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ABSTRACT

A display and methods of driving the display, where the
display includes a plurality of pixels, where some colors are
present in every pixel, and some colors are only present in
less than all of the pixels.
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MULTI-COLOR LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation in part of U.S.
patent application Ser. No. 11/009,515, filed Dec. 13, 2004
and entitled Multi-Primary Liquid Crystal Display, which
claims the benefit of US Provisional Patent Application,
60/529,101, filed Dec. 15, 2003 and the benefit of US
Provisional Patent Application, 60/604,461, filed Aug. 26,
2004, the disclosures of all of which are incorporated herein
by reference in their entirety.

FIELD OF THE INVENTION

[0002] The invention relates generally to multi-primary
color displays and, more particularly. to multi-primary Lig-
uid Crystal Displays (LCDs).

BACKGROUND

[0003] A Liquid Crystal Display device includes an array
of Liquid Crystal (LC) elements, which may be driven, for
example, by one or more Thin Film Transistor (TFT) ele-
ments. In some LCD devices, the LC array may include a
plurality of column line drivers and a plurality of row line
drivers to allow controlling each element of the LC array.

[0004] The TFTs, the row line drivers and the column line
drivers may block part of the light provided to the LC array,
and consequently reduce the level of brightness of the
display. Thus, it may be desired to reduce the amount of light
blocked by the TFTs, the row line drivers and the column
line drivers. Furthermore, it may be desired to reduce the
number of the TFTs, the row line drivers and/or the column
line drivers in order to reduce the cost of the display.

SUMMARY OF EMBODIMENTS OF THE
INVENTION

[0005] Embodiments of the invention include a method,
device and/or system for displaying a color image having a
plurality of more-than-three primary color pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The invention will be understood and appreciated
more fully from the following detailed description of
embodiments of the invention, taken in conjunction with the
accompanying drawings of which:

[0007] FIG. 1 is a schematic illustration of a more-than-
three primary color display system in accordance with
exemplary embodiments of the invention;

[0008] FIG. 2 is a schematic illustration of a sub-pixel
configuration including a repeatable pattern of sub-pixel
elements, in accordance with one exemplary embodiment of
the invention;

[0009] FIGS. 3A and 3B are schematic illustrations of a
first S-primary pattern of sub-pixel elements and a second
S-primary pattern of sub-pixel elements, respectively, which
may be implemented to form sub-pixel configurations in
accordance with other exemplary embodiments of the inven-
tion;

[0010] FIG. 4 is a schematic illustration of a sub-pixel
configuration including a repeatable pattern of sub-pixel
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elements, in accordance with yet another exemplary
embodiment of the invention;

[0011] FIG. 5 is a schematic illustration of a pattern of
sub-pixel elements, which may be implemented to form a
sub-pixel configuration in accordance with additional exem-
plary embodiments of the invention;

[0012] FIGS. 6A, 6B, and 6C are schematic illustrations of
a portion of a five-color display embodiment of the present
invention having three colors repeating and two colors
alternating, where the pixels are each arranged on a single
horizontal row;

[0013] FIG. 6D is a schematic illustration of a portion of
another five-color display embodiment of the present inven-
tion having three colors repeating and two colors alternating,
where the pixels are each arranged on a single horizontal
row;

[0014] FIGS. 7A, 7B, 7C and 7D are schematic illustra-
tions of a portion of another five-color display embodiment
of the present invention having three colors repeating and
two colors alternating, where the pixels are each arranged on
a single horizontal row;

[0015] FIGS. 8A, 8B, and 8C are schematic illustrations of
portions of five-color display embodiments of the present
invention having three colors repeating and two colors
alternating, where the pixels are each arranged on two
horizontal rows;

[0016] FIGS.9A, 9B, and 9C are schematic illustrations of
portions of five-color display embodiments of the present
invention having three colors repeating and two colors
alternating, where the pixels are each arranged on a single
horizontal row;

[0017] FIGS. 10A, 10B, and 10C are schematic illustra-
tions of portions of five-color display embodiments of the
present invention having three colors repeating and two
colors alternating, where the pixels are each arranged on two
horizontal rows; and

[0018] FIGS. 11A and 11B are schematic illustrations of
portions of five-color display embodiments of the present
invention having three colors repeating and two colors
alternating, where the pixels are each arranged on two
horizontal rows.

[0019] Tt will be appreciated that for simplicity and clarity
of illustration, elements shown in the figures have not
necessarily been drawn accurately or to scale. For example,
the dimensions of some of the elements may be exaggerated
relative to other elements for clarity or several physical
components included in one element. Further, where con-
sidered appropriate, reference numerals may be repeated
among the figures to indicate corresponding or analogous
elements. It will be appreciated that these figures present
examples of embodiments of the present invention and are
not intended to limit the scope of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0020] In the following description, various aspects of the
present invention will be described. For purposes of expla-
nation, specific configurations and details are set forth in
order to provide a thorough understanding of the present
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invention. However, it will be apparent to one skilled in the
art that the present invention may be practiced without the
specific details presented herein. Furthermore, some features
of the invention relying on principles and implementations
known in the art may be omitted or simplified to avoid
obscuring the present invention.

[0021] Embodiments of monitors and display devices with
more than three primaries, in accordance with exemplary
embodiments of the invention, are described in International
Application PCT/IL02/00452, filed Jun. 11, 2002, entitled
“DEVICE, SYSTEM AND METHOD FOR COLOR DIS-
PLAY” and published 19 Dec. 2002 as PCT Publication WO
02/101644, the disclosure of which is incorporated herein by
reference.

[0022] Reference is made to FIG. 1, which schematically
illustrates a more-than-three primary color display system
100 in accordance with exemplary embodiments of the
invention.

[0023] According to exemplary embodiments of the
invention, system 100 may include a light source 112, and an
array of sub-pixel elements. For example, system 100 may
include an array 113 of liquid crystal (LC) elements (cells)
114, for example, an LC array using Thin Film Transistor
(TFT) active-matrix technology, as is known in the art; and
an n-primary-color filter array 116, wherein n is greater than
three, which may be, for example, juxtaposed to array 113.
System 100 may include any other suitable configuration of
sub-pixel elements. System 100 may further include elec-
tronic circuits 120 (“drivers”) for driving the cells of array
114, e.g., by active-matrix addressing, as is known in the art,
According to some exemplary embodiments of the inven-
tion, a pixel of a color image may be reproduced by
sub-pixel elements of more than three primary colors,
wherein each sub-pixel element corresponds to one of the n
primary colors. Back-illumination source 112 provides the
light needed to produce the color images. The transmittance
of each of the sub-pixel elements may be controlled, for
example, by the voltage applied to a corresponding L.C cell
of array 113, based on image data input for one or more
corresponding pixels, as described below. An n-primaries
controller 118 may be able to receive the image data
including sub-pixel data representing pixels of the color
image, and to selectively activate at least some of the
sub-pixel elements of array 113 to produce an attenuation
pattern based on the sub-pixel data. For example, controller
118 may receive the input data, e.g., in Red (R), Green (G),
and Blue (B) or YCbCr format, optionally scale the data to
a desired size and resolution, and adjust the magnitude of the
signal delivered to the different drivers based on the input
data. Controller 118 may be able to convert input image data,
e.g., data including RGB image components or YCbCr data
of a pixel, into sub-pixel data of more than three primary
colors, e.g., R, G, B, Yellow (Y), and Cyan (C). The intensity
of white light provided by back-illumination source 112 may
be spatially modulated by elements of the LC array, selec-
tively controlling the illumination of each sub-pixel element
according to the image data for one or more pixels, as
described below. The selectively attenuated light of each
sub-pixel passes through a corresponding color filter of color
filter array 116, thereby producing desired color sub-pixel
combinations. The human vision system spatially integrates
the light filtered through the different color sub-pixel ele-
ments to perceive a color image.
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[0024] An aperture ratio of a LCD display may be defined
as the ratio between the net area of the display and the
overall area of the display, wherein the net area of the
display is defined as the overall area of the display excluding
a total area of blocking, e.g., a total of areas of the display
“blocked” by TFTs and the column and row driver lines, as
is known in the art. For example, the total area of blocking
of a display including 1 rows of m sub-pixel elements,
wherein each sub-pixel element includes one TFT, wherein
each row includes one row driver line, and wherein each
column includes one column driver, may be calculated as
follows:

m*L, #t

column  ‘column
[0025] wherein S,;, denotes the blocking area of each TFT,
L, and t. . denote the length and width of each row
driver line, respectively, and L_,,,,, and t_.;,.., denote the
length and width of each column driver line, respectively.
Accordingly, the overall area of the display may be approxi-
mately L.on*Lows and the aperture ratio of the display

may be calculated assuming an aspect ratio AR=L_ /L_.-

row’

+HEL, L5

TOW TOW

+H*m?*S €3}

umn.

[0026] It will be appreciated by those skilled in the art that
a higher total area of blocking may correspond to a lower
brightness level of the display, since a larger amount of the
light provided to the display is blocked by the TFTs and/or
driver lines.

[0027] According to some exemplary embodiments of the
invention, system 100 may be implemented for reproducing
a color image having a plurality of more-than-three primary
color pixels, using an array of sub-pixel elements of at least
four different primary colors, wherein the total number,
denoted Sy, of sub-pixel elements in the array is signifi-
cantly smaller than a product P=s*n, wherein s denotes the
number of more-than-three-primary color pixels in the
image, and wherein n denotes the number of the at least four
different primary colors, as described in detail below. For
example, the number of sub-pixel elements in the array as a
fraction of the product P may be related to the number of the
four or more primary colors. The array may include, for
example, sub-pixel elements arranged in at least one repeat-
able color sequence of sub-pixel elements of at least three
primary colors, and the total number of sub-pixel elements
in the array as a fraction of the product P may be equal to
approximately the number of sub-pixel elements in the color
sequence divided by the number of the four or more primary
colors, as described below.

[0028] The human vision system may perceive different
primary colors in different levels of spatial resolution. For
example, the human vision may perceive some primary
colors, e.g., blue and cyan, in a substantially lower level of
spatial resolution in comparison to the perceived spatial
resolution level of other primary colors, e.g., green, yellow
and red. Thus, according to embodiments of the invention,
some of the primary colors, e.g., blue and/or cyan, may be
displayed in a lower spatial resolution, e.g., using a smaller
number of sub-pixel elements, as compared to other primary
colors, e.g., red, green and/or yellow, without significantly
affecting the over-all resolution of the color image perceived
by the human vision system, as described below.

[0029] According to exemplary embodiments of the
invention, the sub-pixel elements of array 113 may be
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arranged in a predetermined configuration including a pre-
determined repeatable pattern including a predetermined,
fixed, number of sub-pixel elements, each corresponding to
one of the n primary colors. For example, array 113 may
include sub-pixel elements of at least four different primary
colors arranged in at least first and second repeatable color
sequences of sub-pixel elements of at least three primary
colors, wherein the first color sequence includes at least one
sub-pixel element of a primary color not included in the
second sequence, as described below. Accordingly, the pat-
tern may include a smaller number of sub-pixel elements
corresponding to one or more predetermined primary colors
compared to the number of sub-pixel elements correspond-
ing to other primary colors. According to some of these
exemplary embodiments, drivers 120 of some of the sub-
pixel elements, e.g., the drivers of sub-pixel elements cor-
responding to the one or more predetermined primary col-
ors, may be provided with a value corresponding to a
combination of sub-pixel data of more than one pixel, as
described below. This manipulation of image data may be
performed, for example, by controller 118.

[0030] Reference is made to FIG. 2, which schematically
illustrates a configuration 200 of sub-pixel elements in a
five-primary display device including a repeatable pattern
201, in accordance with one exemplary embodiment of the
invention.

[0031] Pattern 201 may include sub-pixel elements corre-
sponding to five primary colors, e.g., red, yellow, green,
cyan and blue, arranged in a row including eight sub-pixel
elements.

[0032] According to an exemplary embodiment, pattern
201 may include a smaller number of sub-pixel elements
corresponding to each of the blue and cyan primary colors
in comparison to the number of sub-pixel elements corre-
sponding to each of the red, green and yellow primary
colors, as described below.

[0033] Pattern 201 may include two sub-pixel elements,
e.g., sub-pixel elements 211 and 215, corresponding to the
red primary color, two sub-pixel elements, e.g., sub-pixel
elements 212 and 216, corresponding to the yellow primary
color, two sub-pixel elements, e.g., sub-pixel elements 213
and 217, corresponding to the green primary color, one
sub-pixel element, e.g., sub-pixel element 214 correspond-
ing to the cyan primary color, and one sub-pixel element,
e.g., sub-pixel element 218, corresponding to the blue pri-
mary color.

[0034] According to this exemplary embodiment, configu-
ration 200 may include sub-pixel elements arranged in at
least first and second repeatable color sequences, e.g., color
sequences 230 and 232. Sequence 230 may include at least
one sub-pixel element, e.g., element 214, of a primary color,
e.g., cyan, not included in sequence 232. Sequence 232 may
include at least one sub-pixel element, e.g., element 218, of
a primary color, e.g., blue, not included in sequence 230.

[0035] According to this exemplary embodiment,
sequences 230 and 232 may each include sub-pixel elements
of a predetermined sub-sequence of some of the primary
colors, for example, a red-yellow-green sub-sequence.
According to other embodiments of the invention one or
more of the repeatable color sequences may include any
other predetermined sub-color sequence.
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[0036] According to some exemplary embodiments of the
invention, each pixel of the color image may be reproduced
by one or more sub-pixel elements of configuration 200. For
example, a first pixel of the color image may be reproduced
by sub-pixel elements 214, 215. 216, 217, and/or 218; and
a second pixel, e.g., adjacent to the first pixel, may be
reproduced by sub-pixel elements 218, 233, 234, 235 and/or
236. According to some embodiments of the invention, one
or more sub-pixel elements of configuration 200, for
example, sub-pixel elements corresponding to the blue and/
or cyan primary colors, e.g., sub-pixel elements 214 and/or
218, may be activated based on a value determined by a
combination of sub-pixel data corresponding to two or more
pixels of the color image. Other sub-pixel elements of
configuration 200, for example, sub-pixel elements corre-
sponding to the green, red and/or yellow primary colors,
e.g., sub-pixel elements 211, 212, 213, 215, 216, 217, 233,
234 and/or 235, may be activated based on sub-pixel data
corresponding to one or more pixels. For example, one or
more drivers, e.g. of drivers 120 (FIG. 1), of a sub-pixel
element corresponding to one or more of the red, green or
yellow primary colors, respectively, may be provided with a
value corresponding to red, green and yellow sub-pixel data,
respectively, of one or more pixels. This data arrangement
may be provided by controller 118 (FIG. 1). A driver, e.g. of
drivers 120 (FIG. 1), of a sub-pixel element corresponding
to a primary color not included in one of sequences 230 and
232 may be provided with a value determined by a combi-
nation of sub-pixel data of two or more pixels. For example,
a driver of a sub-pixel element corresponding to the cyan
primary color may be provided with a value determined by
a combination, e.g., an arithmetic average, a weighted
average and/or any other suitable combination, of cyan
sub-pixel data of two or more pixels. A driver, e.g. of drivers
120 (FIG. 1), of a sub-pixel element corresponding to a blue
sub-pixel may be provided, for example, with a value
determined by a combination, e.g., an arithmetic average, a
weighted average and/or any other suitable combination, of
blue sub-pixel data of two or more pixels. The two or more
pixels may include, for example, two or more neighboring
pixels, e.g., two or more vertically, horizontally and/or
diagonally adjacent pixels, or any other two or more pixels
of the color image. Thus, it will be appreciated by those
skilled in the art that since the sub-pixel elements of pattern
201 may be activated to reproduce two pixels, the size of an
effective pixel corresponding to configuration 200 (“the
effective pixel size”) may be equal to half the sum of the
areas of the sub-pixel elements of pattern 201. Controller
118 (F1G. 1) may rearrange the sub-pixel data to provide the
desired sequences of values to drivers 120.

[0037] According to exemplary embodiments of the
invention, the size of some of the sub-pixel elements may be
different than the size of other sub-pixel elements in order to
achieve a desired white balance of the display. For example,
the area covered by each sub-pixel element corresponding to
the blue and/or the cyan primaries may be larger than the
area covered by each sub-pixel element corresponding to the
red, yellow and/or green primaries.

[0038] It will be appreciated by those skilled in the art that
a display system, e.g., system 100 (FIG. 1), implementing
configuration 200 for reproducing a color image including 1
rows of s S-primary pixels, may include 4*s column driver
lines and 1 row driver lines. Such a display may also include
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4*s*] TFTs, e.g., one TFT located on each sub-pixel ele-
ment. Accordingly, a total blocking area of such a display
may be equal to:

45" Liotumn “Tootumnt]* Low * trow 47 15™ Stz @

[0039] Tt will be appreciated by those skilled in the art that
a display according to the exemplary embodiments
described above, may include a smaller number of column
driver lines and a smaller number of TFTs compared to the
number of column driver lines, e.g., 5%s, and the number of
TFTs, e.g., 5*s*1, of other 5-primary display systems, e.g.,
wherein sub-pixel elements of five primary colors are used
for reproducing each pixel. Consequently, a display accord-
ing to the exemplary embodiments described above, may
also have a relatively smaller total blocking area resulting in
a higher brightness level, compared to the total blocking
area, €.2., 5*s*L 1 ¥t ctumnt ¥ Low Flowt S ¥1¥s*S 4, and
the resulting brightness level of other 5-primary display
systems. For example, a 1280x720 display having a 16:9
aspect ratio, i.e., s=1280,1=720 and L __=16/9*L__, ., may
have an aperture ratio of approximately 70%, i.e., a total area
of blocking of approximately 30%, if sub-pixel elements of
five primary colors are used for reproducing each pixel.
Assuming the total area of blocking includes 6% TFT
blocking, and 24% driver lines blocking, and assuming
Cow=leommns 1t Will be appreciated by those skilled in the art
that implementing sub-pixel arrangement 200 may reduce
the TFT blocking to approximately 5%, and the driver line
blocking to approximately 20%. Accordingly, the aperture
ratio of such a display implementing arrangement 200 may
be increased by approximately 5%, e.g. to an approximate
value of 75%. Furthermore, implementing sub-pixel
arrangement 200 may reduce the number of column drivers
by approximately 20%, which may result in a reduction in
a data rate required for activating the sub-pixel elements of
pattern 200.

[0040] Tt will be appreciated by those skilled in the art that
according to other embodiments of the invention, any other
suitable pattern of sub-pixel elements, e.g., including any
suitable two or more repeatable color sequences, may be
implemented by display system 100 (FIG. 1) to form a
sub-pixel configuration similar to configuration 200, e.g., as
described below.

[0041] Reference is also made to FIGS. 3A and 3B which
schematically illustrate a first S-primary pattern 300 of
sub-pixel elements and a second S-primary pattern 310 of
sub-pixel elements, respectively, which may be imple-
mented to form configuration 200 according to other exem-
plary embodiments of the invention.

[0042] Pattern 300 may include two different rows, e.g.,
row 302 and row 304. Row 302 may include sub-pixel
elements arranged, for example, in the order “yellow-green-
red-cyan-yellow-green-red-blue”. Row 304 may include
sub-pixel elements arranged, for example, in the order
“yellow-green-red-blue-yellow-green-red-cyan”.  Accord-
ingly, pattern 300 may include a first color sequence 303,
e.g., including sub-pixels elements of the primary colors
“yellow-green-red-cyan”, and a second color sequence 305,
e.g., including sub-pixels elements of the primary colors
“yellow-green-red-blue”.

[0043] Pattern 310 may include two different rows, e.g.,
row 312 and row 314. Row 312 may include sub-pixel
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elements arranged, for example, in the order “red-yellow-
green-cyan-red-yellow-green-blue”. Row 314 may include
sub-pixel elements arranged, for example, in the order
“red-yellow-green-blue-red-yellow-green-cyan”.  Accord-
ingly, pattern 310 may include a first color sequence 313,
e.g., including sub-pixels elements of the primary colors
“red-yellow-green-cyan”, and a second color sequence 315,
e.g., including sub-pixels elements of the primary colors
“red-yellow-green-blue”. According to other embodiments
of the invention pattern 300 and/or pattern 310 may include
any other suitable configuration of sub-pixel elements.

[0044] Tt will be appreciated by those skilled in the art that
a pattern, e.g., pattern 300 or pattern 310, wherein the
location of the cyan and blue primary colors is interchanged
along the columns, may be implemented to achieve a more
uniform color distribution across the display.

[0045] According to some embodiments of the invention,
an effective pixel of the color image may be reproduced by
sub-pixel elements of more than one row, as described
below.

[0046] Reference is made to FIG. 4, which schematically
illustrates a configuration 400 of sub-pixel elements in a
five-primary display device including a repeatable pattern
401, in accordance with another exemplary embodiment of
the invention.

[0047] Pattern 401 may include sub-pixel elements corre-
sponding to five primary colors, e.g., red, yellow, green,
cyan and blue, arranged in two adjacent rows, e.g., rows 410
and 420.

[0048] According to an exemplary embodiment, pattern
401 may include a smaller number of sub-pixel elements
corresponding to each of the blue and cyan primary colors
in comparison to the number of sub-pixel elements corre-
sponding to each of the red, green and yellow primary
colors, as described below.

[0049] Row 420 may include four sub-pixel elements 412,
416, 415, and 434 corresponding to the primary colors red,
yellow, red and yellow, respectively. Row 410 may include
four sub-pixel elements 413, 414, 417, and 418 correspond-
ing to the primary colors green, cyan, green and blue,
respectively.

[0050] According to this exemplary embodiment, the sub-
pixel elements of pattern 401 may be arranged in at least first
and second repeatable color sequences, e.g., color sequences
460 and 462. Sequence 460 may include at least one
sub-pixel element, e.g., element 414, of a primary color, e.g,,
cyan, not included in sequence 462. Sequence 462 may
include at least one sub-pixel element, e.g., element 418, of
a primary color, e.g., blue, not included in sequence 460.

[0051] According to this exemplary embodiment,
sequences 460 and/or 462 may include sub-pixel elements of
a predetermined sub-sequence of some of the primary col-
ors, for example, a red-yellow-green sub-sequence.

[0052] According to some exemplary embodiments of the
invention, each pixel of the color image may be reproduced
by one or more sub-pixel elements of configuration 400. For
example, a first pixel of the color image may be reproduced
by sub-pixel elements 416, 415, 414, 417 and/or 418; and a
second pixel, e.g., adjacent to the first pixel, may be repro-
duced by sub-pixel elements 434, 418, 433, 435 and/or 436.



US 2008/0030660 A1

According to some embodiments of the invention, one or
more sub-pixel elements of configuration 400, for example,
sub-pixel elements corresponding to the blue and/or cyan
primary colors, e.g., sub-pixel elements 414 and/or 418, may
be activated based on a value determined by a combination
of sub-pixel data corresponding to two or more pixels of the
color image. Other sub-pixel elements of configuration 400,
for example, sub-pixel elements corresponding to the green,
red and/or yellow primary colors, e.g., sub-pixel elements
416, 415, 417, 434, 435 and/or 433, may be activated based
on sub-pixel data corresponding to one or more pixels. For
example, one or more drivers, e.g. of drivers 120 (FIG. 1),
of a sub-pixel element corresponding to one or more of the
red, green and/or yellow primary colors, respectively, may
be provided a value corresponding to red, green and/or
yellow sub-pixel data, respectively, of one or more pixels.
This data arrangement may be provided by controller 118
(FIG. 1). A driver, e.g. of drivers 120 (FIG. 1), of a sub-pixel
element corresponding to the cyan primary color may be
provided with a value determined by a combination, e.g., an
arithmetic average, a weighted average and/or any other
suitable combination, of cyan sub-pixel data corresponding
to two or more pixels. A driver, e.g. of drivers 120 (FIG. 1),
of a sub-pixel element corresponding to a blue sub-pixel
may be provided with a value determined by a combination,
e.g., an arithmetic average a weighted average and/or any
other suitable combination, of blue sub-pixel data corre-
sponding to two or more pixels. The two or more pixels may
include, for example, two or more neighboring pixels, e.g.,
two or more vertically, horizontally and/or diagonally adja-
cent pixels, or any other two or more pixels of the color
image. Thus, it will be appreciated by those skilled in the art
that since the sub-pixel elements of pattern 401 may be
activated to reproduce two pixels, the effective pixel size
corresponding to configuration 400 may be equal to half the
sum of the areas of the sub-pixel elements of pattern 401.
Controller 118 (FIG. 1) may rearrange the sub-pixel data to
provide the desired sequences of values to drivers 120.

[0053] According to exemplary embodiments of the
invention, the size of some of the sub-pixel elements may be
different from the size of other sub-pixel elements in order
to achieve a desired white balance of the displayed image.
For example, the area of each sub-pixel element correspond-
ing to the blue and/or the cyan primaries may be larger than
the area of each sub-pixel element corresponding to the red,
yellow and/or green primaries.

[0054] Ttwill be appreciated by those skilled in the art, that
a display system, e.g., system 100 (FIG. 1), implementing
configuration 400 for reproducing a color image including 1
rows of s S-primary pixels, may include 2*s column driver
lines and 2*] row driver lines. Such a display may also
include 4*s*1 TFTs, e.g., one TFT located on each sub-pixel
element. Accordingly, a total blocking area of such a display
may be equal to:

2L e tootumit 2 ¥ Loy "o A4 156%S g, )
[0055] Tt will be appreciated by those skilled in the art that
the over-all cost of driver lines of a S5-primary display
implementing configuration 400 may be lower compared to
the cost of driver lines of a conventional 3-primary LCD
display, e.g., a display including 3*s column driver lines and
1 row driver lines, because the cost of a column driver line
is generally higher than the cost of a row driver line. It will
also be appreciated by those skilled in the art, that the
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over-all cost of a 5-primary display implementing configu-
ration 400 may be lower compared to the over-all cost of
some four-primary displays, wherein sub-pixel elements of
four or five primaries are used for reproducing each pixel,
and of some five-primary displays, wherein sub-pixel ele-
ments of five primary colors are used for reproducing each
pixel.

[0056] It will further be appreciated by those skilled in the
art that a display according to the exemplary embodiments
described above may have a total blocking area of
2%8* Lot toatumnt 2 ¥ L ow FLow 4 ¥ T¥5*S, , compared to
the total blocking area of a conventional 3-primary LCD
display, €.g. 3*S*Lcolumn*tcolu.mn-l-]*Lrow*trow+3*I*S*Stft'
Furthermore, if L, ,=16/9*L ;... s=1280, and 1=720, an
aperture ratio of approximately 78% may be achieved if
configuration 400 is implemented, which is higher than the
achievable aperture ratio, e.g., 75%, corresponding to con-
figuration 200, which in turn is higher than the achievable
aperture ratio, e.g., 70%, corresponding to a five-primary
display wherein sub-pixel elements of five primary colors
are used for reproducing each pixel.

[0057] Tt will be appreciated by those skilled in the art that
according to other embodiments of the invention, any other
suitable pattern of sub-pixel elements, e.g., including any
suitable two or more repeatable color sequences, may be
implemented by display system 100 (FIG. 1) to form a
configuration similar to configuration 400, e.g.. as described
below.

[0058] Reference is also made to FIG. 5, which schemati-
cally illustrates a 5-primary pattern 500 of sub-pixel ele-
ments, which may be implemented to form a sub-pixel
configuration according to other exemplary embodiments of
the invention. Pattern 500 may include four rows, e.g., row
502, row 504, row 506, and row 508. Row 504 and row 508
may be identical and may each include a 2-primary
sequence, for example, a sequence “red-yellow-red-yellow”.
Row 506 and row 508 may include a 3-primary sequence,
e.g., “green-cyan-green-blue” and a 3-primary sequence,
e.g., “green-blue-green-cyan”, respectively. It will be appre-
ciated by those skilled in the art that a pattern, e.g., pattern
500, wherein the location of the cyan and blue primary
colors is interchanged along the columns, may be imple-
mented to achieve a more uniform color distribution across
the display.

[0059] Some exemplary embodiments of the invention,
e.g., as are described above, may relate to a controller, e.g.,
controller 118 (FIG. 1) able to provide a driver of a sub-pixel
element corresponding to the cyan primary color with a
value determined based on a combination of sub-pixel data
corresponding to the cyan primary color of two or more
pixels, and/or to provide a driver of a sub-pixel element
corresponding to the blue primary color with a value deter-
mined based on a combination of sub-pixel data correspond-
ing to the blue primary color of two or more pixels.
However, other exemplary embodiments of the invention
may include a controller, e.g., controller 118 (FIG. 1) able to
provide the drivers of one or more sub-pixel elements with
a value determined based on any other desired combination
of sub-pixel data of one or more pixels, e.g., as described
below.

[0060] According to some embodiments of the invention,
controller 118 (FIG. 1) may be able to provide drivers, e.g.,
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drivers 120 (FIG. 1), corresponding to sub-pixel elements of
at least first and second color sequences, e.g., as are
described above, based on sub-pixel data corresponding to at
least first and second pixels of the color image. Controller
118 (FIG. 1) may be able, for example, to activate at least
one sub-pixel element of at least one of the first and second
sequences, based on a value determined by a combination of
sub-pixel data of at least the first and second pixels, as
described below.

[0061] According to some exemplary embodiments of the
invention, controller 118 (FIG. 1) may be able to activate a
sub-pixel element of the first/second sequence based on a
value determined by a combination of sub-pixel data of the
sub-pixel element to be activated and the primary color not
included in the first/second sequence. For example, control-
ler 118 (F1G. 1) may be able to provide the drivers of green
sub-pixel elements with a value determined based on a
combination of green sub-pixel data and cyan sub-pixel data
of a pixel; and/or to provide the drivers of blue sub-pixel
elements with a value determined based on a combination of
blue sub-pixel data and cyan sub-pixel data of a pixel.
Alternatively or additionally controller 118 may be able to
provide the drivers of cyan sub-pixel elements with a value
determined based on a combination of blue sub-pixel data
and cyan sub-pixel data of a pixel; and/or to provide the
drivers of red sub-pixel elements with a value determined
based on a combination of blue sub-pixel data and red
sub-pixel data of a pixel.

[0062] In some embodiments, the green, blue and cyan
primaries of a display, e.g., display 100 (FIG. 1) may be
represented by predetermined green, blue and cyan primary

color vectors in the XYZ color space, denoted ?G, ?B, and
?C, respectively.

[0063] According to some exemplary embodiments of the
invention, a combination, e.g., a linear combination, of the
green and blue primary color vectors, may be implemented
to produce a color approximately equivalent or comparable
to the cyan primary color. A desired linear combination may
be determined, for example, using the following equation:

?Csﬁ?Bﬂ?G (4)

wherein [ and y denote parameters relating to the linear
contributions of the blue and green primary colors, respec-
tively. It will be appreciated that the linear combination
according to Equation 4 may be used to reproduce a color
equivalent to the cyan primary color, e.g., if the chromaticity
value of the cyan primary color is located on a line con-
necting the chromaticity values of the green and blue
primary colors, or comparable to the cyan primary color,
e.g., if the chromaticity value of the cyan primary color is
located off but relatively proximal to the line connecting the
chromaticity values of the green and blue primary colots.

[0064] As described above, some pixels of display 100
may be reproduced by a plurality of sub-pixel elements not
including a blue sub-pixel element (“non-blue sub-pixel
elements”), and/or some pixels may be reproduced by a
plurality of sub-pixel elements not including a cyan sub-
pixel (“non-cyan sub-pixel elements”). According to exem-
plary embodiments of the invention, controller 118 (FIG. 1)
may be able to provide the drivers of one or more non-cyan
sub-pixel elements with a value determined based on cyan
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sub-pixel data. For example, controller 118 (FIG. 1) may
provide the drivers of blue and/or green sub-pixel elements
for reproducing a pixel with signals B' and G', respectively,
e.g., according to the following equation set:

B=B+C-p Q)

G=G+Cy
wherein B, G, and C denote the blue, green and cyan image
components of the pixel to be reproduced. According to
some exemplary embodiments of the invention, the values
of one or both of B' and/or G' may be “clipped”, i.e., set to
a maximal producible value of the blue and green primary
colors, respectively, e.g., if the values of B' and/or G'
calculated according to Equation 5 exceed the maximal
producible value of the blue and/or green primary colors,
respectively.

[0065] Ttwill be appreciated by those skilled in the art, that
activating blue and/or green sub-pixel elements based on
cyan sub-pixel data may improve the perceived spatial
resolution of the cyan primary color and/or reduce a pet-
ceived luminance variation between a pixel reproduced by
non-blue sub-pixel elements and a pixel reproduced by
non-cyan sub-pixel elements.

[0066] According to some exemplary embodiments of the
invention, it may be desired to reduce a color shift, e.g., a
cyan color shift, which may result, for example, from
activating one or more non-cyan sub-pixel elements based
on a value determined by cyan sub-pixel data. Such a color
shift may be reduced, according to some exemplary embodi-
ments of the invention, by activating a blue sub-pixel
element, e.g., of a first color sequence, based on a corrected
value determined by a combination, e.g., a sum, of blue
sub-pixel data of a first pixel and a blue correction compo-
nent, AB; activating a green sub-pixel element, e.g., of the
first color sequence, based on a corrected value determined
by a combination, e.g., a sum, of green sub-pixel data of the
first pixel and a green correction component, AG; and
activating a cyan sub-pixel element, for example, of a
second color sequence, e.g., adjacent to the first color
sequence, based on a corrected value determined by a
combination of, e.g., a difference between, cyan sub-pixel
data of a second pixel and a cyan correction component, AC,
as described below.

[0067] According to some exemplary embodiments of the
invention, the correction components AC, AB, and AG may
be determined such that the luminance of the cyan primary
color reproduced by the cyan sub-pixel element is substan-
tially equal to the sum of the luminance of the blue primary
color reproduced by the blue sub-pixel element and the
luminance of the green primary color resulting from the
green correction component AG. Additionally, it may be
desired that the amount of the cyan color resulting from the
cyan correction component AC, will be substantially equal
to the amount of a cyan-equivalent color reproduced by the
green and blue sub-pixel elements, e.g., the sum of the
amount of blue color resulting from the blue correction
component, AB, and the amount of the green color resulting
from the green correction component, AG. For example, the
correction components may be determined using the follow-
ing equations:

(C-AC) Yo=(B+AB) Yo tAG-Ye, ©)

AC P =ABPp+AG B )
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wherein Y., Yy, and Y denote the luminance of the cyan,
blue and green primary colors.

[0068] Substituting Equation 4 in Equation 7 and re-
arranging terms may yield the following equations:

AB=BAC (8
AG=yAC ©

[0069] Substituting Equations 8 and 9 in Equation 6 and
rearranging terms may yield the following equation:

oo _CYe=BY (10)
T Yc+BYpty Yo

[0070] According to exemplary embodiments of the
invention, controller 118 (FIG. 1) may determine a value for
the cyan correction component AC, e.g., by substituting in
Fquation 10 the primary color luminance values Y, Yy, and
Y, predefined parameters f§ and y, and the cyan and a value
corresponding to the blue sub-pixel data of the first pixel.
Controller 118 may additionally determine a value for the
blue correction component AB and/or a value for the green
correction component AG, e.g., using Equations 8 and 9.
Controller 118 may provide the blue, green and cyan sub-
pixel elements with corrected values, e.g., based on the
correction components AB, AG, and AC, e.g., as described
above.

[0071] According to some exemplary embodiments of the
invention, the corrected value provided to the blue sub-pixel
and/or the corrected value provided to the green sub-pixel
may be clipped, e.g., if the corrected value provided to the
blue sub-pixel element and/or the corrected value provided
to the green sub-pixel element exceed the maximal produc-
ible value of the blue and/or green primary colors, respec-
tively.

[0072] Some exemplary embodiments of the invention,
e.g., as are described above, relate to activating green and/or
blue sub-pixel elements based on cyan sub-pixel data; and/or
activating green, blue and/or cyan sub-pixel elements based
on corrected values. However, other embodiments of the
invention may analogously be implemented for activating
one or more other sub-pixel elements, e.g., a cyan sub-pixel
element or cyan and red sub-pixel elements, based on other
sub-pixel data, e.g., blue sub-pixel data; and/or activating
other sub-pixel elements, e.g., cyan red and blue sub-pixel
elements, based on corrected values. For example, in other
embodiments, one or more sub-pixel elements may be
activated based on any suitable combination of sub-pixel
data of one or more pixels, e.g., a combination correspond-
ing to a spatial function of one or more pixels.

[0073] Various embodiments of the invention may also use
different alternating colors than cyan-blue, as described
above. For example, in one embodiment of the invention,
depicted in FIG. 6A, the display may comprise alternating
pixels 610 and 620. A first pixel 610 may include sub-pixel
elements red, green, blue and yellow. A second pixel 620,
adjacent to the first pixel 610, may include sub-pixel ele-
ments cyan, red, green and blue. It will be recognized that
pixels such as pixels 610 and 620 may repeat alternatingly
to cover substantially the entire display.
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[0074] According to embodiments of the invention having
alternating cyan-yellow in adjacent pixels, depicted in FIG.
6A, in a pixel containing the yellow sub-pixel, cyan may be
produced using by modifying the intensity values of the
green and blue sub-pixels to include a cyan component, as
discussed, for example at Equation (5) and Equations (8) to
(10), above or any of the other above equations. Likewise,
in a pixel containing the cyan sub-pixel, yellow may be
produced by modifying the intensity values of the green and
red sub-pixels to include a yellow component, using the
equations above for yellow using red and green sub-pixels.
Thus, for example, in the arrangement of FIG. 6A, the blue
sub-pixel will carry blue information and a portion of cyan
information; the red sub-pixel will carry red information and
a portion of yellow information; and the green sub-pixel will
carry green information and a portion of both cyan and
yellow information. Embodiments of the present invention
may also enable enhancement of white or luminance infor-
mation by modifying two sets of sub-pixels independently,
e.g., modifying RGB and YC sets of sub-pixels to enhance
the luminance resolution of the resulting image.

[0075] Displays according to the present invention may be
operated in at least two modes. In a first mode, the number
of data pixels per line in the data stream may be identical to
the number of display pixels. In such first mode, each data
pixel may be converted into sub-pixel values for within each
display pixel. This conversion may be performed by trans-
lating the three-dimensional input for each of the display
pixels to the sub-pixel values representing the colors within
each corresponding pixel. For example, using the embodi-
ment of FIG. 6A, RGB input data may be converted into
RGBY display data for a pixel containing yellow, and into
RGBC display data for a pixel containing cyan. Alterna-
tively, the three-dimensional input may be converted to color
values for all n colors for each pixel, and based on the
sub-pixels included in each particular pixel, further process-
ing may be applied to determine the intensity values for each
of the sub-pixels in the pixel, as discussed in the above
equations, e.g., Equations (5) and (8) to (10), and similar
equations for yellow using red and green sub-pixels.

[0076] In asecond mode of operation, for example, when
the display is a monitor provided by graphic data from a
computer, data may be provided at a higher resolution than
that of the display. For example, the number of data pixels
per line may be greater than the number of display pixels in
that line. In another example, the data may be given in vector
format, e.g., infinite resolution, and then be rendered directly
to the display format. Such data may be, for example, text
or graphic data in many computer applications. Accordingly,
the high resolution input data stream may be sampled more
than once per display pixel, thus enhancing the resolution.
Thus, for each display pixel, more than one input data point
may be obtained.

[0077] For example, in the case of black-and-white data,
or gray scale data, the data may be sampled three times per
two sub-pixels of FIG. 6A: at the center of the RGB
sub-pixels, e.g., at the G sub-pixels, of the first and second
pixels; and at the center of the YC sub-pixels, e.g., at the
junction of the Y sub-pixel of the first pixel and the C
sub-pixel of the second pixel. The black-and-white data may
then be reconstructed by the two RGB triads in the first and
second pixels and the CY sub-pixel combination. For a
general color input, a separation to a luminance and color



US 2008/0030660 A1

channels may be performed, the luminance channel pro-
cessed, and samples at the higher spatial frequency, while
the chromatic channels processed at the display resolution.

[0078] In another example using FIG. 6A, yellow infor-
mation may be sampled and displayed at three locations for
each two adjacent pixels, e.g., at each yellow sub-pixel and
at each red and green pair of sub-pixels, as depicted in FIG.
6B. Similarly, cyan information may be sampled and dis-
played at three locations for each two adjacent pixels, e.g.,
at each cyan sub-pixel and at each blue and green pair of
sub-pixels, as depicted in FIG. 6C.

[0079] Tt will be recognized that the embodiment of the
invention depicted in FIG. 6A represents an n-color display,
n representing the total number of colors represented by the
sub-pixels, where n=5. It will be recognized that in various
embodiments of the invention, n may be any number greater
than three. Each pixel comprises a number m of sub-pixels,
where not all of n pixels are represented in each pixel. In the
embodiment depicted in FIG. 6A, therefore, m=4.

[0080] Tt will be recognized that the arrangement of sub-
pixels depicted in the embodiment of FIG. 6A may be
modified within the spirit of the invention. In one embodi-
ment, n=5 and m=3, with one color repeating, for example,
red, and two colors alternating, for example, blue-yellow in
one pixel and cyan-green in the next pixel. In another
embodiment, n=6 and m=4, with two colors repeating, for
example, red and green, and two colors alternating, for
example, blue-yellow in one pixel and cyan-magenta in the
next pixel. In yet another embodiment, n=6 and m=4, with
one sub-pixel alternating among cyan, yellow and magenta
in each of three adjoining pixels. In yet another embodiment,
n=6 and m=5, with red, green and blue repeating, and two
sub-pixels in each pixel alternating among cyan and yellow,
yellow and magenta, and cyan and magenta.

[0081] Tt will be further recognized that the particular
ordering of the sub-pixels within each pixel may provide
certain advantages. For example, in the embodiment
depicted in FIG. 6A, it will be recognized that the enhance-
ment of the white, yellow and cyan may be distributed
evenly by the placement of the sub-pixels.

[0082] Thus, for example, in the embodiment depicted at
FIG. 6A, the yellow information may be carried by red and
green sub-pixels, and by the yellow sub-pixels. Thus, it will
be noted that the red and green sub-pixels are adjacent each
other in both pixels 610 and 620. Moreover, the yellow
information units, e.g., red-green sub-pixel pairs and the
yellow sub-pixels, are equidistant from each other on any
side. In order to demonstrate this feature, FIG. 6B depicts
the sub-pixels in FIG. 6A that carry yellow information,
omitting sub-pixels that carry no yellow information. It may
be observed that red-green sub-pixel pairs and yellow sub-
pixels are separated by one sub-pixel, thereby producing a
uniform distribution of yellow information.

[0083] Similarly, for example, in the embodiment depicted
at FIG. 6A, the cyan information may be carried by blue and
green sub-pixels, and by the cyan sub-pixels. Thus, it will be
noted that the blue and green sub-pixels are adjacent each
other in both pixels 610 and 620. Moreover, the yellow
information units, e.g., red-green sub-pixel pairs and the
yellow sub-pixels, are equidistant from each other on any
side. In order to demonstrate this feature, FIG. 6C depicts
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the sub-pixels in FIG. 6A that carry cyan information,
omitting sub-pixels that carry no cyan information. It may be
observed that blue-green sub-pixel pairs and cyan sub-pixels
are separated by one sub-pixel, thereby producing a uniform
distribution of cyan information.

[0084] Another embodiment of the invention is depicted at
FIG. 6D. It will be noted that in this embodiment, as with
FIG. 6A, RGB sub-pixels are located in each pixel. How-
ever, the yellow and cyan are not adjacent to each other at
the border of the adjacent pixels, but rather, the yellow and
cyan sub-pixels are separated by a set of RGB subpixels.
Accordingly, as with FIG. 6A, RGB colors may be evenly
distributed, but the yellow and cyan may have different
distribution than in FIG. 6A.

[0085] In this configuration, the luminance (white) signal
may be reproduced with higher resolution using the RG, Y,
and C units, while the B sub-pixels may be used to com-
pensate for color deviation from white.

[0086] Another embodiment of the invention is depicted in
FIG. 7A. The configuration depicted in FIG. 7A may enables
even distribution of high intensity, e.g., green, vellow and
cyan subpixels. It will be noted that in the arrangement of
FIG. 7A, every alternate location contains either a green,
yellow or cyan subpixel.

[0087] The configuration of the invention depicted in FIG.
7A may also enable increased white, yellow and cyan
resolution. In this embodiment of the invention, white
resolution may be enhanced by modifying sets of three
adjacent sub-pixels. FIG. 7B depicts the embodiment of
FIG. 7A divided into overlapping sets of three adjacent
sub-pixels. In the illustration of FIG. 7B, each of the red and
blue sub-pixels are “divided” into two halves, with each of
the halves belonging to a different set of sub-pixels, each set
producing white. Thus, for example, the first three sub-
pixels of pixel 710 include R/2, G and B/2. These sub-pixels
therefore, may be used to produce a white enhancement,
albeit a slightly green white, insofar as the green has twice
as much representation as the red and blue. The next
overlapping set of three sub-pixels is B/2, Y, and B/2, which
vields white. The next set, B/2, G, and R/2 would again
produce a greenish white. Finally, the set of sub-pixels
comprising R/2, C, and R/2 would yield a slightly reddish
white. For purposes of enhanced resolution, these slight
color variations, e.g., greenish, reddish, are not important.

[0088] In addition to the above white enhancement, the
embodiment of FIG. 7A may be used to enhance yellow and
cyan resolution. Reference is made to the illustration of FIG.
7C, which depicts sub-pixels in pixels 710 and 720 having
yellow information. For yellow resolution, it will be noted
that red and green sub-pixel pairs may be kept adjacent to
each other, and are equidistant from the yellow sub-pixels
and from each other. Reference is made to the illustration of
FIG. 7D, which depicts sub-pixels in pixels 710 and 720
having cyan information. For cyan resolution, it will be
noted that blue and green sub-pixel pairs may be kept
adjacent to each other, and are equidistant from the cyan
sub-pixels and from each other.

[0089] Some embodiments of the invention may form
pixels by using sub-pixels in more than one row. Reference
is made to FIGS. 84, 8B and 8C, which depict double-row
pixel embodiments of the invention in which sub-pixels are
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arranged in a square matrix to form a pixel. In all of FIGS.
8A, 8B and 8C, pixels alternate horizontally between RGBY
and RGBC. In FIG. 8A, the red, green and blue sub-pixels
are in the same location in all pixels, and the fourth place
alternates between yellow and cyan. FIG. 8B is similar to
FIG. 8A in most regards, however, it will be recognized that
the adjacency of the red and green sub-pixels may produce
greater effectiveness in yellow enhancement, and the adja-
cency of blue and green sub-pixels may produce greater
effectiveness in cyan enhancement.

[0090] In FIG. 8C, the locations of red, green and blue
sub-pixels change between the RGBY and RGBC sub-
pixels. It will be recognized that in the embodiment of FIG.
8C, there is a vertical shift between horizontally adjacent
pixels, thereby maintaining a relatively uniform distance
between sub-pixels of the same color in adjacent pixels for
evenness of display. Thus, the distance between any two red
sub-pixels in horizontally adjacent pixels is the distance of
two sub-pixels horizontally and one sub-pixel vertically.
Other configurations are possible consistent with the present
invention, provided that in each pixel are red, blue, green
and a fourth sub-pixel, where the fourth sub-pixel alternates
between cyan and yellow.

[0091] The above aspects of embodiments of the invention
demonstrated the alternating arrangement of pixels within
each row in the case of single-row pixels, or pair of rows in
the case of double-row pixels. In some embodiments of the
invention, the arrangement of the rows or pixels with respect
to each other may further provide certain advantages.

[0092] With respect to single-row pixels, in some embodi-
ments of the invention, the rows may be arranged in stripe
fashion, such that each sub-pixel is vertically adjacent to
sub-pixels of the same color. This may provide clean vertical
lines and ease of manufacturing.

[0093] Reference is made to FIGS. 9A, 9B and 9C, which
depict the single-row pixel embodiment of the invention
depicted in FIG. 6A, in which sub-pixels in each row may
be shifted versions of the arrangements in the rows above
them. Each row may be shifted by the same number of
sub-pixels. Thus, in FIG. 9A, each row is shifted by one
sub-pixel. In FIG. 9B, each row is shifted by two sub-pixels.
In FIG. 9C, each row is shifted by three sub-pixels. One
advantage of shifted or staggered arrangements is unifor-

mity.

[0094] Reference is made to FIGS. 10A and 10B, which
depict double-row pixel embodiments of the invention
depicted in FIG. 8A, in which sub-pixels in each pair or rows
may be shifted versions of the arrangements in the pair of
rows above them. Each pair of rows may be shifted by the
same number of sub-pixels. Thus, in FIG. 10A, each pair of
rows is shifted by one sub-pixel. In FIG. 10B, each pair of
rows is shifted by two sub-pixels. A shift of any number of
sub-pixels in either horizontal direction may be possible, for
example, one sub-pixel, two sub-pixels, three sub-pixels,
etc.

[0095] Reference is made to FIGS. 11A and 11B, which
depict the double-row pixel arrangement of FIG. 8B. It will
be recognized that in the embodiment of FIG. 11A, there is
no shift between pairs of rows, because of the effective
vertical shift between horizontally adjacent pixels. Thus, for
example, a uniform distance is maintained between sub-
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pixels of the same color. Other arrangements consistent with
embodiments of the present invention are possible.

[0096] Tt will be noted that in some embodiments of the
invention, such shifted or staggered display sub-pixel
arrangements may allow certain single color sub-pixels to be
placed more closely in the horizontal direction, thus improv-
ing resolution.

[0097] The above embodiments of the invention included
non-white sub-pixels, e.g., red, blue, green, cyan and yellow
sub-pixels. In some embodiments of the invention, a display
may include both white and non-white sub-pixels. In some
embodiments of the invention, each pixel may have four
sub-pixels, where each pixel includes red, green and blue
sub-pixels, and the fourth color in each pixel alternates
between yellow and white. This embodiment of the inven-
tion may produce yellow enhancement while providing
enhanced brightness. It will be recognized that this embodi-
ment of the invention may be used, for example, in con-
junction with any of the above alternating cyan-yellow
arrangements by replacing cyan sub-pixels with white sub-
pixels.

[0098] Although some of the exemplary devices, systems
and/or methods described above are described in the context
of devices for reproducing five primary colors, it will be
appreciated by those skilled in the art, that similar devices,
systems and/or methods may be implemented, with appro-
priate changes, in conjunction with devices for reproducing
more or less than five primary colors.

[0099] While certain features of the invention have been
illustrated and described herein, many modifications, sub-
stitutions, changes, and equivalents will now occur to those
of ordinary skill in the art. It is, therefore, to be understood
that the appended claims are intended to cover all such
modifications and changes as fall within the true spirit of the
invention.

We claim:

1. A display comprising a plurality of pixels, each pixel
including at least one constant-color sub-pixel having a
color present in all adjacent pixels, and at least one alter-
nating-color sub-pixel having a color not present in at least
one adjacent pixel, wherein the number of non-white colors
of said constant-color and alternating-color sub-pixels in the
display is greater than three, wherein at least some pixels
have a yellow alternating-color sub-pixel.

2. The display of claim 1, wherein at least some pixels
have a cyan alternating-color sub-pixel.

3. The display of claim 2, wherein said yellow sub-pixel
in a first pixel is adjacent to a cyan sub-pixel of a pixel
adjacent to said first pixel.

4. The display of claim 1, wherein at least some pixels
have a white alternating-color sub-pixel.

5. The display of claim 1, wherein said pixels have a red
constant-color sub-pixel.

6. The display of claim 5, wherein said pixels have a green
constant-color sub-pixel.

7. The display of claim 6, wherein said pixels have a blue
constant-color sub-pixel.

8. The display of claim 7, wherein in any pixel, red and
green sub-pixels are adjacent to each other and blue and
green sub-pixels are adjacent to each other.

9. The display of claim 1, wherein each pixel comprises
exactly four sub-pixels.
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10. The display of claim 1, wherein each pixel comprises
exactly five sub-pixels.

11. The display of claim 1, wherein each pixel comprises
exactly six sub-pixels.

12. The display of claim 1, wherein sub-pixels in each
pixel are positioned in a single horizontal row.

13. The display of claim 12, wherein each sub-pixel is
vertically adjacent to at least one sub-pixel of the same color.

14. The display of claim 12, wherein the sub-pixels in
each row are horizontally shifted with respect to correspond-
ingly-colored sub-pixels in a vertically adjacent row.

15. The display of claim 1, wherein the sub-pixels in each
pixel are positioned in two vertically adjacent horizontal
rOws.

16. The display of claim 15, wherein each pixel consists
of four sub-pixels.

17. The display of claim 16, wherein red, green and blue
sub-pixels are located in the same respective positions in
each horizontally adjacent pixel.

18. The display of claim 17, wherein red and green
sub-pixels of each pixel are adjacent to each other and blue
and green sub-pixels of each pixel are adjacent to each other.

19. The display of claim 15, wherein the sub-pixels in
each pair of rows are horizontally shifted with respect to
corresponding sub-pixels in a vertically adjacent pair of
rOWS.

20. The display of claim 19, wherein red and green
sub-pixels of each pixel are adjacent to each other and blue
and green sub-pixels of each pixel are adjacent to each other.
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21. In a display comprising a plurality of pixels, each
comprising a plurality of sub-pixels, wherein constant-color
sub-pixels are included in each pixel, and alternating-color
sub-pixels are only included in less than all pixels of the
display, wherein the number n of non-white colors of said
constant-color and alternating-color sub-pixels is greater
than three, a method of enhancing a displayed image with
respect to an alternating color comprising:

obtaining a plurality of input pixel data points correspond-
ing to a plurality of display locations at each display
pixel;

converting said plurality of input pixel data for each pixel
into n-color data; and

displaying on at least one constant-color sub-pixel at each
pixel an intensity value corresponding to the constant-
color intensity value of said converted pixel data modi-
fied based on an intensity value of said converted pixel
data corresponding to an alternating-color not present
in said pixel.

22. The method of claim 21, further comprising;

displaying on a second constant-color sub-pixel at each
pixel an intensity value corresponding to the second
constant-color intensity value of said converted pixel
data modified based on an intensity value of said
converted pixel data corresponding to the alternating-
color not present in said pixel.
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