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MULTIPLE-PRIMARY-COLOR LIQUID
CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention generally relates to a liquid
crystal display device and more particularly relates to a multi-
primary-color liquid crystal display device for conducting a
display operation using four or more primary colors.

BACKGROUND ART

[0002] Liquid crystal display devices are currently used in
a variety of applications. In a general display device, one
picture element consists of three pixels respectively repre-
senting red, green and blue, which are the three primary
colors of light, thereby conducting a display operation in
colors.

[0003] A conventional liquid crystal display device, how-
ever, can reproduce colors that fall within only a narrow range
(which is usually called a “color reproduction range”), which
is a problem. FIG. 81 shows the color reproduction range of a
conventional liquid crystal display device that conducts a
display operation using the three primary colors. Specifically,
FIG. 81 shows an xy chromaticity diagram according to the
XYZ color system, in which the triangle, formed by the three
points corresponding to the three primary colors of red, green
and blue, represents the color reproduction range. Also plot-
ted by crosses x in FIG. 81 are the colors of various objects
existing in Nature, which were disclosed by Pointer (see
Non-Patent Document No. 1). As can be seen from FIG. 81,
there are some object colors that do not fall within the color
reproduction range, and therefore, a liquid crystal display
device that conducts a display operation using the three pri-
mary colors cannot reproduce some object colors.

[0004] Thus, to broaden the color reproduction range of
liquid crystal display devices, a technique that increases the
number of primary colors used for display purposes to four or
more has recently been proposed. For example, Patent Docu-
ment No. 1 discloses a liquid crystal display device in which
one picture element P consists of six pixels R, G, B, Ye, C and
M representing the colors red, green, blue, yellow, cyan and
magenta, respectively, as shown in FIG. 82. The color repro-
duction range of such a liquid crystal display device is shown
in FIG. 83. As shown in FIG. 83, the color reproduction range,
represented by a hexagon of which the six vertices correspond
to those six primary colors, covers almost all object colors. By
increasing the number of primary colors for use in display in
this manner, the color reproduction range can be broadened.
[0005] Patent Document No. 1 also discloses a liquid crys-
tal display device in which one picture element consists of
four pixels representing the colors red, green, blue and yellow
and a liquid crystal display device in which one picture ele-
ment consists of five pixels representing the colors red, green,
blue, yellow and cyan. In any case, by using four or more
primary colors, the color reproduction range can be broad-
ened compared to conventional liquid crystal display devices
that use only the three primary colors for display purposes.
Such liquid crystal display devices that conduct a display
operation using four or more primary colors will be collec-
tively referred to herein as “multi-primary-color liquid crystal
display devices”.

[0006] In order to further improve the display quality of
such multi-primary-color liquid crystal display devices, other
techniques have recently been proposed. For example, Patent
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Document No. 2 discloses a technique for representing a
brighter color red by providing two pixels representing the
color red (i.e., first and second red pixels R1 and R2) for each
picture element P in a multi-primary-color liquid crystal dis-
play device as shown in FIG. 84.

[0007] Patent Document No. 1: PCT International Appli-
cation Japanese National Stage Publication No. 2004-
529396

[0008] Patent Document No. 2: Pamphlet of PCT Inter-
national Application Publication No. 2007-034770

[0009] Non-Patent Document No. 1: M. R. Pointer, “The
Gamut of Real Surface Colors,” Color Research and
Application, Vol. 5, No. 3, pp. 145-155 (1980)

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0010] A plurality of pixels of a multi-primary-color liquid
crystal display device include at least one pixel representing
a different primary color from the three primary colors, and
therefore, can form two or more different subsets, each of
which can represent the color white. For example, each set of
pixels of a multi-primary-color liquid crystal display device
that conducts a display operation using the six primary colors
of red, green, blue, yellow, cyan and magenta can form a
subset S1 consisting of red, green and blue pixels R, G and B
and a subset S2 consisting of cyan, magenta and yellow pixels
C, M and Ye as shown in FIG. 85. On the other hand, each set
of pixels of the multi-primary-color liquid crystal display
device disclosed in Patent Document No. 2 can form a subset
S1 consisting of first red, blue and yellow pixels R1, B and Ye
and a subset S2 consisting of second red, green and cyan
pixels R2, G and C as shown in FIG. 86. By using these two
different subsets S1 and S2 as display units, a display opera-
tion can be carried out with even higher resolution.

[0011] Nevertheless, since one of those two subsets S1 and
S2 consists of pixels representing different colors from those
of the pixels that form the other subset, the color white rep-
resented by one subset S1 does not exactly match the color
white represented by the other subset S2. For example, in a
situation where a white line is displayed by using the one
subset S1 as shown in FIG. 87(a) and in a situation where a
white line is displayed by using the other subset S2 as shown
in FIG. 87(b), the white lines will have mutually different
luminances, chromaticities and/or color temperatures.

[0012] To overcome such a problem, the present inventors
tentatively adjusted the luminance of the color white that was
displayed using one of the two subsets by lighting some ofthe
pixels included in the other subset at a predetermined lumi-
nance. For example, when a white line is displayed using the
subset S2, the first red and blue pixels R1 and B included in
the other subset S1 may be litat a predetermined luminance as
shown in FIG. 88. Then, the difference in luminance, chro-
maticity or color temperature between the two white lines
displayed by using the two subsets S1 and S2 would be
reduced.

[0013] Nevertheless, as can be seen from FIG. 88, if the first
red and blue pixels R1 and B, included in the subset S1, were
lit, then the white line displayed by the subset S2 would seem
to have an increased width. As a result, the resolution would
decrease and the display operation could not be carried out
smoothly and with high definition.
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[0014] It is therefore an object of the present invention to
get a display operation done more smoothly and with higher
definition by a multi-primary-color liquid crystal display
device.

Means for Solving the Problems

[0015] A multi-primary-color liquid crystal display device
according to the present invention is adapted to conduct a
display operation in at least four primary colors. The device
has a plurality of pixels that form at least two different types
of subsets. The device can perform rendering processing in
which at least one of the plurality of pixels that form a first one
of'the at least two different types of subsets lends a luminance
to a second type of subset. Each of the plurality of pixels
includes a first subpixel and a second subpixel that could have
mutually different luminances. The second type of subset
borrows a luminance from one of the first and second subpix-
els of the at least one pixel that has the higher luminance.
[0016] In one preferred embodiment, the subpixel that has
the higher luminance in the at least one pixel and that lends a
luminance to the second type of subset is adjacent to the
second type of subset.

[0017] Inthis particular preferred embodiment, in dividing
each of the plurality of pixels into the first and second sub-
pixels, a pattern applied to a pixel representing a particular
primary color is different from a pattern applied to another
pixel.

[0018] Ina specific preferred embodiment, the pixel repre-
senting the particular primary color includes a subpixel that
lends a luminance to the second type of subset.

[0019] In another preferred embodiment, the first and sec-
ond subpixels have mutually different shapes, and a correla-
tion between the luminance ranking of the first and second
subpixels and the shapes of the first and second subpixels in
the pixel representing the particular primary color is different
from another pixel.

[0020] In this particular preferred embodiment, the pixel
representing the particular primary color includes the sub-
pixel that lends a luminance to the second type of subset.
[0021] Instill another preferred embodiment, a plurality of
subsets of the first type and a plurality of subsets of the second
type are arranged in matrix.

[0022] In a specific preferred embodiment, the first type of
subsets and the second type of subsets are arranged alter-
nately in a predetermined direction, and an arbitrary one of
the subsets of the second type borrows a luminance from one
ofthe two subsets of the first type that are adjacent to itself on
one and the other sides thereof, respectively, in the predeter-
mined direction.

[0023] In another specific preferred embodiment, the first
type of subsets and the second type of subsets are arranged
alternately in a predetermined direction, and an arbitrary one
of the subsets of the second type borrows a luminance from
both of the two subsets of the first type that are adjacent to
itself on one and the other sides thereof, respectively, in the
predetermined direction.

[0024] In still another preferred embodiment, each of the
plurality of pixels includes a liquid crystal layer and a plural-
ity of electrodes for applying an electric field to the liquid
crystal layer. The subsets of the first type and the subsets of
the second type are alternately arranged in a predetermined
direction. The pixels included in each said subset of the first
type and the pixels included in each said subset of the second
type are also arranged in the predetermined direction within
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their subset. The sum of the number of pixels included in each
said subset of the first type and that of pixels included in each
said subset of the second type is an even number. The direc-
tion of the electric field applied to the liquid crystal layer of
each said pixel inverts every two pixels in the predetermined
direction.

[0025] In yet another preferred embodiment, the at least
four primary colors include red, green and blue.

[0026] In this particular preferred embodiment, the at least
four primary colors further include yellow and cyan.

[0027] In a specific preferred embodiment, one of the first
and second types of subsets includes a first red pixel repre-
senting the color red, a blue pixel representing the color blue,
and a yellow pixel representing the color yellow, while the
other type of subset includes a second red pixel representing
the color red, a green pixel representing the color green, and
a cyan pixel representing the color cyan.

[0028] In an alternative preferred embodiment, one of the
first and second types of subsets includes a red pixel repre-
senting the color red, a green pixel representing the color
green, and a cyan pixel representing the color cyan, while the
other type of subset includes a blue pixel representing the
color blue and a yellow pixel representing the color yellow.
[0029] In another preferred embodiment, the at least four
primary colors further include magenta.

[0030] In this particular preferred embodiment, one of the
first and second types of subsets includes a red pixel repre-
senting the color red, a green pixel representing the color
green, and a blue pixel representing the color blue, while the
other type of subset includes a cyan pixel representing the
color cyan, a magenta pixel representing the color magenta,
and a yellow pixel representing the color yellow.

[0031] In yetanother preferred embodiment, the rendering
processing is carried out so that a difference in luminance,
chromaticity and/or color temperature between respective
colors white represented by the first and second types of
subsets decreases compared to a situation where the render-
ing processing is not carried out.

EFFECTS OF THE INVENTION

[0032] A multi-primary-color liquid crystal display device
according to the present invention has a plurality of pixels that
are classified into at least two different types of subsets, and
can perform rendering processing in which at least one of the
pixels that form a first type of subset lends a luminance to a
second type of subset. As a result, the difference in luminance,
chromaticity and/or color temperature between the respective
colors white represented by the first and second types of
subsets can be narrowed. Also, in the multi-primary-color
liquid crystal display device of the present invention, each
pixel includes first and second subpixels that could have
mutually different luminances, and the second type of subset
borrows a luminance from one of the first and second subpix-
els that has the higher luminance. That is to say, in the multi-
primary-color liquid crystal display device of the present
invention, a luminance is lent and borrowed on a subpixel-
by-subpixel basis. Consequently, the device of the present
invention can get a display operation done more smoothly and
with higher definition than a conventional device.

BRIEF DESCRIPTION OF DRAWINGS

[0033] FIG. 1 illustrates a pixel arrangement for a multi-
primary-color liquid crystal display device 100 as a preferred
embodiment of the present invention.
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[0034] FIG. 2 illustrates the pixel arrangement for the
multi-primary-color liquid crystal display device 100 as the
preferred embodiment of the present invention.

[0035] FIG. 3 illustrates an exemplary specific pixel struc-
ture for the multi-primary-color liquid crystal display device
100.

[0036] FIG. 4 illustrates another exemplary specific pixel
structure for the multi-primary-color liquid crystal display
device 100.

[0037] FIG.5isa graph showing how the luminances of the
first and second subpixels of each pixel change with the
voltage in the multi-primary-color liquid crystal display
device 100.

[0038] FIG. 6 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 100.

[0039] FIG. 7 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 100.

[0040] FIG. 8 is a graph showing how the Y (luminance)
values of the colors white represented by subsets S1 and S2
change before and after rendering processing (i.e., lending
and borrowing a luminance) is carried out.

[0041] FIG. 9 is a graph showing how the xy chromaticity
values of the colors white represented by subsets S1 and S2
change before and after rendering processing (i.e., lending
and borrowing a luminance) is carried out.

[0042] FIG. 10 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 7.

[0043] FIG. 11 schematically illustrates how to lend and
borrow a luminance in a multi-primary-color liquid crystal
display device, of which no pixel is divided into multiple
subpixels.

[0044] FIG. 12 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 10.

[0045] FIG. 13 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 100.

[0046] FIG. 14 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 13.

[0047] FIG. 15 illustrates the contour of a white line to be
seen in the lighting state shown in FIG. 12.

[0048] FIG. 16 illustrates the contour of a white line to be
seen in the lighting state shown in FIG. 10.

[0049] FIG. 17 illustrates the contour of a white line to be
seen in the lighting state shown in FIG. 14.

[0050] FIG. 18 illustrates, in combination, the contours O1
and O2 shown in FIGS. 15 and 16.

[0051] FIG. 19 illustrates, in combination, the contours O1
and O3 shown in FIGS. 15 and 17.

[0052] FIG. 20 illustrates a pixel arrangement for a multi-
primary-color liquid crystal display device 200 as another
preferred embodiment of the present invention.

[0053] FIG. 21 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 200.

[0054] FIG. 22 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 200.

[0055] FIG. 23 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 22.
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[0056] FIG. 24 schematically illustrates how to lend and
borrow a luminance in a multi-primary-color liquid crystal
display device, of which no pixel is divided into multiple
subpixels.

[0057] FIG. 25 illustrates what pixels are lit by lending and
borrowing a luminance as shown in FIG. 24.

[0058] FIG. 26 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 200.

[0059] FIG. 27 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 200.

[0060] FIG. 28 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 27.

[0061] FIG. 29 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 200.

[0062] FIG. 30 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 29.

[0063] FIG. 31 illustrates the contour of a white line to be
seen in the lighting state shown in FIG. 25.

[0064] FIG. 32 illustrates the contour of a white line to be
seen in the lighting state shown in FIG. 28.

[0065] FIG. 33 illustrates the contour of a white line to be
seen in the lighting state shown in FIG. 30.

[0066] FIG. 34 illustrates, in combination, the contours O4
and OS5 shown in FIGS. 31 and 32.

[0067] FIG. 35 illustrates, in combination, the contours O4
and O6 shown in FIGS. 31 and 33.

[0068] FIG. 36 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 200.

[0069] FIG. 37 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 200.

[0070] FIG. 38 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 37.

[0071] FIG. 39 is a graph showing how the Y (luminance)
values of respective colors white represented by subsets S1
and S2 change before and after the rendering processing (in
which a luminance is lent and borrowed) is performed as
shown in FIG. 37.

[0072] FIGS. 40(a) through (f) illustrate exemplary divi-
sion patterns for respective pixels.

[0073] FIG. 41 illustrates what should be taken into con-
sideration when the relative positions of a luminance-lending
bright subpixel and a luminance-borrowing subset are deter-
mined.

[0074] FIG. 42 illustrates a pixel arrangement for a multi-
primary-color liquid crystal display device 300 as still
another preferred embodiment of the present invention.
[0075] FIG. 43 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 300.

[0076] FIG. 44 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 300.

[0077] FIG. 45 is a graph showing how the Y (luminance)
values of respective colors white represented by subsets S1
and S2 change before and after the rendering processing (in
which a luminance is lent and borrowed) is performed as
shown in FIG. 44.

[0078] FIG. 46 is a graph showing how the xy chromaticity
values of respective colors white represented by subsets S1
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and S2 change before and after the rendering processing (in
which a luminance is lent and borrowed) is performed as
shown in FIG. 44.

[0079] FIG. 47 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 44.

[0080] FIG. 48 schematically illustrates how to lend and
borrow a luminance in a multi-primary-color liquid crystal
display device, of which no pixel is divided into multiple
subpixels.

[0081] FIG. 49 illustrates what pixels are lit by lending and
borrowing a luminance as shown in FIG. 48.

[0082] FIG. 50 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 300.

[0083] FIG. 51 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 50.

[0084] FIG. 52 illustrates a pixel arrangement for a multi-
primary-color liquid crystal display device 400 as yet another
preferred embodiment of the present invention.

[0085] FIGS. 53(a) and 53() schematically illustrate how
to lend and borrow a luminance in the multi-primary-color
liquid crystal display device 400.

[0086] FIG. 54 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 400.

[0087] FIG. 55 is a graph showing how the Y (luminance)
values of respective colors white represented by subsets S1
and S2 change before and after the rendering processing (in
which a luminance is lent and borrowed) is performed as
shown in FIG. 54.

[0088] FIG. 56 is a graph showing how the xy chromaticity
values of respective colors white represented by subsets S1
and S2 change before and after the rendering processing (in
which a luminance is lent and borrowed) is performed as
shown in FIG. 54.

[0089] FIG. 57 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 54.

[0090] FIG. 58 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 54.

[0091] FIG. 59 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 400.

[0092] FIG. 60 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 59.

[0093] FIG. 61 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 59.

[0094] FIG. 62 illustrates a pixel arrangement for a multi-
primary-color liquid crystal display device 500 as yet another
preferred embodiment of the present invention.

[0095] FIG. 63 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 500.

[0096] FIG. 64 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 63.

[0097] FIG. 65 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 63.

[0098] FIG. 66 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 500.

[0099] FIG. 67 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 66.

[0100] FIG. 68 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 66.
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[0101] FIG. 69 illustrates a pixel arrangement for a multi-
primary-color liquid crystal display device 600 as yet another
preferred embodiment of the present invention.

[0102] FIG. 70 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 600.

[0103] FIG. 71 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 600.

[0104] FIG. 72 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 71.

[0105] FIG. 73 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 600.

[0106] FIG. 74 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 600.

[0107] FIG. 75 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 74.

[0108] FIG. 76 indicates the directions of an electric field
applied to the liquid crystal layer of each pixel when a dot
inversion drive is carried out in the multi-primary-color liquid
crystal display device 600.

[0109] FIG. 77 indicates the directions of an electric field
applied to the liquid crystal layer of each pixel when a two-
source-line inversion drive is carried out in the multi-primary-
color liquid crystal display device 600.

[0110] FIG. 78 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 600.

[0111] FIG. 79 schematically illustrates how to lend and
borrow a luminance in the multi-primary-color liquid crystal
display device 600.

[0112] FIG. 80 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 79.

[0113] FIG. 81 shows the color reproduction range of a
conventional liquid crystal display device that conducts a
display operation using the three primary colors.

[0114] FIG. 82 schematically illustrates a conventional
multi-primary-color liquid crystal display device.

[0115] FIG. 83 shows the color reproduction range of the
multi-primary-color liquid crystal display device shown in
FIG. 82.

[0116] FIG. 84 schematically illustrates another conven-
tional multi-primary-color liquid crystal display device.
[0117] FIG. 85 illustrates two different types of subsets
formed by multiple pixels in the conventional multi-primary-
color liquid crystal display device shown in FIG. 82.

[0118] FIG. 86 illustrates two different types of subsets
formed by multiple pixels in the conventional multi-primary-
color liquid crystal display device shown in FIG. 84.

[0119] FIG. 87(a) illustrates a situation where a white line
is displayed using one of the two different types of subsets and
FIG. 87(b) illustrates a situation where a white line is dis-
played using the other type of subset.

[0120] FIG. 88 illustrates a situation where when a white
line is displayed using one type of subset, some pixels in the
other type of subset are lit as supplementary pixels at a pre-
determined luminance.

DESCRIPTION OF REFERENCE NUMERALS

[0121] R red pixel
[0122] R1 first red subpixel
[0123] R2 second red subpixel
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[0124] G green subpixel

[0125] B blue subpixel

[0126] C cyan subpixel

[0127] M magenta subpixel

[0128] Ye yellow subpixel

[0129] S1, S2 subset

[0130] 10 pixel

[0131] 10aq first subpixel

[0132] 1054 second subpixel

[0133] 12 scan line

[0134] 14, 14a, 145 signal line

[0135] 164,166 TFT

[0136] 18a, 185 subpixel electrode
[0137] 22a, 22b storage capacitor
[0138] 24a, 245 storage capacitor line
[0139] 100, 200, 300 multi-primary-color liquid crystal

display device
[0140] 400, 500, 600 multi-primary-color liquid crystal
display device

BEST MODE FOR CARRYING OUT THE
INVENTION

[0141] Hereinafter, preferred embodiments of the present
invention will be described with reference to the accompany-
ing drawings. However, the present invention is in no way
limited to the specific preferred embodiments to be described
below but is broadly applicable to any multi-primary-color
liquid crystal display device in general as long as the device
carries out a display operation in four or more primary colors.

Embodiment 1

[0142] FIG. 1 illustrates a pixel arrangement for a multi-
primary-color liquid crystal display device 100 (which will be
simply referred to herein as an “LCD 100). As Shown in
FIG. 1, the LCD 100 includes first and second red pixels R1
and R2 representing the color red, a green pixel G represent-
ing the color green, a blue pixel B representing the color blue,
a yellow pixel Ye representing the color yellow, and a cyan
pixel C representing the color cyan. These pixels are arranged
in columns and rows to form a matrix pattern. More specifi-
cally, rows of pixels, in each of which the first red, yellow and
blue pixels R1, Ye and B are arranged cyclically, and rows of
pixels, in each of which the second red, green and cyan pixels
R2, G and C are arranged cyclically, are alternately arranged
in the column direction. Each pixel includes a liquid crystal
layer and a plurality of electrodes for applying an electric field
to the liquid crystal layer.

[0143] As shown in FIG. 1, the LCD 100 can conduct a
display operation using these six pixels, namely, the first and
second red pixels R1 and R2, the green pixel G, the blue pixel
B, the yellow pixel Ye and the cyan pixel C, as the minimum
unit of color display (i.e., as a single picture element P). This
LCD 100 uses a larger number of primary colors for display
purposes than a normal LCD that conducts a display opera-
tion in the three primary colors, and therefore, realizes a
broader color reproduction range and can display any of
various object colors inclusively. On top of that, the LCD 100
includes the first and second red pixels R1 and R2 represent-
ing the color(s) red, and therefore, can represent a bright color
red as disclosed in Patent Document No. 2. It should be noted
that the colors red represented by the first and second red
subpixels R1 and R2 could be either different from each other
or identical with each other.
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[0144] Also, as shown in FIG. 2, the pixels of the LCD 100
can form two different types of subsets S1 and S2, each of
which can represents the color white. One S1 of the two
different types of subsets includes the first red, yellow and
blue pixels R1, Ye and B, while the other type of subset S2
includes the second red, green and cyan pixels R2, G and C.
A plurality of subsets of the first type S1 and a plurality of
subsets of the second type S2 are arranged in matrix. Specifi-
cally, a plurality of subsets of either the first type S1 or the
second type S2 are arranged in the row direction, while the
first and second types of subsets S1 and S2 are arranged
alternately in the column direction. In this manner, as mul-
tiple pixels can form first and second types of subsets S1 and
S2, the LCD 100 can conduct a display operation with even
higher resolution by using those subsets S1 and S2 as display
units.

[0145] Nevertheless, the color white represented by the
subset S1 does not exactly match the color white represented
by the subset S2. That is why in representing the color white
using one of the two different types of subsets S1 and S2, the
LCD 100 of this preferred embodiment lights at least one of
the pixels included in the other type of subset. In this manner,
if any of the pixels that form one type of subset (which will be
referred to herein as a “first type of subset” for convenience
sake) is lit as a supplementary pixel when the other type of
subset (which will be referred to herein as a “second type of
subset” for convenience sake) displays the color white, then
such an act will be referred herein as “the pixel of the first type
of subset lending a luminance to the second type of subset” or
“the second type of subset borrowing a luminance from the
pixel of the first type of subset”. The LCD 100 of this pre-
ferred embodiment carries out such rendering processing so
that at least one of the pixels included in one of the two
different types of subsets S1 and S2 (which will be referred to
herein as a “first type of subset”) lends a luminance to the
other type of subset (which will be referred to herein as a
“second type of subset™). As a result, the difference in lumi-
nance, chromaticity and/or color temperature between the
respective colors white represented by those two types of
subsets can be reduced.

[0146] If the rendering processing described above were
simply performed, the resolution would decrease as already
described with reference to FIG. 88. The LCD 100 of this
preferred embodiment, however, has a special type of
arrangement to be described below, and therefore, can mini-
mize the decrease in resolution even if the rendering process-
ing described above is performed.

[0147] FIG. 3 illustrates a specific structure for each pixel
10 ofthe LCD 100. As shown in FIG. 3, each pixel 10 includes
first and second subpixels 10a and 105, which can have mutu-
ally different luminances. That is to say, each pixel 10 can be
driven so that when a certain grayscale is displayed, mutually
different voltages are applied to respective portions of the
liquid crystal layer for the first and second subpixels 10a and
105. It should be noted that the number of subpixels that a
single pixel 10 has (which will also be referred to herein as “a
pixel division number”) does not have to be two. Optionally,
athird subpixel (not shown), to which a different voltage from
the one for the first or second subpixel 10a, 105 can be
applied, may be further provided.

[0148] If each pixel 10 is divided into multiple subpixels
104, 105 that can have mutually different luminances, then a
mixture of multiple different y characteristics will be
observed. As a result, the viewing angle dependence of the y
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characteristic (which is a phenomenon that the characteristic
when the screen is viewed straight from in front of the panel
is different from the one when the screen is viewed obliquely)
can be reduced. Since the y characteristic represents the
degree of grayscale dependence of the luminance displayed,
the variation in y characteristic according to whether the
viewing direction is straight or oblique means that the gray-
scale display state will also vary according to the viewing
direction. Such a technique for reducing the viewing angle
dependence of the y characteristic by dividing a single pixel
into multiple subpixels is called a “multi-pixel drive” and
disclosed in Japanese Patent Application Laid-Open Publica-
tion No. 2004-62146, for example.

[0149] To apply effective voltages of mutually different
amplitudes to respective portions of the liquid crystal layer
for the first and second subpixels 10a and 105, any of various
structures as disclosed in not only Japanese Patent Applica-
tion Laid-Open Publication No. 2004-62146 mentioned
above but also Japanese Patent Application Laid-Open Pub-
lications Nos. 2006-39130, 2006-201764, 2007-226242 and
so on could be used.

[0150] For example, the arrangement shown in FIG. 3 may
be adopted. In a conventional LCD, a single pixel has only
one pixel electrode that is connected to a signal line via a
switching element (such as a TFT). On the other hand, the
single pixel 10 shown in FIG. 3 includes two subpixel elec-
trodes 18a and 185 that are connected to two different signal
lines 14a and 145 via their associated TFTs 16a and 165,
respectively.

[0151] As the first and second subpixels 10a and 1056 form
one pixel 10, the respective gates of the TFTs 164 and 165 are
connected in common to the same scan line (gate line) 12 and
have their ON and OFF states controlled in response to the
same scan signal. On the other hand, signal voltages (i.e.,
grayscale voltages) are supplied onto the signal lines (source
lines) 14a and 14b so that the first and second subpixels 10a
and 1056 have mutually different luminances.

[0152] Alternatively, the arrangement shown in FIG. 4 may
also be adopted. In the arrangement shown in FIG. 4, the
respective source electrodes of the TFTs 16a and 165 are
connected in common to the same signal line 14. Also, storage
capacitors (CS) 22a and 224 are provided for the first and
second subpixels 10a and 105, respectively, and connected to
storage capacitor lines (CS lines) 24a and 244, respectively.
Each of these storage capacitors 22a and 22b consists of a
storage capacitor electrode that is electrically connected to
the subpixel electrode 18a or 185, a storage capacitor counter
electrode that is electrically connected to the storage capaci-
tor line 24a or 24b, and an insulating layer interposed
between them (none of those members are shown in FIG. 4).
The storage capacitor counter electrodes of the storage
capacitors 22a and 225 are independent of each other and are
designed so as to be supplied with mutually different voltages
(which will be referred to herein as “storage capacitor counter
voltages™) through the storage capacitor lines 24a and 244,
respectively. By changing the storage capacitor counter volt-
ages applied to the storage capacitor counter electrodes,
mutually different effective voltages can be applied to respec-
tive portions of the liquid crystal layer for the first and second
subpixels 10a and 105 by utilizing capacitance division.

[0153] In the arrangement illustrated in FIG. 3, mutually
independent TFTs 16a and 165 are connected to the first and
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second subpixels 10a and 105, respectively, and have their
source electrode connected to their associated signal lines
14a and 14b, respectively. That is why arbitrary effective
voltages can be applied to the respective portions of the liquid
crystal layer for the subpixels 10a and 1056. However, the
number of signal lines 144, 145 to be provided and the num-
ber of signal line drivers to be provided both need to be
doubled compared to a conventional LCD.

[0154] On the other hand, if the arrangement shown in FI1G.
4 is adopted, there is no need to apply mutually different
signal voltages to the subpixel electrodes 18a and 1854, and
therefore, the TFTs 164 and 165 may be connected in com-
mon to the same signal line 14 and may be supplied with the
same signal voltage. That is why this LCD may have the same
number of signal lines 14, and a signal line driver with the
same configuration, as the conventional LCD.

[0155] FIG. 5 shows how the luminances of the first and
second subpixels 10a and 105 change with the voltage (which
is a signal voltage applied to the subpixel electrodes 18a and
18b) in a situation where the arrangement shown in FIG. 4 is
adopted. As can be seen from FIG. 5, even though the same
voltage is applied to the two subpixels, one subpixel has a
higher luminance than the other. In the following description,
the one subpixel with the higher luminance will be referred to
herein as a “bright subpixel” and the other subpixel with the
lower luminance a “dark subpixel”.

[0156] When the LCD 100 of this preferred embodiment
performs rendering processing, the subset to be a luminance
borrower (i.e., the second type of subset) borrows a lumi-
nance from the bright subpixel of a pixel included in the
subset to be a luminance lender (i.e., the first type of subset).
That s to say, the pixel in the first type of subset does not lend
a luminance by lighting itself entirely but lends a luminance
ona subpixel-by-subpixel basis by lighting only one of its two
subpixels (i.e., the bright subpixel).

[0157] FIGS. 6 and 7 schematically illustrate how to lend
and borrow a luminance in that way. In the examples illus-
trated in FIGS. 6 and 7, the bright subpixel of each pixel is
identified by “H” and the dark subpixel thereof by “L”. To
minimize a flicker on the screen, the luminance ranking of
subpixels (i.e., the order of magnitudes of their luminance) is
preferably shuffled as randomly as possible. To realize an
ideal display condition, most preferred is an arrangement in
which no subpixels of the same luminance rank are adjacent
to each other in the column or row direction. That is to say,
such subpixels of the same luminance rank are preferably
arranged in a checkerboard pattern as shown in FIGS. 6 and 7.

[0158] In the LCD 100 of this preferred embodiment, the
subset S2 borrows a luminance from the respective bright
subpixels of the first red pixel R1 and the blue pixel B
included in the subset S1 as indicated by the shadowed arrows
in FIGS. 6 and 7. The following Tables 1 and 2 and FIGS. 8
and 9 show how the Y values and xy chromaticity values of
respective pixels and the Y values (i.e., luminance values), xy
chromaticity values and color temperatures of the colors
white represented by the subsets S1 and S2 change before and
after the rendering processing described above is carried out.
TheY values shown are relative values with the sum of the Y
values of the two subsets supposed to be 100%.
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subpixels on the rows L1 and L3 are lit so that the rendering

TABLE 1 processing for lending a luminance is carried out on a sub-
pixel-by-subpixel basis.
Bef . . .
rei;er:: [0162] For the purpose of comparison, it will be described
ing Y X y YW x(w)  yw) Te(w)K what pixels are lit in a situation where the rendering process-
ing is carried out on a multi-primary-color liquid crystal
S1 %el 43'? 8'222; 8‘222 560 03340 02715 5360 display device in which no pixel is divided into multiple
B 50 0.1471  0.0502 subpixels. For example, if the rendering processing in which
S2 R2 7.9 0.6581 03219 440 02842 03714 7529 each subset S2 borrows a luminance from the first red pixel
G 213 02521 0.6579 R1 and the blue pixel B of its associated subset S1 has been
¢ 148 0152 0.2404 carried out as shown in FIG. 11, lighted pixels will be as
total  100.0 100.0 shown in FIG. 12. As can be seen from FIG. 12, not only all
pixels in each subset S2 on the row L2 but also some pixels on
the row L1 are lit, and the rendering processing for lending a
TABLE 2
After
rendering Y X y Y(w) x(w) y(w) Te(w)/K
S1 Rl 2.8(35%) 0.6581 03219 50.0 0.3224 02885 6189
Ye 43.1 04637  0.5248
B 4.2(83%) 0.1471 0.0502
2 (B) 0.85(17%) 01471 0.0502 500 03083 03302 5514
R2 7.9 0.6581  0.3219
G 21.3 02521  0.6579
C 14.8 0.152 02404
(R1) 5.1(65%)  0.6581 0.3219
total 100.0 100.0
[0159] Before the rendering processing is carried out, the luminance has been carried out on a pixel-by-pixel basis. And

luminances, chromaticity values and color temperatures of
the colors white represented by the subsets S1 and S2 are
quite different from each other as can be seen from Table 1
and FIGS. 8 and 9. However, after the rendering processing
has been carried out (the first red pixel R1 and the blue pixel
B of the subset S1 respectively lend 65% and 17% of their
own luminance to the subset S2 as can be seen from Table 2),
the luminances of the colors white represented by the subsets
S1 and S2 exactly agree with each other and their differences
in chromaticity and color temperature have also decreased as
can be seen from Table 2 and FIGS. 8 and 9.

[0160] In this manner, by carrying out the rendering pro-
cessing, the differences in luminance, chromaticity and color
temperature between the respective colors white represented
by the two different types of subsets S1 and S2 can be nar-
rowed. In the example described above, the difference in
luminance between the colors white is supposed to be
decreased first and foremost by carrying out the rendering
processing. However, a higher priority can be given to the
difference in chromaticity or color temperature instead. In
any case, all of those differences in luminance, chromaticity
and color temperature between the subsets can be narrowed
by carrying out the rendering processing.

[0161] Next, it will be described with reference to FIG. 10
what subpixels are lit as a result of the rendering processing.
Specifically, FIG. 10 illustrates what subpixels need to be lit
to display a horizontal white line on a black background using
the subsets S2. In FIG. 10, the open rectangles represent
lighted subpixels (i.e., subpixels in non-black display state),
while the shadowed rectangles represent non-lighted subpix-
els (i.e., in black display state). As can be seen from FIG. 10,
not only entire pixels (i.e., both of their first and second
subpixels) in each subset S2 on the row L2 but also some

comparing FIGS. 10 and 12 to each other, it can be seen easily
that the white line displayed can look thinner, and the display
operation can get done more smoothly and with higher defi-
nition, by lending and borrowing a luminance on a subpixel-
by-subpixel basis as is done in this preferred embodiment.

[0163] Inthe example illustrated in FIG. 7, the bright sub-
pixels of each pair of first red and blue pixels R1 and B that
lend their luminance are both adjacent to its associated subset
S2. In other words, to borrow a luminance from adjacent
bright subpixels, each subset S2 chooses either the subset S1
that is adjacent to the subset S2 on one side in the column
direction or the subset S1 that is adjacent to the subset S2 on
the other side in the column direction. For example, some
subsets S2 on the row L2 (such as the leftmost and third
leftmost subsets S2) borrow a luminance from the subsets S1
on the lower row L3, while the other subsets S2 on the same
row L2 (such as the second leftmost and rightmost subsets S2)
borrow a luminance from the subsets S1 on the upper row L1.
To get a display operation done more smoothly and with
higher definition, the bright subpixels that lend their lumi-
nance are preferably adjacent to each subset of the second
type (i.e., each subset of the second type preferably borrows
a luminance from its adjacent bright subpixels).

[0164] Nevertheless, the second type of subset (i.e., a sub-
set to be a luminance borrower) does not always have to
borrow a luminance from its adjacent bright subpixels as
shown in FIG. 13. In the example illustrated in FIG. 13, each
subset S2 on the row L2 always borrows a luminance from the
bright subpixels of its associated subset S1 on the row L1.
That is why some subsets S2 (i.e., the second leftmost and
rightmost subsets S2) on the row L2 borrow a luminance from
their adjacent bright subpixels but the other subsets S2 (i.e.,
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the leftmost and third leftmost subsets S2) on the same row .2
borrow a luminance from bright subpixels that are not adja-
cent to themselves.

[0165] FIG. 14 illustrates what subpixels will be lit when a
luminance is lent and borrowed as shown in FIG. 13. As can
be seen from FIG. 14, not only entire pixels (i.e., both of their
first and second subpixels) in each subset S2 on the row .2 but
also some subpixels in each subset S1 on the row L1 are lit,
and therefore, the rendering processing for lending a lumi-
nance has also been carried out on a subpixel-by-subpixel
basis. However, unlike the situation shown in FIG. 10, the
lighted subpixels in the subsets S1 include not only ones
adjacent to any of the subsets S2 but also ones that are not
adjacent to any subset S2. Nevertheless, even if a luminance
is lent and borrowed as shown in FIGS. 13 and 14, the
decrease in resolution can still be less significant than a situ-
ation where a luminance is lent and borrowed on a pixel-by-
pixel basis as shown in FIGS. 11 and 12.

[0166] Such an effect of minimizing the decrease in reso-
lution will be described more specifically with reference to
FIGS. 15 through 19. FIGS. 15, 16 and 17 illustrate the
contours of the white line to be seen in the lighting states
shown in FIGS. 12, 10 and 14, respectively. On the other
hand, FIG. 18 illustrates, in combination, the contours O1 and
02 that are shown in FIGS. 15 and 16, respectively, while
FIG. 19 illustrates, in combination, the contours O1 and O3
that are shown in FIGS. 15 and 17, respectively. FIGS. 15
through 19 also show the centerline of the row L.2.

[0167] Comparing the results shown in FIGS. 15 and 16 to
each other by reference to FIG. 18, it can be seen that the
white line displayed looks thinner by lending and borrowing
a luminance on a subpixel-by-subpixel basis rather than by
doing that on a pixel-by-pixel basis. The same can be said
even if the results shown in FIGS. 15 and 17 are compared to
each other by reference to FIG. 19. Consequently, by carrying
out the rendering processing on a subpixel-by-subpixel basis,
the decrease in resolution can be much less significant, and
the display operation can get done far more smoothly and
with much higher definition, compared to a situation where
the rendering processing is carried out on a pixel-by-pixel
basis.

[0168] In addition, comparing the results shown in FIGS.
16 and 17 or the ones shown in FIGS. 18 and 19 to each other,
it can also be seen that if every bright subpixel to be lumi-
nance lender is adjacent to the subset S2 to be a luminance
borrower, not just can the white line displayed look thinner
but also can a sufficient degree of symmetry be kept with
respect to the centerline. That is to say, the bright subpixel to
be a luminance lender is preferably one of the first and second
subpixels of a pixel in each subset of the first type (i.e., a
subset including the bright subpixel to be a luminance lender)
that is located closer (i.e., adjacent) to its associated subset of
the second type (i.e., a subset to be luminance borrower).

Embodiment 2

[0169] FIG. 20 illustrates a pixel arrangement for an LCD
(multi-primary-color liquid crystal display device) 200 as a
second specific preferred embodiment of the present inven-
tion. Just like the LCD 100 shown in FIG. 1, the LCD 200
includes first and second red pixels R1, R2, green pixels G,
blue pixels B, yellow pixels Ye, and cyan pixels C.

[0170] Inthe LCD 200, however, the first red, yellow, blue,
second red, green and cyan pixels R1, Ye, B, R2, G and C are
arranged cyclically within the same row so that the subsets S1
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and S2 alternate with each other in the row direction. That is
why even though a luminance is lent and borrowed between
two subsets that are adjacent to each other in the column
direction in the LCD 100, a luminance is lent and borrowed
between two subsets that are adjacent to each other in the row
direction in this LCD 200.

[0171] FIGS. 21 and 22 schematically illustrate how to lend
and borrow a luminance in this LCD 200. First of all, please
note that the shape of the subpixels that each pixel has in this
LCD 200 is different from that of the LCD 100. Specifically,
although each pixel is split in the LCD 100 into two rectan-
gular subpixels, each pixel is divided in this LCD 200 into an
isosceles triangular subpixel, of which the base is defined by
one of the two longer sides ofthe pixel, and a subpixel formed
by the rest of the pixel (i.e., consisting of two right triangle).
In this preferred embodiment, a display operation is con-
ducted by using the former subpixel as a bright subpixel
(identified by “H” in FIG. 21) and the latter subpixels as dark
subpixels (identified by “L” in FIG. 21).

[0172] Asshown in FIGS. 21 and 22, the subset S2 borrows
a luminance from the respective bright subpixels of the first
red pixel R1 and the blue pixel B that are included in subsets
S1. More specifically, the subset S2 borrows a luminance
from not only the bright subpixel of the first red pixel R1
belonging to the subset S1 on its right hand side but also the
bright subpixel of the blue pixel B belonging to the subset S1
on its left hand side. In the LCD 100 of the first preferred
embodiment, an arbitrary subset of the second type borrows a
luminance from one of the two subsets of the first type that are
adjacent to itself in one and the other sides thereof in a
predetermined direction. On the other hand, in the LCD 200
of this preferred embodiment, an arbitrary subset of the sec-
ond type borrows a luminance from both of the two subsets of
the first type that are adjacent to itself in one and the other
sides thereof in another predetermined direction.

[0173] FIG. 23 illustrates what subpixels need to be lit to
display a vertical white line on a black background using the
subsets S2. As can be seen from FIG. 23, not only entire pixels
(i.e., both of their first and second subpixels) in each subset S2
on the column C3 but also some subpixels on the columns C2
and C4 are lit so that the rendering processing for lending a
luminance is carried out on a subpixel-by-subpixel basis.
[0174] For the purpose of comparison, it will be described
what pixels are lit in a situation where the rendering process-
ing is carried out on a multi-primary-color liquid crystal
display device in which no pixel is divided into multiple
subpixels. For example, if the rendering processing in which
each subset S2 borrows a luminance from the first red pixel
R1 and the blue pixel B of its associated subsets S1 has been
carried out as shown in FIG. 24, lighted pixels will be as
shown in FIG. 25. As can be seen from FIG. 25, not only all
pixels in each subset S2 on the column C3 but also some
pixels on the columns C2 and C4 are lit, and the rendering
processing for lending a luminance has been carried out on a
pixel-by-pixel basis. And comparing FIGS. 23 and 25 to each
other, it can be seen easily that the white line displayed can
look thinner, and the display operation can get done more
smoothly and with higher definition, by lending and borrow-
ing a luminance on a subpixel-by-subpixel basis as is done in
this preferred embodiment.

[0175] Also, in the example illustrated in FIG. 22, each of
the respective luminance-lending bright subpixels of the first
red and blue pixels R1 and B is adjacent to its associated
subset S2. Furthermore, as for, the blue pixel B, its division
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pattern (i.e., a pattern that divides each pixel into multiple
subpixels) is horizontally inverted compared to that of a pixel
in any other color so that its bright subpixel is adjacent (i.e.,
located closer than its dark subpixels) to the subset S2.
According to the division pattern adopted, it could sometimes
be difficult to make every luminance-lending bright subpixel
adjacent to a subset of the second type (i.e., a subset to be a
luminance borrower). However, if mutually different division
patterns are adopted for a pixel representing a particular pri-
mary color (e.g., a pixel including a luminance-lending sub-
pixel) and for the other pixels, respectively, every luminance-
lending bright subpixel can be adjacent to a subset of the
second type.

[0176] Optionally, instead of inverting the division pattern
of the blue pixel B, the bright and dark subpixels could be
interchanged with each other only for the blue pixel B as
shown in FIGS. 26 and 27. In this manner, even if the corre-
lation between the luminance ranking and the mutually dif-
ferent shapes of multiple subpixels in a pixel representing a
particular primary color (e.g., a pixel including a luminance-
lending subpixel) is different from the other pixels, every
luminance-lending bright subpixel can be adjacent to a subset
ofthe second type. FIG. 28 illustrates what subpixels are lit in
a situation where a vertical white line is displayed on a black
background using the subsets S2. Comparing FIGS. 28 and
25 to each other, it can be seen that the white line also looks
thinner in such a situation, too.

[0177] Furthermore, not both of the luminance-lending
bright subpixels of the first red and blue pixels R1 and B need
to be adjacent to the subset S2. Instead, the subset S2 can also
borrow a luminance from a bright subpixel that is not adjacent
to itself as shown in FIG. 29. In the example illustrated in FIG.
29, each bright subpixel of the first red pixel R1 is adjacent to
its associated subset S2 but no bright subpixel of the blue
pixel B is adjacent to any subset S2.

[0178] FIG. 30 illustrates what subpixels are lit by lending
and borrowing a luminance as shown in FIG. 29. As can be
seen from FIG. 30, not only entire pixels (i.e., both of their
first and second subpixels) in each subset S2 on the column
C3 but also some subpixels on the columns C2 and C4 are lit
so that the rendering processing for lending a luminance is
carried out on a subpixel-by-subpixel basis. Unlike the
examples illustrated in FIGS. 23 and 28, however, the lighted
subpixels in each subset S1 include not just ones that are
adjacent to its associated subset S2 but also ones that are not
adjacent to the subset S2. Nevertheless, even if a luminance is
lent and borrowed as shown in FIGS. 29 and 30, the decrease
inresolution can still be less significant than a situation where
a luminance is lent and borrowed on a pixel-by-pixel basis as
shown in FIGS. 24 and 25. Naturally, to enhance the effect of
checking the decrease in resolution, it is preferred that every
luminance-lending bright subpixel be adjacent to a lumi-
nance-borrowing subset S2 as shown in FIGS. 22 and 23 orin
FIGS. 27 and 28.

[0179] Such an effect will be described more specifically
with reference to FIGS. 31 through 35. FIGS. 31, 32 and 33
illustrate the contours of the white line to be seen in the
lighting states shown in FIGS. 25, 28 and 30, respectively. On
the other hand, FIG. 34 illustrates, in combination, the con-
tours O4 and OS that are shown in FIGS. 31 and 32, respec-
tively, while FIG. 35 illustrates, in combination, the contours
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04 and O6 that are shown in FIGS. 31 and 33, respectively.
FIGS. 31 through 35 also show the centerline of the column
C3.

[0180] Comparing the results shown in FIGS. 31 and 32 to
each other by reference to FIG. 34, it can be seen that the
white line displayed looks thinner by lending and borrowing
a luminance on a subpixel-by-subpixel basis rather than by
doing that on a pixel-by-pixel basis. Specifically, supposing
the width of a column of subsets is W, the white line to be seen
in a situation where a luminance is lent and borrowed on a
pixel-by-pixel basis will be approximately 1.7 W, but the one
to be seen in a situation where a luminance is lent and bor-
rowed on a subpixel-by-subpixel basis will be approximately
1.3 W as shown in FIG. 34. The same can be said even if the
results shown in FIGS. 31 and 33 are compared to each other
by reference to FIG. 35. Consequently, by carrying out the
rendering processing on a subpixel-by-subpixel basis, the
decrease in resolution can be much less significant, and the
display operation can get done far more smoothly and with
much higher definition, compared to a situation where the
rendering processing is carried out on a pixel-by-pixel basis.

[0181] It should be noted that according to this preferred
embodiment, the subset S2 does not always have to borrow a
luminance from both of the bright subpixels of the first red
pixel R1 and the blue pixel B. For example, each subset S2
may borrow a luminance from only the bright subpixel of the
first red pixel R1 belonging to its associated subset S1 but
does not need to borrow a luminance from the bright subpixel
of the blue pixel B as shown in FIGS. 36 and 37. In that case,
it is shown in FIG. 38 what subpixels are lit in a situation
where a vertical white line is displayed on a black background
using the subsets S2. As can be seen from FIG. 38, not only
entire pixels belonging to every subset S2 on the column C3
but also some subpixels belonging to each subset S1 on the
column C4 are lit, but all subpixels belonging to every subset
S1 on the column C2 are not lit.

[0182] The following Tables 3 and 4 and FIG. 39 show how
the'Y values and xy chromaticity values of respective pixels
and the Y values (i.e., luminance values), xy chromaticity
values and color temperatures of the colors white represented
by the subsets S1 and S2 change before and after the render-
ing processing described above is carried out.

TABLE 3
Before
render-
ing Y X y Y(w) x(w) y(w) Te(w)yK
S1 Rl 7.9 0.6581 03219 56.0 0.3340 0.2715 5360
Ye  43.1 0.4637 0.5248
B 5.0 0.1471 0.0502
S2 R2 7.9 0.6581 0.3219 440 0.2842 0.3714 7529
G 21.3 0.2521 0.6579
C 14.8 0.152 0.2404
total  100.0 100.0
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TABLE 4
After
rendering Y X y Y(w) x(w) y(w) Te(w)/K
S1 R1 5.4 (68%) 0.6581 0.3219 53.5 0.3211 0.2695 6468
Ye 43.1 0.4637 0.5248
B 5.0 0.1471  0.0502
S2 R2 7.9 0.6581 0.3219 46.5 0.3074 0.2683 6504
G 21.3 0.2521 0.6579
C 14.8 0.152  0.2404
[R1) 2.5(32%) 0.6581 0.3219
total 100.0 100.0

[0183] As can be seen from Tables 3 and 4 and FIG. 39, by
carrying out the rendering processing (in which the first red
pixel R1 in each subset S1 lends 32% of its own luminance to
its associated subset S2 as shown in Table 4), the differences
in luminance, chromaticity and color temperature between
the respective colors white represented by the subsets S1 and
S2 decreases.

[0184] It should be noted that the division pattern of each
pixel (including the pixel division number and the shapes of
subpixels) does not have to be what has already been
described but could be any of various patterns as shown in
FIGS. 40(a) through 40(f). Specifically, the subpixels may
have rectangular shapes as shown in FIGS. 40(a) and 40(f) or
trapezoidal shapes as shown in FIGS. 40(5), 40(c) and 40(d)
or triangular shapes as shown in FIG. 40(e), for example.
[0185] Also, in this description, when the relative positions
of a luminance-lending bright subpixel and a luminance-
borrowing subset are determined, it is taken into consider-
ation which of two portions of a bright subpixel, which are
defined by drawing a centerline that divides a given pixel
equally, has the greater area, and that bright subpixel is said to
be “adjacent” to a subset that is located in contact with that
portion of the bright subpixel with the greater area. For
instance, in the example illustrated in FIG. 41, a portion of the
bright subpixel on the left-hand side of the centerline CL.1 has
the larger area than the other portion thereof on the right-hand
side of the centerline CLL1, and a portion of the bright subpixel
over the centerline CL2 has the larger area than the other
portion thereof under the centerline CL2. That is why the
bright subpixel shown in FIG. 41 is said to be adjacent to a
subset on the left-hand side of the pixel and to a subset right
over the pixel. Also, in the examples illustrated in FIGS.
40(a), 40(c), 40(d) and 40(e), the bright subpixel is adjacent
to a subset on the left-hand side of the pixel. In the example
illustrated in FIG. 40(b), the bright subpixel is adjacent to a
subset on the left-hand side of the pixel and to a subset right
over the pixel. And in the example illustrated in FIG. 40(f), the
bright subpixel is adjacent to a subset on the left-hand side of
the pixel and to a subset right under the pixel.

Embodiment 3

[0186] FIG. 42 illustrates an arrangement of pixels for an
LCD (multi-primary-color liquid crystal display device) 300
as a third specific preferred embodiment of the present inven-
tion. As shown in FIG. 42, the LCD 300 includes red pixels R
representing the color red, green pixels G representing the
color green, blue pixels B representing the color blue, cyan
pixels C representing the color cyan, magenta pixels M rep-
resenting the color magenta, and yellow pixels Ye represent-

ing the color yellow. These pixels can form a number of
subsets S1, each including cyan, magenta and yellow pixels
C, M and Ye, and a number of subsets S2, each including red,
green and blue pixels R, G and B. In this preferred embodi-
ment, rows of pixels in which cyan, magenta and yellow
pixels C, M and Ye are arranged cyclically and rows of pixels
in which red, green and blue pixels R, G and B are arranged
cyclically alternate with each other in the column direction.
Thus, a number of subsets S1 or S2 of the same type are
arranged continuously in the row direction, while these two
different types of subsets S1 and S2 are arranged alternately
in the column direction.

[0187] FIGS. 43 and 44 schematically illustrate how to lend
and borrow a luminance in this LCD 300. As shown in FIGS.
43 and 44, each subset S2 borrows a luminance from respec-
tive bright subpixels of cyan, magenta and yellow pixels C, M
and Ye belonging to its associated subsets S1. More specifi-
cally, each subset S2 not only borrows a luminance from the
bright subpixels of cyan and yellow pixels C and Ye belonging
to a subset S1 that is located on one side (i.e., over or under)
of'the subset S2 but also borrows a luminance from the bright
subpixel of a magenta pixel M belonging to a subset S1 that is
located on the other side. That is to say, in the LCD 300 of this
preferred embodiment, an arbitrary subset of the second type
borrows a luminance from both of two subsets of the first type
that are adjacent to itself on one and the other sides thereof in
a predetermined direction.

[0188] The following Tables 5 and 6 and FIGS. 45 and 46
show how the Y values and xy chromaticity values of respec-
tive pixels and the Y values (i.e., luminance values), xy chro-
maticity values and color temperatures of the colors white
represented by the subsets S1 and S2 change before and after
the rendering processing described above is carried out.

TABLE 5
Before
render-
ing Y X y Y(w) x(w) y(w) Te(wyK
S1 C 13.4 0.1600 0.2800 58.1 0.3106 0.3298 6322
M 11.2 0.3200 0.1720
Ye 33.5 0.4300 0.5300
S2 R 11.3  0.6300 0.3150 41.9 0.2703 0.2479 16309
G 25.0 0.2400 0.6280
B 5.6 0.1450  0.0600
total  100.0 100.0
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TABLE 6
After
rendering Y X y Y(w) x(w) y(w) Te(w)/K
S1 Rl 11.5(86%) 0.1600 0.2800 50.0 03160 0.3298 6322
Ye 9.6 (86%) 03200 0.1720
B 28.8 (86%)  0.4300 0.5300
2 R 11.3 0.6300 03150 500 0.2761 0.2583 13135
G 25.0 0.2400  0.6280
B 5.6 0.1450  0.0600
©) 1.9 (14%)  0.1600  0.2800
™M) 1.6 (14%) 03200 0.1720
(Ye) 4.7 (14%) 04300 0.5300
total 100.0 100.0
[0189] Before the rendering processing is carried out, the [0193] FIG. 51 illustrates what subpixels are lit by lending

luminances, chromaticity values and color temperatures of
the colors white represented by the subsets S1 and S2 are
quite different from each other as can be seen from Table 5
and FIGS. 45 and 46. However, after the rendering processing
has been carried out (the cyan, magenta and yellow pixels C,
M and Ye of the subset S1 lend 14% of their own luminance to
the subset S2 as can be seen from Table 6), the luminances of
the colors white represented by the subsets S1 and S2 exactly
agree with each other and their differences in chromaticity
and color temperature have also decreased as can be seen
from Table 6 and FIGS. 45 and 46.

[0190] FIG. 47 illustrates what subpixels need to be lit to
display a horizontal white line on a black background using
the subsets S2. As can be seen from FIG. 47, not only entire
pixels (i.e., both of their first and second subpixels) in each
subset S2 on the row L2 but also some subpixels on the rows
L1 and L3 are lit so that the rendering processing for lending
a luminance is carried out on a subpixel-by-subpixel basis.

[0191] For the purpose of comparison, it will be described
what pixels are lit in a situation where the rendering process-
ing is carried out on a multi-primary-color liquid crystal
display device in which no pixel is divided into multiple
subpixels. For example, if the rendering processing in which
each subset S2 borrows a luminance from the cyan, magenta
and yellow pixels C, M and Ye of its associated subset S1 has
been carried out as shown in FIG. 48, lighted pixels will be as
shown in FIG. 49. As can be seen from FIG. 49, not only all
pixels in each subset S2 on the row L2 but also all pixels in
each subset S1 on the row L1 are lit, and the rendering pro-
cessing for lending a luminance has been carried out on a
pixel-by-pixel basis. And comparing FIGS. 47 and 49 to each
other, it can be seen easily that the white line displayed can
look thinner, and the display operation can get done more
smoothly and with higher definition, by lending and borrow-
ing a luminance on a subpixel-by-subpixel basis as is done in
this preferred embodiment.

[0192] In the example illustrated in FIG. 44, the bright
subpixels of each set of cyan, magenta and yellow pixels C, M
and Ye that lend their luminance are all adjacent to its asso-
ciated subset S2. Instead, the subset S2 can also borrow a
luminance from a bright subpixel that is not adjacent to itself
as shown in FIG. 50. In the example illustrated in FIG. 50,
looking at a certain subset S2, either the respective bright
subpixels of the cyan and yellow pixels C and Ye or that of the
magenta pixel M are/is adjacent to the subset S2 but the other
subpixel(s) is/are not.

and borrowing a luminance as shown in FIG. 50. As can be
seen from FIG. 51, not only entire pixels (i.e., both of their
first and second subpixels) in each subset S2 on the row .2 but
also some subpixels in its associated subset S1 on the row [.1
are lit so that the rendering processing for lending a lumi-
nance is carried out on a subpixel-by-subpixel basis. Unlike
the example illustrated in FIG. 47, however, the lighted sub-
pixels in each subset S1 include not just ones that are adjacent
to its associated subset S2 but also ones that are not adjacent
to the subset S2. Nevertheless, even if a luminance is lent and
borrowed as shown in FIGS. 50 and 51, the decrease in
resolution can still be less significant than a situation where a
luminance is lent and borrowed on a pixel-by-pixel basis as
shown in FIGS. 48 and 49. Naturally, to enhance the effect of
checking the decrease in resolution, it is preferred that every
luminance-lending bright subpixel be adjacent to a lumi-
nance-borrowing subset S2 as shown in FIGS. 44 and 47.

Embodiment 4

[0194] FIG. 52 illustrates an arrangement of pixels for an
LCD (multi-primary-color liquid crystal display device) 400
as a fourth specific preferred embodiment of the present
invention. As shown in FIG. 52, the LCD 400 includes red
pixels R representing the color red, green pixels G represent-
ing the color green, blue pixels B representing the color blue,
cyan pixels C representing the color cyan, and yellow pixels
Ye representing the color yellow. These pixels can form a
number of subsets S1, each including red, green and cyan
pixels R, G and C, and a number of subsets S2, each including
blue and yellow pixels B and Ye. In this preferred embodi-
ment, cyan, green, red, yellow and blue pixels C, G, R, Ye and
B are cyclically arranged in this order within the same row so
that the subsets S1 and S2 alternate with each other in the row
direction.

[0195] FIGS. 53 and 54 schematically illustrate how to lend
and borrow a luminance in this LCD 400. As shown in FIGS.
53(a) and 54, each subset S2 borrows a luminance from the
bright subpixel of the red pixel R belonging to its associated
subset S1. In addition, as shown in FIGS. 53(b) and 54, each
subset S1 borrows a luminance from the bright subpixel of the
blue pixel B belonging to its associated subset S2. In the
LCDs 100,200 and 300 of the first, second and third preferred
embodiments described above, one of the two different types
of subsets borrows a luminance from the other type of subset
one-sidedly. In the LCD 400 of this preferred embodiment,
however, the two different types of subsets mutually lend and
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borrow a luminance to/from each other. Specifically, in the
example illustrated in FIG. 53(a), the subset S1 is the “first
type of subset” to lend a luminance, while the subset S2 is the
“second type of subset” to borrow a luminance. Conversely,
in the example illustrated in FIG. 53(5), the subset S2 is the
“first type of subset” to lend a luminance, while the subset S1
is the “second type of subset” to borrow a luminance.
[0196] The following Tables 7 and 8 and FIGS. 55 and 56
show how the Y values and xy chromaticity values of respec-
tive pixels and the Y values (i.e., luminance values), xy chro-
maticity values and color temperatures of the colors white
represented by the subsets S1 and S2 change before and after
the rendering processing described above is carried out.
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pixel-by-subpixel basis. FIG. 58 illustrates what subpixels
need to be lit to display a vertical white line on a black
background using the subsets S1. As can be seen from FIG.
58, not only entire pixels (i.e., both of their first and second
subpixels) in each subset S1 on the column C2 but also some
subpixels in its associated subset S2 on the column C1 are lit
so that the rendering processing for lending a luminance is
carried out on a subpixel-by-subpixel basis. As can be seen,
by lending and borrowing a luminance on a subpixel-by-
subpixel basis in this manner, the white line displayed can
look thinner and the display operation can get done more
smoothly and with higher definition.

[0199] In the example illustrated in FIG. 54, the bright
subpixel of each red pixel R that lends a luminance to its

TABLE 7 associated subset S2 is adjacent to that subset S2, and the
bright subpixel of each blue pixel B that lends a luminance to
Before . . . A
render- its associated subset S1 is adjacent to that subset S1. However,
ing v x y Yw)  x(w) yw)  Te(w)K each of the subsets S1 and S2 may borrow a luminance from
a bright subpixel that is not adjacent to itself as shown in FIG.
S1 g ;ﬁ 8'2222 8‘222 498 0.3305 03818 3367 59. Specifically, in the example illustrated in FIG. 59, the
c 162 0.1567 0.2703 bright subpixel of each red pixel R is not adjacent to its
S2 Ye 445 05198 0.0098 502 02913 02618 10285 associated subset S2 and that of each blue pixel B is not
B __57 00537 0.7994 adjacent to its associated subset S1, either.
total  100.0 100.0 [0200] FIGS. 60 and 61 illustrate what subpixels will be lit
when a luminance is lent and borrowed as shown in FIG. 59.
As can be seen from FIG. 60, not only entire pixels (i.e., both
TABLE 8
After
rendering Y X y Y(w) x(w) y(w) Te(w)/K
st (®B) 097 (17%) 00537 0.7994 49.9 03017 03423 6984
R 11.6 (93%)  0.6600 0.3235
G 21.1 0.2578  0.6622
C 16.2 0.1567 0.2703
S2 (R) 0.88 (7%) 0.6600 0.3235 50.1 0.3118 0.2840 7085
Ye 44.5 0.5198  0.0098
B 4.7 (83%) 0.0537 0.7994
total 100.0 100.0
[0197] Before the rendering processing is carried out, the of their first and second subpixels) in each subset S2 on the

chromaticity values and color temperatures of the colors
white represented by the subsets S1 and S2 are quite different
from each other as can be seen from Table 7 and FIG. 56.
However, after the rendering processing (in which the red
pixel R of the subset S1 lends 7% of its own luminance to the
subset S2 and the blue pixel B of the subset S2 lends 17% of
its own luminance to the subset S1 as shown in Table 8) has
been carried out, the differences in chromaticity and color
temperature between the colors white represented by the sub-
sets S1 and S2 have decreased as can be seen from Table 8 and
FIG. 56. In this example, as can be seen from Table 7 and FIG.
55, the luminances of their colors white agree with each other
from the beginning between the subsets S1 and S2, and there-
fore, the luminance of the colors white hardly changes before
and after the rendering processing.

[0198] FIG. 57 illustrates what subpixels need to be lit to
display a vertical white line on a black background using the
subsets S2. As can be seen from FIG. 57, not only entire pixels
(i.e., both of their first and second subpixels) in each subset S2
on the column C3 but also some subpixels in its associated
subset S1 on the column C2 are lit so that the rendering
processing for lending a luminance is carried out on a sub-

column C3 but also some subpixels in its associated subset S1
on the column C2 are lit, and therefore, the rendering pro-
cessing for lending a luminance has also been carried out on
a subpixel-by-subpixel basis. However, unlike the situation
shown in FIG. 57, the lighted subpixels in the subsets S1 are
not adjacent to any subset S2. Also, as can be seen from FIG.
61, not only entire pixels (i.e., both of their first and second
subpixels) in each subset S1 on the column C2 but also some
subpixels in its associated subset S2 on the column C1 are lit,
and therefore, the rendering processing for lending a lumi-
nance has also been carried out on a subpixel-by-subpixel
basis. However, unlike the situation shown in FIG. 58, the
lighted subpixels in the subsets S2 are not adjacent to any
subset S1.

[0201] Even if a luminance is lent and borrowed as shown
in FIGS. 60 and 61, the decrease in resolution can still be less
significant than a situation where a luminance is lent and
borrowed on a pixel-by-pixel basis. Naturally, to enhance the
effect of checking the decrease in resolution, it is preferred
that every luminance-lending bright subpixel be adjacent to a
luminance-borrowing subset as shown in FIGS. 54, 57 and
58.
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Embodiment 5

[0202] FIG. 62 illustrates an arrangement of pixels for an
LCD (multi-primary-color liquid crystal display device) 500
as a fifth specific preferred embodiment of the present inven-
tion. Just like the LCD 400 of the fourth preferred embodi-
ment described above, the LCD 500 includes red, green, blue,
cyan and yellow pixels R, G, B, C and Ye, and cyan, green,
red, blue and yellow pixels C, G, R, B and Ye are cyclically
arranged in this order within the same row. In this preferred
embodiment, however, a row of pixels is arranged so as to
shift by a half pitch from each of two adjacent rows of pixels.
That is why the subsets S1 and S2 are arranged alternately not
only in the row direction but also in the column direction as
well. In other words, the subsets S1 and S2 are arranged so as
to form a checkerboard pattern.

[0203] FIG. 63 schematically illustrates how to lend and
borrow a luminance in this LCD 500. As shown in FIG. 63,
each subset S2 borrows a luminance from the bright subpixel
of the red pixel R belonging to its associated subset S1. In
addition, each subset S1 borrows a luminance from the bright
subpixel of the blue pixel B belonging to its associated subset
S2.

[0204] FIG. 64 illustrates what subpixels need to be lit to
display an oblique white line on a black background using the
subsets S2. As can be seen from FIG. 64, not only entire pixels
(i.e., both of their first and second subpixels) in each subset S2
but also some subpixels in its associated subset S1 are lit so
that the rendering processing for lending a luminance is car-
ried out on a subpixel-by-subpixel basis. FIG. 65 illustrates
what subpixels need to be lit to display an oblique white line
on a black background using the subsets S1. As can be seen
from FIG. 65, not only entire pixels (i.e., both of their first and
second subpixels) in each subset S1 but also some subpixels
in its associated subset S2 are lit so that the rendering pro-
cessing for lending a luminance is carried out on a subpixel-
by-subpixel basis.

[0205] Inthe example illustrated in FIG. 63, a luminance is
supposed to be lent and borrowed between two subsets that
are adjacent to each other in the row direction. However, a
luminance may also be lent and borrowed between two sub-
sets that are adjacent to each other in the column direction as
shown in FIG. 66. The subpixels to be lit in a situation where
a luminance is lent and borrowed as shown in FIG. 66 are
shown in FIGS. 67 and 68. Specifically, FIG. 67 illustrates a
situation where an oblique white line is displayed on a black
background using the subsets S2, while FIG. 68 illustrates a
situation where an oblique white line is displayed on a black
background using the subsets S1. As can be seen from FIGS.
67 and 68, not only entire pixels in one type of subset but also
some subpixels in the other type of subset are lit so that the
rendering processing for lending a luminance is carried out on
a subpixel-by-subpixel basis.

Embodiment 6

[0206] FIG. 69 illustrates an arrangement of pixels for an
LCD (multi-primary-color liquid crystal display device) 600
as a sixth specific preferred embodiment of the present inven-
tion. Just like the LCD 100 of the first preferred embodiment
described above, the LCD 600 includes first and second red,
green, blue, yellow and cyan pixels R1,R2, G, B,Ye and C. In
this preferred embodiment, however, the first red, yellow,
blue, second red, green and cyan pixels R1, Ye, B, R2, G and
C are cyclically arranged in this order within the same row. In
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addition, according to this preferred embodiment, a row of
pixels is arranged so as to shift by a half pitch from each of
two adjacent rows of pixels. That is why the subsets S1 and S2
are arranged alternately not only in the row direction but also
in the column direction as well. In other words, the subsets S1
and S2 are arranged so as to form a checkerboard pattern.
[0207] FIGS. 70 and 71 schematically illustrate how to lend
and borrow a luminance in this LCD 600. As shown in FIGS.
70 and 71, each subset S2 borrows a luminance from the
respective bright subpixels of the first red and blue pixels R1
and B belonging to its associated subset S1.

[0208] FIG. 72 illustrates what subpixels need to be lit to
display an oblique white line on a black background using the
subsets S2. As can be seen from FIG. 72, not only entire pixels
(i.e., both of their first and second subpixels) in each subset S2
but also some subpixels in its associated subset S1 are lit so
that the rendering processing for lending a luminance is car-
ried out on a subpixel-by-subpixel basis.

[0209] In the example illustrated in FIGS. 70 and 71, a
luminance is supposed to be lent and borrowed between two
subsets that are adjacent to each other in the column direction.
However, a luminance may also be lent and borrowed
between two subsets that are adjacent to each other in the row
direction as shown in FIGS. 73 and 74. Specifically, in the
example illustrated in FIGS. 70 and 71, each subset S2 bor-
rows a luminance from the respective bright subpixels of the
first red and blue pixels R1 and B belonging to its adjacent
subset S1 in the column direction. On the other hand, in the
example illustrated in FIGS. 73 and 74, each subset S2 bor-
rows a luminance from the respective bright subpixels of the
first red and blue pixels R1 and B belonging to its adjacent
subset S1 in the row direction. The subpixels to be lit in a
situation where a luminance is lent and borrowed as shown in
FIGS. 73 and 74 are shown in FIG. 75. Specifically, FIG. 75
illustrates a situation where an oblique white line is displayed
on a black background using the subsets S2. As can be seen
from FIG. 75, not only entire pixels (i.e., both of their first and
second subpixels) in one type of subset S2 but also some
subpixels in the other type of subset S1 are lit so that the
rendering processing for lending a luminance is carried out on
a subpixel-by-subpixel basis.

[0210] Next, it will be described what driving method is
preferably adopted to minimize a “flicker” on the screen. In a
typical LCD, the voltage applied to the liquid crystal layer of
apixel is set to be an AC voltage (such a method is sometimes
called an “AC driving method”) to cope with a reliability
problem. That is to say, the applied voltage is defined so that
a pixel electrode and a counter electrode invert their potential
levels at regular time intervals and that the electric field
applied to the liquid crystal layer inverts its direction (i.e., the
direction of electric lines of force) at regular time intervals. In
a typical LCD in which the counter electrode and pixel elec-
trodes are arranged on two different substrates, the electric
field applied to the liquid crystal layer inverts its direction
from toward the light source to toward the viewer, and vice
versa.

[0211] Theinterval at which the electric field applied to the
liquid crystal layer inverts its direction is typically 33.333 ms,
which is twice as long as one frame period of 16.667 ms, for
example. That is to say, in a liquid crystal display device,
every time a picture (i.e., an image frame) is presented, the
electric field applied to the liquid crystal layer inverts its
direction. For that reason, in presenting a still picture, unless
the electric field intensities (or applied voltages) exactly
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match each other between the two electric field directions
(i.e., if the electric field changes its intensity every time it
changes its direction), the luminance of each pixel will
change with such a variation in electric field intensity, thus
producing a flicker on the screen.

[0212] In other words, to minimize such a flicker, the elec-
tric field intensities (or applied voltages) in those two electric
field directions need to exactly match each other. In LCDs to
be mass-produced on an industrial basis, however, it is diffi-
cult to exactly match the electric field intensities in those two
directions. That is why they try to minimize the flicker by
arranging pixels that have mutually opposite electric field
directions adjacent to each other within a display area
because the luminances of the pixels would be spatially aver-
aged in that case. Such a method is generally called either a
“dot inversion drive” or a “line inversion drive”. It should be
noted that these “inversion drive” methods include not just the
“one dot inversion” in which the polarities are inverted on a
pixel-by-pixel basis in a “checkerboard pattern” so to speak
(i.e., every row AND every column) and the “one line inver-
sion” in which the polarities are inverted on a line-by-line
basis but also a “two-row, one-column dot inversion” in
which the polarities are inverted every other row and every
column, and various other patterns. Thus, any of those various
methods is appropriately adopted as needed.

[0213] In the LCD 600 of this preferred embodiment, six
different kinds of pixels are arranged regularly as shown in
FIG. 76 in the row direction (i.e., the direction in which a
number of source lines are arranged at a predetermined pitch
and which is identified by “SL” that means a source line
direction in FIG. 76). That is why if the dot inversion drive
was adopted, every primary color but the color red would
have an electric field applied to the liquid crystal layer in the
same direction along the row. In FIG. 76, the directions (or
polarities) of the electric field applied to the liquid crystal
layer are identified by the positive (+) and negative (=) signs.
That is to say, the (+) and (-) directions are two opposite
directions in which the electric field is applied to the liquid
crystal layer. In the example illustrated in FIG. 76, the polar-
ity of the green and blue pixels G and B is always negative (=)
and that of the cyan and yellow pixels C and Ye is always
positive (+). For that reason, if a display operation is per-
formed in a single color, the flicker will be seen easily.
[0214] On the other hand, if the line inversion drive is
performed every other column (i.e., if a two-source-line
inversion drive is performed) as shown in FIG. 77, the direc-
tion (i.e., polarity) of the electric field will be inverted for
every primary color. In the example shown in FIG. 77, each of
the green, yellow and blue pixels G, Ye and B invert their
polarity from positive (+) into negative (-) from left to right
and the cyan pixels C invert their polarity from negative (-)
into positive (+) from left to right. Consequently, the flicker
can be minimized even if a display operation is performed in
a single color.

[0215] As can be seen, in a situation where the subsets of
the first and second types are arranged alternately in a prede-
termined direction (which may be either the row direction or
the column direction) and pixels are also arranged within each
subset in that direction, if the sum of the number of pixels that
form the first type of subset and that of pixels that form the
second type of subset is an even number (e.g., six in the
example shown in FIGS. 76 and 77), the electric field will be
applied in the same direction to the liquid crystal layer for
each primary color and a flicker will be produced easily when
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a display operation is conducted in a single color. That is why
the direction of the electric field applied to the liquid crystal
layer of each pixel is preferably inverted every other pixel in
the direction in which the two different types of subsets are
arranged. Then, the direction of the electric field applied to
the liquid crystal layer can be inverted for every primary color
and the flicker can be minimized.

[0216] In the example illustrated in FIG. 77, the bright
subpixels are not arranged in a checkerboard pattern, and the
bright subpixels change their positions within pixels every
other column in the row direction. That is to say, the correla-
tion between the luminance ranking of subpixels and the
arrangement of subpixels in the column direction changes
every two columns in the row direction. Naturally, even if the
inversion drive is performed as shown in FIG. 77, the bright
subpixels may also be arranged in a checkerboard pattern.
However, in a situation where a configuration in which a
storage capacitor is provided for each of multiple subpixels
and a different effective voltage is applied to each subpixel by
capacitance division is adopted as shown in FIG. 4 and where
the two-source-line inversion drive is adopted, the bright
subpixels preferably change their positions within pixels
every other column in the row direction as shown in FIG. 77.
This is because such an arrangement is easier to realize.
[0217] FIGS. 78 and 79 illustrate how a luminance is lent
and borrowed in the arrangement shown in FIG. 77. As shown
in FIGS. 78 and 79, each subset S2 borrows a luminance from
the bright subpixels of first red and blue pixels R1 and B
belonging to its associated subset S1.

[0218] FIG. 80 illustrates what subpixels need to be lit to
display an oblique white line on a black background using the
subsets S2. As can be seen from FIG. 80, not only entire pixels
(i.e., both of their first and second subpixels) in each subset S2
but also some subpixels in its associated subset S1 are lit so
that the rendering processing for lending a luminance is car-
ried out on a subpixel-by-subpixel basis.

[0219] As described above for the first through sixth pre-
ferred embodiments of the present invention, the multi-pri-
mary-color liquid crystal display device of the present inven-
tion performs rendering processing for lending and
borrowing a luminance on a subpixel-by-subpixel basis,
thereby getting a display operation done with higher defini-
tion with the decrease in resolution minimized. It should be
noted that the number of primary colors to be used by the
multi-primary-color liquid crystal display device of the
present invention for display purposes, the number and kinds
of pixels included in each subset, and the specific arrange-
ments of respective subsets and pixels are never limited to the
ones that have already been described as examples for the first
through sixth preferred embodiments of the present inven-
tion.

INDUSTRIAL APPLICABILITY

[0220] The multi-primary-color liquid crystal display
device of the present invention can get a display operation
done far more smoothly and with much higher definition than
aconventional device. The present invention is broadly appli-
cable to any multi-primary-color liquid crystal display device
in general that conducts a display operation in four or more
primary colors.

1. A multi-primary-color liquid crystal display device for
conducting a display operation in at least four primary colors,
the device comprising a plurality of pixels that form at least
two different types of subsets,
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wherein the device has the ability to perform rendering
processing in which at least one of the plurality of pixels
that form a first one of the at least two different types of
subsets lends a luminance to a second type of subset, and

wherein each of the plurality of pixels includes a first
subpixel and a second subpixel that could have mutually
different luminances, and

wherein the second type of subset borrows a luminance

from one of the first and second subpixels of the at least
one pixel that has the higher luminance.

2. The multi-primary-color liquid crystal display device of
claim 1, wherein the subpixel that has the higher luminance in
the at least one pixel and that lends a luminance to the second
type of subset is adjacent to the second type of subset.

3. The multi-primary-color liquid crystal display device of
claim 2, wherein in dividing each of the plurality of pixels into
the first and second subpixels, a pattern applied to a pixel
representing a particular primary color is different from a
pattern applied to another pixel.

4. The multi-primary-color liquid crystal display device of
claim 3, wherein the pixel representing the particular primary
color includes a subpixel that lends a luminance to the second
type of subset.

5. The multi-primary-color liquid crystal display device of
claim 2, wherein the first and second subpixels have mutually
different shapes, and

wherein a correlation between the luminance ranking of

the first and second subpixels and the shapes of the first
and second subpixels in the pixel representing the par-
ticular primary color is different from another pixel.

6. The multi-primary-color liquid crystal display device of
claim 5, wherein the pixel representing the particular primary
color includes the subpixel that lends a luminance to the
second type of subset.

7. The multi-primary-color liquid crystal display device of
claim 1, wherein a plurality of subsets of the first type and a
plurality of subsets of the second type are arranged in matrix.

8. The multi-primary-color liquid crystal display device of
claim 7, wherein the first type of subsets and the second type
of subsets are arranged alternately in a predetermined direc-
tion, and

wherein an arbitrary one of the subsets of the second type

borrows a luminance from one of the two subsets of the
first type that are adjacent to itself on one and the other
sides thereof, respectively, in the predetermined direc-
tion.

9. The multi-primary-color liquid crystal display device of
claim 7, wherein the first type of subsets and the second type
of subsets are arranged alternately in a predetermined direc-
tion, and

wherein an arbitrary one of the subsets of the second type

borrows a luminance from both of the two subsets of the
first type that are adjacent to itself on one and the other
sides thereof, respectively, in the predetermined direc-
tion.

10. The multi-primary-color liquid crystal display device
of claim 7, wherein each of the plurality of pixels includes a
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liquid crystal layer and a plurality of electrodes for applying
an electric field to the liquid crystal layer, and

wherein the subsets of the first type and the subsets of the

second type are alternately arranged in a predetermined
direction, and

wherein the pixels included in each said subset of the first

type and the pixels included in each said subset of the
second type are also arranged in the predetermined
direction within their subset, and

wherein the sum of the number of pixels included in each

said subset of the first type and that of pixels included in
each said subset of the second type is an even number,
and

wherein the direction of the electric field applied to the

liquid crystal layer of each said pixel inverts every two
pixels in the predetermined direction.

11. The multi-primary-color liquid crystal display device
of claim 1, wherein the at least four primary colors include
red, green and blue.

12. The multi-primary-color liquid crystal display device
of claim 11, wherein the at least four primary colors further
include yellow and cyan.

13. The multi-primary-color liquid crystal display device
of claim 12, wherein one of the first and second types of
subsets includes a first red pixel representing the color red, a
blue pixel representing the color blue, and a yellow pixel
representing the color yellow, while the other type of subset
includes a second red pixel representing the color red, a green
pixel representing the color green, and a cyan pixel represent-
ing the color cyan.

14. The multi-primary-color liquid crystal display device
of claim 12, wherein one of the first and second types of
subsets includes a red pixel representing the color red, a green
pixel representing the color green, and a cyan pixel represent-
ing the color cyan, while the other type of subset includes a
blue pixel representing the color blue and a yellow pixel
representing the color yellow.

15. The multi-primary-color liquid crystal display device
of claim 12, wherein the at least four primary colors further
include magenta.

16. The multi-primary-color liquid crystal display device
of claim 15, wherein one of the first and second types of
subsets includes a red pixel representing the color red, a green
pixel representing the color green, and a blue pixel represent-
ing the color blue, while the other type of subset includes a
cyan pixel representing the color cyan, a magenta pixel rep-
resenting the color magenta, and a yellow pixel representing
the color yellow.

17. The multi-primary-color liquid crystal display device
of claim 1, wherein the rendering processing is carried out so
that a difference in luminance, chromaticity and/or color tem-
perature between respective colors white represented by the
first and second types of subsets decreases compared to a
situation where the rendering processing is not carried out.
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