit 20 to a subpixel group composed of two subpixels (referred to as a "first subpixel group") among the
four subpixels (red subpixel R, green subpixel G, blue subpixel B, and yellow subpixel Ye) are display signals of the
same grayscale level. Specifically, the display signals which are supplied to the first subpixel group from the driving
circuit 20 are display signals of the same grayscale level as the grayscale level of an achromatic color which is displayed
by the pixel. On the other hand, the display signals which are supplied from the driving circuit 20 to a subpixel group
composed of the other two subpixels (referred to as a "second subpixel group") are display signals of a different grayscale
level(s) from the grayscale level of the display signals which are supplied to the first subpixel group. The first subpixel
group at least includes the yellow subpixel Ye. The second subpixel group at least includes the blue subpixel B.
[0035] Thus, in the liquid crystal display device 100 of the present embodiment, for achromatic colors of at least some
gray levels, while the grayscale levels of the two subpixels including the yellow subpixel Ye (first subpixel group) are
fixed (or more specifically, matched to the grayscale level of an achromatic color which is to be displayed by the pixel),
the grayscale levels of the other two subpixels (second subpixel group) including the blue subpixel B are increased or
decreased (i.e., made different from the grayscale level of an achromatic color which is to be displayed by the pixel),
whereby a white point adjustment is applied.
[0036] In the case of applying a white point adjustment for a liquid crystal display device which performs multicolor
display by using four primary colors, a technique of independently adjusting the grayscale levels of the four subpixels
(i.e., increasing or decreasing the grayscale levels of all subpixels) might be possible, for example; however, such a
technique would be very complicated. The present embodiment’s technique of fixing the grayscale levels of two colors
and adjusting (increasing or decreasing) the grayscale level of the other two colors have common ground with the
conventional technique described with reference to Patent Document 2 (a white point adjustment technique for three-
primary liquid crystal display devices) in that the grayscale levels of two colors are adjusted, which provides compatibility
in terms of the jigs used and the operation procedure, whereby good work efficiency is obtained.
[0037] Moreover, in the technique of the present embodiment, the yellow subpixel Ye is included in the first subpixel
group, whereas the blue subpixel B is included in the second subpixel group. Thus fixing the grayscale level of the yellow
subpixel Ye and increasing or decreasing the grayscale level of the blue subpixel B is preferable for the reasons described
below.
[0038] In a three-primary liquid crystal display device, as has already been described, green has the highest luminance
among the primary colors that are used for displaying. On the other hand, in a liquid crystal display device which performs
multicolor display by using four primary colors of red, green, blue, as well as yellow, it is yellow that has the highest
luminance. Therefore, by fixing the grayscale level of the yellow subpixel Ye, the influences of white point adjustment
on luminance (decrease in luminance) can be reduced.
[0039] Table 1 shows exemplary tristimulus values XYZ of the primary colors that are used for displaying by a three-
primary liquid crystal display device, i.e., red, green, and blue when the red subpixel, the green subpixel, and the blue
subpixel are respectively lit at the maximum grayscale level. Table 2 shows exemplary tristimulus values XYZ of the
primary colors that are used for displaying by the liquid crystal display device 100 of the present embodiment, i.e., red,
green, blue, and yellow when the red subpixel R, the green subpixel G, the blue subpixel B, and the yellow subpixel Ye
are respectively lit at the maximum grayscale level.

[Table 1]

X Y Z

R 0.394324 0.208084 0.004755

G 0.343459 0.662361 0.171251

B 0.254644 0.129554 1.385793

[Table 2]

X Y Z

R 0.2381 0.1253 0.0104

G 0.1453 0.3421 0.0919

B 0.2721 0.1288 1.5043

Ye 0.2971 0.4038 0.0147
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[0040] Among the tristimulus values, the Y value represents the luminance (lightness) of each primary color. It can
be seen from Table 1 that, in a three-primary liquid crystal display device, the Y value of green is the highest, so that
green is predominant in terms of luminance. On the other hand, it can be seen from Table 2 that, in the liquid crystal
display device 100, the Y value of yellow is the highest, so that yellow has the highest luminance (lightness).
[0041] Thus, from the standpoint of influences on luminance, in the liquid crystal display device 100 performing mul-
ticolor display by using four primary colors, it is preferable to fix the grayscale level of the yellow subpixel Ye.
[0042] Next, the tendency when the grayscale level of each subpixel is increased or decreased will be described. FIG.
5 shows example of chromaticity points (xy chromaticity coordinates) of achromatic colors from grayscale level 120 to
grayscale level 255 (highest grayscale level), in the case where the liquid crystal display device 100 has 256 grayscale
levels.
[0043] As can be seen from FIG. 5, a chromaticity point of an achromatic color of grayscale level 120 differs from the
chromaticity point of an achromatic color of the highest grayscale level. In order to allow them to match, it is necessary
to shift the chromaticity point of the achromatic color of grayscale level 120 in the upper right direction (shown by an
arrow) in FIG. 5.
[0044] FIG. 6 schematically shows directions in which a chromaticity point may change when the grayscale levels of
a red subpixel R, a green subpixel G, a blue subpixel B, and a yellow subpixel Ye are each increased or decreased,
where the origin of the graph is defined at a chromaticity point of an achromatic color. In FIG. 6, "+" indicates increasing
the grayscale level, whereas "-" indicates decreasing the grayscale level. For example, if the grayscale level of the red
subpixel R is increased, the chromaticity point will change in the R+ direction; if the grayscale level of the red subpixel
R is decreased, the chromaticity point will change in the R- direction.
[0045] As can be seen from FIG. 6, the direction of chromaticity change (B+ direction) when increasing the grayscale
level of the blue subpixel B and the direction of chromaticity change (Ye- direction) when decreasing the grayscale level
of the yellow subpixel Ye are substantially the same; and the direction of chromaticity change (B-direction) when de-
creasing the grayscale level of the blue subpixel B and the direction of chromaticity change (Ye+ direction) when increase
the grayscale level of the yellow subpixel Ye are substantially the same. This is because the relationship between blue
and yellow is that of complementary colors. Therefore, chromaticity changes along substantially the same axis when
the grayscale level of blue is increased or decreased and when the grayscale level of yellow is increased or decreased.
Therefore, when both blue and yellow are selected as the two colors whose grayscale levels are to be adjusted, it is
difficult to match the chromaticity point of the chromaticity point of an achromatic color of an intermediate gray level with
the chromaticity point of an achromatic color of the highest grayscale level. For this reason, it may be preferable to fix
the grayscale level of one of the blue subpixel B and the yellow subpixel Ye (i.e., while adjust the grayscale level of the
other), or the grayscale level of both are fixed (i.e., the grayscale level of neither is adjusted). However, as has already
been described, it is preferable to fix the grayscale level of the yellow subpixel Ye from the standpoint of influences on
luminance; therefore, the two prospective subpixels whose grayscale levels are to be adjusted may be a combination
of the red subpixel R and the green subpixel G, a combination of the red subpixel R and the blue subpixel B, or a
combination of the green subpixel G and the blue subpixel B.
[0046] Now, FIG. 5 will be referred to again. As shown in FIG. 5, in the xy chromaticity diagram, there is a tendency
for the chromaticity point of an achromatic color of an intermediate gray level to deviate in an oblique direction from a
target chromaticity point (the chromaticity point of an achromatic color of the highest grayscale level). Therefore, it will
be more efficient to increase or decrease the grayscale level of the blue subpixel B or the yellow subpixel Ye, rather
than the red subpixel R, whose direction of chromaticity change when its grayscale level increased or decreased is close
to the horizontal direction, or the green subpixel G, that of which is close to the vertical direction.
[0047] Thus, by taking all of the above conditions into consideration, the two prospective subpixels whose grayscale
levels are to be adjusted may be a combination of the red subpixel R and the blue subpixel B or a combination of the
green subpixel G and the blue subpixel B. In other words, the second subpixel group is either composed of the blue
subpixel B and the red subpixel R, or composed of the blue subpixel B and the green subpixel B.
[0048] As described above, by including the yellow subpixel Ye in the first subpixel group and including the blue
subpixel B in the second subpixel group, it becomes possible to reduce influences on luminance, and efficiently apply
a white point adjustment. Note that it is not necessary to apply white point adjustment at all gray levels. For example,
at lower grayscale levels, the luminance that each subpixel can exhibit is in itself low (i.e., the grayscale level can only
be increased or decreased in a narrow breadth); therefore, even if white point adjustment is applied, the chromaticity
point may not be brought sufficiently close to the target chromaticity point. Moreover, at lower grayscale levels, there is
little influence on image quality because of low luminance. Therefore, to begin with, there is no need to apply white point
adjustment at intermediate gray levels corresponding to a normalized luminance of 0.2 or less. However, from the
standpoint of realizing adequate color management, among all gray levels, white point adjustment is preferably applied
at intermediate gray levels of 60% or more, more preferably at intermediate gray levels of 80% or more, and still more
preferably at intermediate gray levels of 85% or more.
[0049] Now, the criteria as to which one of the red subpixel R and the green subpixel G is to be selected as the subpixel
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other than the blue subpixel B composing the second subpixel group will be described.
[0050] In the case where an achromatic color of a given intermediate gray level is displayed by a pixel, the xy chromaticity
coordinates of an achromatic color which is displayed by the pixel when assuming that display signals of the same
grayscale level as the given intermediate gray level are supplied to all of the plurality of subpixels will be defined as a
"reference chromaticity point (pre-adjustment chromaticity point)". At this time, the direction of chromaticity change when
the grayscale level of the display signal supplied to the blue subpixel B is increased or decreased, i.e., the locus of the
reference chromaticity point on the xy chromaticity diagram, will be referred to as a "B axis". The criteria as to which one
of the red subpixel R and the green subpixel G is to be selected as the subpixel other than the blue subpixel B composing
the second subpixel group may be whether the target chromaticity point (the xy chromaticity coordinates of an achromatic
color of the highest grayscale level displayed by the pixel) is above the B axis (i.e., the G+ side) or below the B axis (i.e.,
the G-side) on the xy chromaticity diagram.
[0051] FIG. 7 shows examples of white point adjustment in the case where a target chromaticity point is located on
the G+ side (upper side) of the B axis. In this case, if the blue subpixel B and the green subpixel G are selected as the
second subpixel group, then the grayscale level of the blue subpixel B is to be decreased (the solid-line arrow B- in the
figure), and also the grayscale level of the green subpixel G is to be increased (the solid-line arrow G+ in the figure). On
the other hand, if the blue subpixel B and the red subpixel R are selected as the second subpixel group, then the grayscale
level of the blue subpixel B is to be decreased (the dotted-line arrow B- in the figure), and also the grayscale level of the
red subpixel R is to be decreased (the dotted-line arrow R- in the figure). Rather than decreasing the grayscale levels
of both of the two subpixels of the second subpixel group (i.e., the latter adjustment), decreasing the grayscale level of
one of the two subpixels of the second subpixel group while increasing the grayscale level of the other (i.e., the former
adjustment) will incur a smaller decrease in luminance, which is preferable. Moreover, the former adjustment requires
smaller amounts of adjustment than the latter adjustment, which is also preferable.
[0052] Thus, in the case where the target chromaticity point is located on the G+ side (upper side) of the B axis, from
the standpoint of luminance change and amount of adjustment, it is preferable that the green subpixel G is included in
the second subpixel group in addition to the blue subpixel B (i.e., the red subpixel R is included in the first subpixel group
in addition to the yellow subpixel Ye). At this time, the display signal supplied from the driving circuit 20 to the blue
subpixel B is a display signal of a lower grayscale level than the grayscale level of the display signals supplied to the
yellow subpixel Ye and the red subpixel R. Moreover, the display signal supplied to the green subpixel G from the driving
circuit 20 is a display signal of a higher grayscale level than the grayscale level of the display signals supplied to the
yellow subpixel Ye and the red subpixel R.
[0053] FIG. 8 shows examples of white point adjustment in the case where a target chromaticity point is located on
the G- side (lower side) of the B axis. In this case, if the blue subpixel B and the green subpixel G are selected as the
second subpixel group, then the grayscale level of the blue subpixel B is to be decreased (the solid-line arrow B- in the
figure), and also the grayscale level of the green subpixel G is to be decreased (the solid-line arrow G- in the figure).
On the other hand, if the blue subpixel B and the red subpixel R are selected as the second subpixel group, then the
grayscale level of the blue subpixel B is decreased (the dotted-line arrow B- in the figure), and also the grayscale level
of the red subpixel R is to be increased (the dotted-line arrow R+ in the figure). Rather than decreasing the grayscale
levels of both of the two subpixels of the second subpixel group (i.e., the former adjustment), decreasing the grayscale
level of one of the two subpixels of the second subpixel group while increasing the grayscale level of the other (i.e., the
latter adjustment) will incur a smaller decrease in luminance, which is preferable. Moreover, the latter adjustment requires
smaller amounts of adjustment than the former adjustment, which is also preferable.
[0054] Thus, in the case where the target chromaticity point is located on the G- side (lower side) of the B axis, from
the standpoint of luminance change and amount of adjustment, it is preferable that the red subpixel R is included in the
second subpixel group in addition to the blue subpixel B (i.e., the green subpixel G is included in the first subpixel group
in addition to the yellow subpixel Ye). At this time, the display signal supplied from the driving circuit 20 to the blue
subpixel B is a display signal of a lower grayscale level than the grayscale level of the display signals supplied to the
yellow subpixel Ye and the green subpixel G. Moreover, the display signal supplied from the driving circuit 20 to the red
subpixel R is a display signal of a higher grayscale level than the grayscale level of the display signals supplied to the
yellow subpixel Ye and the green subpixel G.
[0055] Note that the target chromaticity point may not always be located on the same side of the B axis for achromatic
colors of all gray levels. In other words, depending on the specifications of the liquid crystal display device 100, the target
chromaticity point may be located on the G+ side of the B axis for an achromatic color of an intermediate gray level, and
the target chromaticity point may be located on the G- side of the B axis for an achromatic color of another intermediate
gray level. In this case, for all of the intermediate gray levels to which white point adjustment is applied, the relative
positioning between the target chromaticity point and the B axis may be determined, and the second subpixel group
may be selected for each intermediate gray level. However, in order to facilitate white point adjustment, the same selection
of the second subpixel group may be universally adopted for all of the intermediate gray levels to which white point
adjustment is applied. For example, the relative positioning between the target chromaticity point and the B axis may
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be determined at a specific grayscale level (e.g., at grayscale level 120 shown in FIG. 5), and a second subpixel group
may be selected based on this result. Alternatively, an average of deviation between the target chromaticity point and
the B axis may be taken for all of the intermediate gray levels to which white point adjustment is applied, and a second
subpixel group may be selected; or, the relative positioning between the target chromaticity point and the B axis may
be determined for all of the intermediate gray levels to which white point adjustment is applied, and a second subpixel
group may be selected according to the majority.
[0056] Next, results of verifying the white point adjustment technique of the present embodiment through calculations
will be discussed.
[0057] First, it will be considered how the chromaticity point moves when the grayscale level of each primary color is
changed (increased or decreased). Specifically, influences on the chromaticity point will be discussed based on the XYZ
values of each chromaticity point. Assuming that changes in the chromaticity point are minute changes Δx and Δy, then
Δ x and Δy are expressed by eqs. (1) and (2) below by using the XYZ values.
[math. 1] 

[math. 2] 

[0058] Now, the chromaticity point of an achromatic color which is displayed when the grayscale levels of all primary
colors are made equal (i.e., an achromatic color prior to white point adjustment) at an arbitrary intermediate gray level
will be considered. Assuming XYZ values (XR,YR.ZR) for red, XYZ values (XG,YG,ZG) for green, XYZ values (XB,YB,ZH)
for blue, and XYZ values (XY,YY,ZY) for yellow at an arbitrary intermediate gray level, and a normalized luminance K of
an achromatic color at the arbitrary intermediate gray level, then the XYZ values (X0,Y0,Z0) of the chromaticity point of
the achromatic color prior to white point adjustment is expressed by eqs. (3), (4), and (5) below. 
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[0059] By denoting (XR+XG+XB+XY) as XRGBY, (YR+YG+YB+YY) as YRGBY, and (ZR+ZG+ZB+ZY) as ZRGBY, eqs. (3)’,
(4)’, and (5)’ below are derived from eqs. (3), (4), and (5) above. 

[0060] Now, if the grayscale level of red is increased so that red has a normalized luminance of K+k, then the X value
will be X1=X0+kXR. Therefore, the change in the X value is expressed as ΔX=X1-X0=kXR. Similarly, the change ΔY in
the Y value is expressed as ΔY=kYR, and the change ΔZ in the Z value is expressed as ΔZ=kZR. Therefore, a gradient
Δy/Δx of the minute changes is expressed by eq. (6) below.
[math. 3] 

[0061] It is assumed that: the chromaticity point of the achromatic color prior to white point adjustment has a deviation
(ΔXmix, ΔYmix) from the target chromaticity point; and, for the two colors whose grayscale levels are selected for adjust-
ment, the minute increases or decreases (Δx, Δy) in chromaticity caused by increasing or decreasing their grayscale
levels are (kx, ky), (lx,ly), respectively. If the chromaticity point of the achromatic color is to be matched to the target
chromaticity point by increasing or decreasing the first color by a rate of α, and the second color by a rate of β, then eq.
(7) below holds.
[math. 4] 

[0062] From eq. (7) above, α and β are expressed by eqs. (8) and (9) below. However, in eqs. (8) and (9), k=ky/ky, l=ly/lx.
[math. 5] 
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[math. 6] 

[0063] In the manner described above, the rates (α,β) by which the two colors for adjustment are to be changed, so
that the chromaticity point of an achromatic color of an intermediate gray level is matched to the target chromaticity
point, are calculated.
[0064] Hereinafter, results of verifying the white point adjustment technique by calculating the aforementioned rates
(α,β) for a three-primary liquid crystal display device and the liquid crystal display device 100 of the present embodiment
will be described.
[0065] Table 3 shows α and β, in a three-primary liquid crystal display device of specifications as shown in Table 1,
for matching the chromaticity point of an achromatic color of grayscale level 120 (x,y)=(0.2569,0.2497) to the chromaticity
point (x,y)=(0.2803,0.2827) of an achromatic color of the highest grayscale level. Table 3 illustrates rates α and β by
which the two primary colors are to be changed, a gross change, and a target luminance error, with respect to the three
cases where the two primary colors for adjustment are red and green, red and blue, or green and blue. A gross change
is a measure of the amounts of change for two colors, as represented by (α2+β2)1/2. A target luminance error is a
luminance difference between the unadjusted achromatic color and the adjusted achromatic color.

[0066] It can be seen from Table 3 that, in terms of gross change and target luminance error, it is most preferable to
adjust the grayscale levels of red and blue while fixing the grayscale level of green, as has been conventionally done.
[0067] FIG. 9 shows a chromaticity point prior to white point adjustment (the chromaticity point of an achromatic color
of grayscale level 120) and a target chromaticity point (the chromaticity point of an achromatic color of grayscale level
255) in this three-primary liquid crystal display device. The graph of FIG. 9 shows, in addition to the B axis representing
a direction of chromaticity change when the grayscale level of blue is increased or decreased, an R axis representing
a direction of chromaticity change when the grayscale level of red is increased or decreased and a G axis representing
a direction of chromaticity change when the grayscale level of green is increased or decreased.
[0068] As shown in FIG. 9, when the two primary colors for adjustment are green and blue, the adjustments for the
two colors will both involve decreasing the grayscale level. On the other hand, when the two primary colors for adjustment
are red and blue, the adjustments will involve decreasing the grayscale level for blue but increasing the grayscale level
for red. Thus, it can also be seen from FIG. 9 that it is preferable to adjust the grayscale levels of red and blue.
[0069] Table 4 shows α and β, in the liquid crystal display device 100 of specifications as shown in Table 2, for matching
the chromaticity point of an achromatic color of grayscale level 120 (x,y)=(0.2345,0.2147) to the chromaticity point
(x,y)=(0.2694,0.2858) of an achromatic color of the highest grayscale level. Table 4 illustrates rates α and β by which
the two primary colors are to be changed, a gross change, and a target luminance error, with respect to the six cases
where the two primary colors for adjustment are red and green, red and blue, red and yellow, green and blue, green
and yellow, or blue and yellow.

[Table 3]

primary colors for adjustment α β gross change target luminance error

red ·green 0.027648 0.024925 0.037224 0.022262

red ·blue 0.002724 -0.02492 0.025073 0.013245

green ·blue -0.00272 -0.02765 0.027782 0.055752

[Table 4]

primary colors for adjustment α β gross change target luminance error

red ·green 0.077225 0.101614 0.127629 0.044444

red ·blue -0.01452 -0.04995 0.052021 -0.00825

red ·yellow -0.00497 0.098257 0.098383 0.039048

green ·blue 0.016081 -0.04205 0.045018 8.63E-05

green ·yellow 0.006149 0.092311 0.092516 0.039375
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[0070] It can be seen from Table 4 that, in terms of gross change and target luminance error, it is most preferable to
adjust the grayscale levels of green and blue while fixing the grayscale levels of yellow and red. It can also be seen from
Table 4 that adjusting the grayscale level of yellow will not provide favorable results in terms of either gross change or
target luminance error.
[0071] FIG. 10 shows a chromaticity point prior to white point adjustment (the chromaticity point of an achromatic color
of grayscale level 120) and a target chromaticity point (the chromaticity point of an achromatic color of grayscale level
255) in the liquid crystal display device 100 of the above specifications. The graph of FIG. 10 shows, in addition to the
B axis, the R axis, and the G axis, a Ye axis representing a direction of chromaticity change when the grayscale level
of yellow is increased or decreased.
[0072] As shown in FIG. 10, when the two primary colors for adjustment are red and blue, the adjustments for the two
colors will both involve decreasing the grayscale level. On the other hand, when the two primary colors for adjustment
are green and blue, the adjustments will involve decreasing the grayscale level for blue but increasing the grayscale
level for green. Thus, it can also be seen from FIG. 10 that it is preferable to adjust the grayscale levels of green and blue.
[0073] FIG. 11 shows a relationship, in the liquid crystal display device 100 of the above specifications in a state prior
to white point adjustment, between an input grayscale level (R=G=B) and a normalized output luminance of an achromatic
color which is displayed by a pixel. As shown in FIG. 11, the normalized output luminance after gamma correction
matches the target gamma.
[0074] FIG. 12 shows a relationship, in the liquid crystal display device 100 of the above specifications in a state prior
to white point adjustment, between an input grayscale level (R=G=B) and chromaticities x and y of an achromatic color
which is displayed by a pixel. It can be seen from FIG. 12 that the chromaticities x and y of an achromatic color of an
intermediate gray level are deviated from the chromaticities x and y of an achromatic color of the highest grayscale level.
[0075] FIG. 13 shows a relationship, in the liquid crystal display device 100 of the above specifications after a white
point adjustment is applied by changing the grayscale levels for red and blue, between a grayscale level of an achromatic
color serving as a reference and chromaticities x and y of an achromatic color which is displayed by a pixel. For comparison
sake, FIG. 13 also shows the chromaticities x and y prior to white point adjustment.
[0076] It can be seen from FIG. 13 that the white point adjustment has allowed the chromaticities x and y of the
achromatic color of an intermediate gray level to substantially match the chromaticities x and y of the achromatic color
of the highest grayscale level. However, as has been described with reference to FIG. 10, when the grayscale levels of
red and blue are changed under these specifications, the grayscale levels of red and blue are both to be decreased.
[0077] FIG. 14 shows a relationship between a grayscale level of an achromatic color serving as a reference and
amounts of change in the grayscale levels for red and blue. As indicated in FIG. 14, the amount of change in the grayscale
level is negative for both of red and blue, and thus the grayscale levels of red and blue are both decreased. Therefore,
when white point adjustment is applied by changing the grayscale levels of red and blue, an achromatic color of an
intermediate gray level will decrease in luminance.
[0078] FIG. 15 shows a relationship, before and after a white point adjustment is applied by changing the grayscale
levels for red and blue, between a grayscale level of an achromatic color serving as a reference and a normalized output
luminance of an achromatic color which is displayed by a pixel. As can be seen from FIG. 15, the luminance after white
point adjustment is reduced from the luminance prior to white point adjustment.
[0079] FIG. 16 shows a relationship, in the liquid crystal display device 100 under these specifications after a white
point adjustment is applied by changing the grayscale levels for green and blue, between a grayscale level of an ach-
romatic color serving as a reference and chromaticities x and y of an achromatic color which is displayed by a pixel. For
comparison sake, FIG. 16 also shows the chromaticities x and y prior to white point adjustment.
[0080] It can be seen from FIG. 16 that the white point adjustment has allowed the chromaticities x and y of the
achromatic color of an intermediate gray level to substantially match the chromaticities x and y of the achromatic color
of the highest grayscale level. Moreover, as has been described with reference to FIG. 10, when the grayscale levels
of green and blue are changed under these specifications, the grayscale level of blue is to be decreased, but the grayscale
level of green is to be increased.
[0081] FIG. 17 shows a relationship between a grayscale level of an achromatic color serving as a reference and
amounts of change in the grayscale levels for green and blue. As is indicated in FIG. 17, the amount of change in the
grayscale level is negative for blue, but the amount of change in the grayscale level is positive for green, and thus the
grayscale level of blue is decreased, but the grayscale level of green is increased. Therefore, when white point adjustment
is applied by changing the grayscale levels of green and blue, decrease in the luminance of an achromatic color of an

(continued)

primary colors for adjustment α β gross change target luminance error

blue ·yellow 0.026034 0.149466 0.151716 0.0637
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intermediate gray level can be suppressed.
[0082] FIG. 18 shows a relationship, before and after a white point adjustment is applied by changing the grayscale
levels for green and blue, between a grayscale level of an achromatic color serving as a reference and a normalized
output luminance of an achromatic color which is displayed by a pixel. As can be seen from FIG. 18, the luminance after
white point adjustment is hardly changed from the luminance prior to white point adjustment.
[0083] Up to here, results of verification in the case where the liquid crystal display device 100 has specifications as
shown in Table 2 have been described. Next, results of verification in the case where the liquid crystal display device
100 has specifications as shown in Table 5 will be described.

[0084] Table 6 shows α and β, in the liquid crystal display device 100 of specifications as shown in Table 5, for matching
the chromaticity point of an achromatic color of grayscale level 120 (x,y)=(0.248,0.251) to the chromaticity point
(x,y)=(0.2583,0.2582) of an achromatic color of the highest grayscale level. Table 6 illustrates rates α and β by which
the two primary colors are to be changed, a gross change, and a target luminance error, with respect to the six cases
where the two primary colors for adjustment are red and green, red and blue, red and yellow, green and blue, green
and yellow, or blue and yellow.

[0085] It can be seen from Table 6 that, in terms of gross change and target luminance error, it is most preferable to
adjust the grayscale levels of red and blue while fixing the grayscale levels of yellow and green. It can also be seen from
Table 6 that adjusting the grayscale level of yellow will not provide favorable results in terms of either gross change or
target luminance error.
[0086] FIG. 19 shows a chromaticity point prior to white point adjustment (the chromaticity point of an achromatic color
of grayscale level 120) and a target chromaticity point (the chromaticity point of an achromatic color of grayscale level
255) in the liquid crystal display device 100 of the above specifications.
[0087] As is shown in FIG. 19, when the two primary colors for adjustment are green and blue, the adjustments for
the two colors will both involve decreasing the grayscale level. On the other hand, when the two primary colors for
adjustment are red and blue, the adjustments will involve decreasing the grayscale level for blue but increasing the
grayscale level for red. Thus, it can also be seen from FIG. 19 that it is preferable to adjust the grayscale levels of red
and blue.
[0088] FIG. 20 shows a relationship, in the liquid crystal display device 100 under these specifications after a white
point adjustment is applied by changing the grayscale levels for green and blue, between a grayscale level of an ach-
romatic color serving as a reference and chromaticities x and y of an achromatic color which is displayed by a pixel. For
comparison sake, FIG. 20 also shows the chromaticities x and y prior to white point adjustment.
[0089] It can be seen from FIG. 20 that the white point adjustment has allowed the chromaticities x and y of the
achromatic color of an intermediate gray level to substantially match the chromaticities x and y of the achromatic color
of the highest grayscale level. However, as has been described with reference to FIG. 19, when the grayscale levels of

[Table 5]

X Y Z

R 0.2335 0.1230 0.0063

G 0.1404 0.3372 0.0464

B 0.3436 0.1264 1.8283

Ye 0.2863 0.4134 0.0301

[Table 6]

primary colors for adjustment α β gross change target luminance error

red · green 0.02102 0.008201 0.022563 0.00544

red · blue 0.014591 -0.00329 0.014958 0.001405

red · yellow 0.015684 0.00802 0.017616 0.005204

green · blue -0.01861 -0.01076 0.0215 -0.00775

green · yellow -0.02411 0.031592 0.039739 0.004508

blue · yellow -0.04723 -0.10701 0.116972 -0.04929



EP 2 523 184 B1

14

5

10

15

20

25

30

35

40

45

50

55

green and blue are changed under these specifications, the grayscale levels of green and blue are both to be decreased.
[0090] FIG. 21 shows a relationship between a grayscale level of an achromatic color serving as a reference and
amounts of change in the grayscale levels for green and blue. As shown in FIG. 21, the amount of change in the grayscale
level is generally negative for both green and blue, and thus the grayscale levels of green and blue are both decreased.
Therefore, when white point adjustment is applied by changing the grayscale levels of green and blue, an achromatic
color of an intermediate gray level will decrease in luminance.
[0091] FIG. 22 shows a relationship, before and after a white point adjustment is applied by changing the grayscale
levels for green and blue, between a grayscale level of an achromatic color serving as a reference and a normalized
output luminance of an achromatic color which is displayed by a pixel. As can be seen from FIG. 22, the luminance after
white point adjustment is reduced from the luminance prior to white point adjustment.
[0092] FIG. 23 shows a relationship, in the liquid crystal display device 100 of the above specifications after a white
point adjustment is applied by changing the grayscale levels for red and blue, between a grayscale level of an achromatic
color serving as a reference and chromaticities x and y of an achromatic color which is displayed by a pixel. For comparison
sake, FIG. 23 also shows the chromaticities x and y prior to white point adjustment.
[0093] It can be seen from FIG. 23 that the white point adjustment has allowed the chromaticities x and y of the
achromatic color of an intermediate gray level to substantially match the chromaticities x and y of the achromatic color
of the highest grayscale level. Moreover, as has been described with reference to FIG. 19, when the grayscale levels
of red and blue are changed under these specifications, the grayscale level is decreased for blue, but the grayscale
level is increased for red.
[0094] FIG. 24 shows a relationship between a grayscale level of an achromatic color serving as a reference and
amounts of change in the grayscale levels for red and blue. As is indicated in FIG. 24, the amount of change in the
grayscale level is negative for blue except at lower grayscale levels, but the amount of change in the grayscale level is
positive for red, and thus the grayscale level of blue is generally decreased, but the grayscale level of red is increased.
Therefore, when white point adjustment is applied by changing the grayscale levels of red and blue, decrease in the
luminance of an achromatic color of an intermediate gray level can be suppressed.
[0095] FIG. 25 shows a relationship, before and after a white point adjustment is applied by changing the grayscale
levels for red and blue, between a grayscale level of an achromatic color serving as a reference and a normalized output
luminance of an achromatic color which is displayed by a pixel. As can be seen from FIG. 25, the luminance after white
point adjustment is hardly changed from the luminance prior to white point adjustment.
[0096] Next, a specific construction of the timing controller 30 included in the driving circuit 20 of the liquid crystal
display device 100 of the present embodiment will be described. FIG. 26 shows a suitable construction for the timing
controller 30.
[0097] The timing controller 30 shown in FIG. 26 includes a signal conversion circuit 31 that converts an image signal
corresponding to three primary colors into a multiprimary signal corresponding to four primary colors, a test circuit 32 to
conduct a white point adjustment, and a selector 33 for switching between the signal from the signal conversion circuit
31 and the signal from the test circuit 32 for being output to the liquid crystal display panel 10.
[0098] The specific construction of the test circuit 32 is shown in FIG. 27. As for red, green, and blue, the test circuit
32 outputs signals of the same grayscale levels as the red component, green component, and blue component of an
input image signal. Moreover, the test circuit 32 has a selector 32a in its interior, and as for the remaining yellow, outputs
a signal of the same grayscale level as one of the red component, green component, and blue component of the input
image signal. Therefore, if an image signal is input such that the grayscale levels of the red component, green component,
and blue component are all A, for example, then the grayscale levels of red, green, blue, and yellow are all A, regardless
of which component is selected by the selector 32a. As a result, an achromatic color at the grayscale level A, which
serves as a reference prior to adjustment, is obtained.
[0099] Now, a deviation between the chromaticity point of the resultant achromatic color of the grayscale level A and
the chromaticity point of an achromatic color of the maximum grayscale level (which is grayscale level 255 in the case
of 8 bits) is adjusted for. For example, in the case where adjustment is made based on green and blue, the grayscale
levels of red and yellow are fixed. As the selectors 32a selects the red component, the grayscale level of red and the
grayscale level of yellow will become A. As for green and blue, by first beginning at the grayscale level A, adjustments
to the desired chromaticity point may be made by respectively increasing or decreasing them.
[0100] The result of white point adjustment using the test circuit 32 is fed back to the signal conversion circuit 31,
whereby the signal conversion circuit 31 is enabled to conduct a signal conversion such that there is little difference
between the chromaticity point of an achromatic color of an intermediate gray level and the chromaticity point of an
achromatic color of the highest grayscale level. As the signal conversion circuit 31, any known circuit that has been
proposed for use with multiprimary liquid crystal display devices can be used.
[0101] Although an example where an image signal corresponding to three primaries is externally input to the driving
circuit 20 is illustrated herein, the present invention is not limited thereto. A multiprimary signal corresponding to four
primary colors may be input to the driving circuit 20. In that case, the timing controller 30 does not need to include the
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signal conversion circuit 31 and the test circuit 32.

INDUSTRIAL APPLICABILITY

[0102] According to the present invention, a white point adjustment technique which is suitably used for a multiprimary
liquid crystal display device that performs multicolor display by using four primary colors is provided.

REFERENCE SIGNS LIST

[0103]

10 liquid crystal display panel
20 driving circuit
30 timing controller
31 signal conversion circuit
32 test circuit
32a selector
33 selector
40 LCD driver
41 gate driver
42 source driver
100 liquid crystal display device
R red subpixel
G green subpixel
B blue subpixel
Ye yellow subpixel

Claims

1. A liquid crystal display device (100) comprising:

a liquid crystal display panel (10) having a pixel defined by a plurality of subpixels, wherein the plurality of
subpixels are a red subpixel to display red, a green subpixel to display green, a blue subpixel to display blue,
and a yellow subpixel to display yellow; and
a driving circuit (20) adapted to supply display signals to the plurality of subpixels of the liquid crystal display panel,
the driving circuit (20) is adapted to supply display signals of a same grayscale level to a first subpixel group
composed of two subpixels when achromatic colors of at least some gray levels among all gray levels are to
be displayed by the pixel, wherein said first subpixel group of two subpixels is composed of the yellow subpixel
and either the red subpixel or the green subpixel, respectively, and
the driving circuit (20) is adapted to supply display signals of a grayscale level to a second subpixel group
composed of two subpixels when achromatic colors of at least some gray levels among all gray levels are to
be displayed by the pixel,
wherein said two subpixels of said second subpixel group are subpixels other than the two subpixels of the first
subpixel group, and are composed of the blue subpixel and either the green subpixel or the red subpixel,
respectively, and
wherein the grayscale level of the display signals supplied to the second subpixel group is different from said
grayscale level of the display signals supplied to the first subpixel group;

characterized in that
with respect to an achromatic color of a given intermediate gray level among the at least some gray levels being
displayed by the pixel, xy chromaticity coordinates of an achromatic color displayed by the pixel when assuming
that display signals of the same grayscale level as the given intermediate gray level are supplied to all of the plurality
of subpixels is defined as a reference chromaticity point; xy chromaticity coordinates of an achromatic color of a
highest grayscale level displayed by the pixel is defined as a target chromaticity point; and a locus of the reference
chromaticity point on an xy chromaticity diagram when the grayscale level of the display signal supplied to the blue
subpixel is increased or decreased is defined as a B axis;
when the target chromaticity point is located above the B axis on the xy chromaticity diagram, the first subpixel
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group further includes the red subpixel, the second subpixel group further includes the green subpixel, and the
driving circuit (20) is adapted to supply a display signal of a lower grayscale level than the grayscale level of the
display signals supplied to the yellow subpixel and the red subpixel to the blue subpixel, and the driving circuit (20)
is further adapted to supply a display signal of a higher grayscale level than the grayscale level of the display signals
supplied to the yellow subpixel and the red subpixel to the green subpixel; and
when the target chromaticity point is located below the B axis on the xy chromaticity diagram, the first subpixel group
further includes the green subpixel, the second subpixel group further includes the red subpixel, and the driving
circuit (20) is adapted to supply a display signal of a lower grayscale level than the grayscale level of the display
signals supplied to the yellow subpixel and the green subpixel to the blue subpixel, and the driving circuit (20) is
further adapted to supply a display signal signal of a higher grayscale level than the grayscale level of the display
signals supplied to the yellow subpixel and the green subpixel to the red subpixel is a display.

2. The liquid crystal display device of claim 1, wherein the at least some gray levels among all gray levels to be displayed
by the pixel are intermediate gray levels of 60% or more among all gray levels.

3. The liquid crystal display device of claim 1 or 2, wherein the at least some gray levels among all gray levels to be
displayed by the pixel do not include any intermediate gray levels corresponding to a normalized luminance of 0.2
or less.

4. The liquid crystal display device of any of claims 1 to 3, wherein the driving circuit (20) is adapted to supply display
signals of the same grayscale level when the grayscale level of an achromatic color is to be displayed by the pixel.

5. The liquid crystal display device of any of claims 1 to 4, wherein,
the liquid crystal display panel (10) includes a plurality of scanning lines and a plurality of signal lines; and
wherein the driving circuit (20) includes a gate driver (41) electrically connected to the plurality of scanning lines, a
source driver (42) electrically connected to the plurality of signal lines, and a timing controller (30) adapted to supply
predetermined signals to the gate driver (41) and the source driver (42).

6. The liquid crystal display device of claim 5, wherein the timing controller (30) includes a signal conversion circuit
(31) adapted to convert an image signal corresponding to three primary colors into a multiprimary signal correspond-
ing to four primary colors.

7. The liquid crystal display device of claim 6, wherein the timing controller further includes a test circuit (32) adapted
to conduct white point adjustment.

Patentansprüche

1. Flüssigkristall-Anzeigevorrichtung (100), umfassend:

ein Flüssigkristall-Anzeigefeld (10), welches ein Pixel aufweist, das durch mehrere Unterpixel definiert ist, wobei
die mehreren Unterpixel ein rotes Unterpixel zum Anzeigen von Rot, ein grünes Unterpixel zum Anzeigen von
Grün, ein blaues Unterpixel zum Anzeigen von Blau und ein gelbes Unterpixel zum Anzeigen von Gelb sind, und
eine Treiberschaltung (20), welche dafür geeignet ist, den mehreren Unterpixeln des Flüssigkristall-Anzeigefelds
Anzeigesignale zuzuführen,
wobei die Treiberschaltung (20) dafür geeignet ist, einer ersten Unterpixelgruppe, die aus zwei Unterpixeln
zusammengesetzt ist, Anzeigesignale einer gleichen Grauskalastufe zuzuführen, wenn durch das Pixel achro-
matische Farben von mindestens einigen Graustufen aus allen Graustufen anzuzeigen sind, wobei die erste
Unterpixelgruppe aus zwei Unterpixeln entsprechend aus dem gelben Unterpixel und entweder dem roten
Unterpixel oder dem grünen Unterpixel zusammengesetzt ist, und
die Treiberschaltung (20) dafür geeignet ist, einer zweiten Unterpixelgruppe, die aus zwei Unterpixeln zusam-
mengesetzt ist, Anzeigesignale einer Grauskalastufe zuzuführen, wenn durch das Pixel achromatische Farben
von mindestens einigen Graustufen aus allen Graustufen anzuzeigen sind, wobei die zwei Unterpixel der zweiten
Unterpixelgruppe andere Unterpixel als die zwei Unterpixel der ersten Unterpixelgruppe sind und entsprechend
aus dem blauen Unterpixel und entweder dem grünen Unterpixel oder dem roten Unterpixel zusammengesetzt
sind, und wobei sich die Grauskalastufe der Anzeigesignale, die der zweiten Unterpixelgruppe zugeführt werden,
von der Grauskalastufe der Anzeigesignale unterscheidet, die der ersten Unterpixelgruppe zugeführt wird;



EP 2 523 184 B1

17

5

10

15

20

25

30

35

40

45

50

55

dadurch gekennzeichnet, dass
in Bezug auf eine achromatische Farbe einer gegebenen Zwischen-Graustufe unter den mindestens einigen Grau-
stufen, die durch das Pixel angezeigt wird, xy-Normfarbwertkoordinaten einer durch das Pixel angezeigten achro-
matischen Farbe als ein Referenz-Farbortpunkt definiert sind, wenn angenommen wird, dass allen der mehreren
Unterpixel Anzeigesignale derselben Grauskalastufe als die gegebene Zwischen-Graustufe zugeführt werden; xy-
Normfarbwertkoordinaten einer durch das Pixel angezeigten achromatischen Farbe einer höchsten Grauskalastufe
als ein Ziel-Farbortpunkt definiert sind; und eine Position des Referenz-Farbortpunkts auf einem xy-Farbdreieck als
eine B-Achse definiert ist, wenn die Grauskalastufe des dem blauen Unterpixel zugeführten Anzeigesignals erhöht
oder abgesenkt wird;
wenn sich der Ziel-Farbortpunkt in dem xy-Farbdreieck oberhalb der B-Achse befindet, die erste Unterpixelgruppe
ferner das rote Unterpixel umfasst, die zweite Unterpixelgruppe ferner das grüne Unterpixel umfasst und die Trei-
berschaltung (20) dafür geeignet ist, dem blauen Unterpixel ein Anzeigesignal einer niedrigeren Grauskalastufe als
der Grauskalastufe der Anzeigesignale zuzuführen, die dem gelben Unterpixel und dem roten Unterpixel zugeführt
werden, und die Treiberschaltung (20) ferner dafür geeignet ist, dem grünen Unterpixel ein Anzeigesignal einer
höheren Grauskalastufe als der Grauskalastufe der Anzeigesignale zuzuführen, die dem gelben Unterpixel und
dem roten Unterpixel zugeführt werden; und wenn sich der Ziel-Farbortpunkt in dem xy-Farbdreieck unterhalb der
B-Achse befindet, die erste Unterpixelgruppe ferner das grüne Unterpixel umfasst, die zweite Unterpixelgruppe
ferner das rote Unterpixel umfasst und die Treiberschaltung (20) dafür geeignet ist, dem blauen Unterpixel ein
Anzeigesignal einer niedrigeren Grauskalastufe als der Grauskalastufe der Anzeigesignale zuzuführen, die dem
gelben Unterpixel und dem grünen Unterpixel zugeführt werden, und die Treiberschaltung (20) ferner dafür geeignet
ist, dem roten Unterpixel ein Anzeigesignal einer höheren Grauskalastufe als der Grauskalastufe der Anzeigesignale
zuzuführen, die dem gelben Unterpixel und dem grünen Unterpixel zugeführt werden.

2. Flüssigkristall-Anzeigevorrichtung nach Anspruch 1, wobei die mindestens einigen Graustufen aus allen Graustufen,
die durch das Pixel anzuzeigen sind, Zwischen-Graustufen von 60 % oder mehr von allen Graustufen sind.

3. Flüssigkristall-Anzeigevorrichtung nach Anspruch 1 oder 2, wobei die mindestens einigen Graustufen aus allen
Graustufen, die durch das Pixel anzuzeigen sind, keine Zwischen-Graustufen umfassen, welche einer normalisierten
Luminanz von 0,2 oder weniger entsprechen.

4. Flüssigkristall-Anzeigevorrichtung nach einem der Ansprüche 1 bis 3, wobei die Treiberschaltung (20) dafür geeignet
ist, Anzeigesignale derselben Grauskalastufe zuzuführen, wenn durch das Pixel die Grauskalastufe einer achro-
matischen Farbe anzuzeigen ist.

5. Flüssigkristall-Anzeigevorrichtung nach einem der Ansprüche 1 bis 4, wobei
das Flüssigkristall-Anzeigefeld (10) mehrere Abtastleitungen und mehrere Signalleitungen umfasst; und
wobei die Treiberschaltung (20) einen Gate-Treiber (41), der elektrisch mit den mehreren Abtastleitungen verbunden
ist, einen Source-Treiber (42), der elektrisch mit den mehreren Signalleitungen verbunden ist, und eine Zeitsteuerung
(30) umfasst, die dafür geeignet ist, dem Gate-Treiber (41) und dem Source-treiber (42) vorgegebene Signale
zuzuführen.

6. Flüssigkristall-Anzeigevorrichtung nach Anspruch 5, wobei die Zeitsteuerung (30) eine Signalumwandlungsschal-
tung (31) umfasst, welche dafür geeignet ist, ein Bildsignal, welches drei Primärfarben entspricht, in ein Multipri-
märsignal umzuwandeln, welches vier Primärfarben entspricht.

7. Flüssigkristall-Anzeigevorrichtung nach Anspruch 6, wobei die Zeitsteuerung ferner eine Testschaltung (32) umfasst,
welche dafür geeignet ist, einen Weißpunktabgleich durchzuführen.

Revendications

1. Dispositif d’affichage à cristaux liquides (100) comprenant :

un panneau à cristaux liquides (10) comprenant un pixel défini par une pluralité de sous-pixels, la pluralité de
sous-pixels étant un sous-pixel rouge pour afficher du rouge, un sous-pixel vert pour afficher du vert, un sous-
pixel bleu pour afficher du bleu et un sous-pixel jaune pour afficher du jaune ; et
un circuit de commande (20) conçu pour envoyer des signaux d’affichage à la pluralité de sous-pixels du
panneau à cristaux liquides,
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le circuit de commande (20) étant conçu pour envoyer des signaux d’un même niveau de gris à un premier
groupe de sous-pixels constitué de deux sous-pixels lorsque des couleurs achromatiques d’au moins certains
niveaux de gris parmi tous les niveaux de gris doivent être affichés par le pixel, ledit premier groupe de sous-
pixels de deux sous-pixels étant constitué du sous-pixel jaune et soit du sous-pixel rouge soit du sous-pixel
vert, respectivement, et
le circuit de commande (20) étant conçu pour envoyer des signaux d’un niveau de gris à un deuxième groupe
de sous-pixels constitué de deux sous-pixels lorsque des couleurs achromatiques d’au moins certains niveaux
de gris parmi tous les niveaux de gris doivent être affichés par le pixel, lesdits sous-pixels dudit deuxième
groupe de sous-pixels étant des sous-pixels différents des deux sous-pixels du premier groupe de sous-pixels
et étant constitué du sous-pixel bleu et soit du sous-pixel vert soit du sous-pixel rouge, respectivement et le
niveau de gris des signaux d’affichage envoyés au deuxième groupe de sous-pixels étant différent des signaux
d’affichage envoyés au premier groupe de sous-pixels ;

caractérisé en ce que
en ce qui concerne une couleur achromatique d’un niveau de gris intermédiaire donné parmi au moins certains
niveaux de gris affichés par le pixel, les coordonnées de chromaticité xy d’une couleur achromatique affichée par
le pixel en supposant que les signaux d’affichage du même niveau de gris que le niveau de gris intermédiaire donné
sont envoyés à l’ensemble de la pluralité de sous-pixels sont définies comme un point de chromaticité de référence ;
les coordonnées de chromaticité xy d’une couleur achromatique du niveau de gris le plus élevé affiché par le pixel
sont définies comme un point de chromaticité cible ; et une position du point de chromaticité de référence sur un
diagramme de chromaticité xy lorsque le niveau de gris du signal d’affichage envoyé au sous-pixel bleu est augmenté
ou diminué est définie comme un axe B ;
lorsque le point de chromaticité cible est situé au-dessus de l’axe B sur le diagramme de chromaticité xy, le premier
groupe de sous-pixels comprend en outre le sous-pixel rouge, le deuxième groupe de sous-pixels comprend en
outre le sous-pixel vert et le circuit de commande (20) est conçu pour envoyer un signal d’affichage d’un niveau de
gris inférieur au niveau de gris des signaux d’affichage envoyés au sous-pixel jaune, et le sous-pixel rouge au sous-
pixel bleu, et le circuit de commande (20) est en outre conçu pour envoyer un signal d’affichage d’un niveau de gris
supérieur au niveau de gris des signaux d’affichage envoyés au sous-pixel jaune et le sous-pixel rouge au sous-
pixel vert ; et
lorsque le point de chromaticité cible est situé en dessous de l’axe B sur le diagramme de chromaticité xy, le premier
groupe de sous-pixels comprend en outre le sous-pixel vert, le deuxième groupe de sous-pixels comprend en outre
le sous-pixel rouge et le circuit de commande (20) est conçu pour envoyer un signal d’affichage d’un niveau de gris
inférieur au niveau de gris des signaux d’affichage envoyés au sous-pixel jaune et le sous-pixel vert au sous-pixel
bleu et le circuit de commande (20) est en outre conçu pour envoyer un signal d’affichage d’un niveau de gris
supérieur au niveau de gris des signaux d’affichage envoyés au sous-pixel jaune et le sous-pixel vert au sous-pixel
rouge est un affichage.

2. Dispositif d’affichage à cristaux liquides selon la revendication 1, dans lequel les au moins certains niveaux de gris
parmi tous les niveaux de gris à afficher par le pixel sont des niveaux de gris intermédiaires de 60 % ou plus parmi
tous les niveaux de gris.

3. Dispositif d’affichage à cristaux liquides selon la revendication 1 ou 2, dans lequel les au moins certains niveaux
de gris parmi tous les niveaux de gris à afficher par le pixel ne comprennent aucun niveau de gris intermédiaire
correspondant à une luminance normalisée de 0,2 ou moins.

4. Dispositif d’affichage à cristaux liquides selon l’une des revendications 1 à 3, dans lequel le circuit de commande
(20) est conçu pour envoyer des signaux d’affichage du même niveau de gris lorsque le niveau de gris d’une couleur
achromatique doit être affiché par le pixel.

5. Dispositif d’affichage à cristaux liquides selon l’une des revendications 1 à 4, dans lequel
le panneau à cristaux liquides (10) comprend une pluralité de lignes de balayage et une pluralité de lignes de
signaux ; et
dans lequel le circuit de commande (20) comprend une commande de grille (41) connectée électriquement à la
pluralité de lignes de balayage, une commande de source (42) connectée électriquement à la pluralité de lignes de
signaux et un contrôleur de temporisation (30) conçu pour envoyer des signaux prédéterminés à la commande de
grille (41) et à la commande de source (42).

6. Dispositif d’affichage à cristaux liquides selon la revendication 5, dans lequel le contrôleur de temporisation (30)
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comprend un circuit de conversion de signaux (31) conçu pour convertir un signal d’image correspondant à trois
couleurs primaires en un signal multi-primaire correspondant à quatre couleurs primaires.

7. Dispositif d’affichage à cristaux liquides selon la revendication 6, dans lequel le contrôleur de temporisation (30)
comprend en outre un circuit de test (32) conçu pour effectuer un réglage de point blanc.
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根据本发明的液晶显示装置（100）包括液晶显示板（10）和向液晶显示
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级的显示信号。第一子像素组包括黄色子像素（Ye），第二子像素组包
括蓝色子像素（B）。根据本发明，提供一种白点调整技术，其适用于通
过使用四原色执行多色显示的多基色液晶显示装置。
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