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(54) COLOR IMAGING ELEMENT

(57) Provided is a single-plate color imaging element
including color filters in a predetermined color filter array
arranged on a plurality of pixels formed by photoelectric
conversion elements arranged in a diagonal grid shape.
The color filter array of the color imaging element includes
a predetermined basic array pattern P of 636 pixels in a
diagonal grid shape including more G filters correspond-
ing to green (G) with a high contribution ratio for obtaining
luminance signals than R and B filters corresponding to
red (R) and blue (B) with low contribution ratios for ob-
taining the luminance signals other than G, and the basic
array pattern P is repeatedly arranged in a diagonal grid
shape. One or more G filters are arranged in each line
in horizontal, vertical, upper right, and lower right direc-
tions of the color filter array, and one or more R and B
filters are arranged in each line in the upper right and
lower right directions in the basic array pattern P.
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Description

{Technical Field}

[0001] The present invention relates to a color imaging
element, and particularly, to a color imaging element that
can decrease generation of color moire and increase res-
olution.

{Background Art}

[0002] An output image of a single-plate color imaging
element is a RAW image (mosaic image). Therefore, a
multi-channel image is obtained by a process of interpo-
lating (demosaicing processing) a pixel of a missing color
from a surrounding pixel. In this case, there is a problem
in reproduction characteristics of a highfrequency image
signal. Compared to a black and white imaging element,
aliasing easily occurs in an image taken by a color im-
aging element, and it is important to expand a reproduc-
tion band to increase resolution while decreasing gener-
ation of color moire (false color).
[0003] The demosaicing process is a process of cal-
culating all color information of each pixel from a mosaic
image corresponding to a color filter array of the single-
plate color imaging element and is also called synchro-
nization processing. For example, in a case of an imaging
element including color filters of three RGB colors, the
color information of all of RGB is calculated in the process
for each pixel from the mosaic image made of RGB.
[0004] A primary-color Bayer array as a color array
most widely used in the single-plate color imaging ele-
ment includes green (G) pixels arranged in a check pat-
tern and red (R) and blue (B) arranged line-sequentially.
Therefore, G signals have a problem of reproduction ac-
curacy in generation of high frequency signals in oblique
directions, and R and B signals have a problem of repro-
duction accuracy in generation of high frequency signals
in horizontal and vertical directions.
[0005] A black and white vertical-striped pattern (high
frequency image) as shown in (A) portion of Figure 19
enters an imaging element in a Bayer array shown in (B)
portion of Figure 19, and the pattern is sorted into Bayer
color arrays to compare the colors. As shown in (C) to
(E) portions of Figure 19, R forms a light and flat color
image, B forms a dark and flat color image, and G forms
a light and dark mosaic color image. Although there is
no density difference (level difference) between RGB
with respect to the original black and white image, the
image is colored depending on the color array and the
input frequency.
[0006] Similarly, a black and white oblique high fre-
quency image as shown in (A) portion of Figure 20 enters
an imaging element in a Bayer array shown in (B) portion
of Figure 20, and the image is sorted into Bayer color
arrays to compare the colors. As shown in (C) to (E) por-
tions of Figure 20, R and B form light and flat color images,
while G forms a dark and flat color image. Assuming that

the value of black is 0 and the value of white is 255, the
black and white oblique high frequency image turns
green, because only G is 255. In this way, an oblique
high frequency image cannot be correctly reproduced in
the Bayer array.
[0007] In the imaging apparatus using the single-plate
color imaging element, an optical low-pass filter formed
by an anisotropic substance such as crystal is generally
arranged on the front side of the color imaging element
to prevent optically reducing the high frequency wave.
However, although the coloring caused by folding of the
high frequency signal can be reduced in the method,
there is a problem that the resolution is reduced accord-
ingly.
[0008] To solve the problem, a color imaging element
is proposed, wherein a color filter array of the color im-
aging element is a three-color random array satisfying
array restrictions in which an arbitrary target pixel is ad-
jacent to three colors including the color of the target pixel
on four sides of the target pixel (PTL 1).
[0009] An image sensor of a color filter array is also
proposed, wherein the image sensor includes a plurality
of filters with different spectral sensitivity, and first and
second filters among the plurality of filters are alternately
arranged in a first predetermined period in one of the
diagonal directions of a pixel grid of the image sensor
and are alternately arranged in a second predetermined
period in the other diagonal direction (PTL 2).
[0010] A color array is further proposed, wherein in a
color solid-state imaging element of three primary colors
of RGB, sets of three pixels including horizontally ar-
ranged R, G, and B are arranged in a zigzag manner in
the vertical direction to make appearance frequencies of
RGB equal and to cause arbitrary lines (horizontal, ver-
tical, and oblique lines) on an imaging plane to pass
through all colors (PTL 3).
[0011] Furthermore, a color imaging element is also
proposed, wherein R and B among the three primary
colors of RGB are arranged every three pixels in hori-
zontal and vertical directions, and G is arranged between
R and B (PTL 4).
[0012] A color imaging element is also proposed,
wherein pixels are arranged in a diagonal grid shape (ad-
jacent pixels on horizontal lines are arranged at a 1/2
pixel pitch), and lines with only G pixels and lines with
repeated R, B pixels or B, R pixels are alternately ar-
ranged (PTL 5).
[0013] A color imaging element is further proposed,
the color imaging element including a plurality of pixels
formed by photoelectric conversion elements arranged
in a square grid shape and including a first pixel group
and a second pixel group arranged in a checked grid
shape, wherein color filters in the same color filter array
as in PTL 5 are arranged for the first and second pixel
groups (PTL 6). According to the imaging element, an
image corresponding to the first pixel group and an image
corresponding to the second group can be acquired at
the same time by changing the exposure conditions, and
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the images can be combined to generate a wide dynamic
image.

{Citation List}

{Patent Literature}

[0014]

{PTL 1}
Japanese Patent Application Laid-Open No.
2000-308080
{PTL 2}
Japanese Patent Application Laid-Open No.
2005-136766
{PTL 3}
Japanese Patent Application Laid-Open No.
11-285012
{PTL 4}
Japanese Patent Application Laid-Open No.
8-23543
{PTL 5}
Japanese Patent Application Laid-Open No.
10-136391
{PTL 6}
Japanese Patent Application Laid-Open No.
2009-60342

{Summary of Invention}

{Technical Problem}

[0015] In the color imaging element described in PTL
1, the filter arrays are random, and each random pattern
needs to be optimized in a demosaicing process in a later
stage. There is a problem that the demosaicing process
becomes cumbersome. Although the random arrays are
effective for color moire in a low frequency wave, the
random arrays are not effective for a false color at a high
frequency section.
[0016] In the image sensor described in PTL 2, the G
pixels (luminance pixels) are arranged in a check pattern.
Therefore, there is a problem that the pixel reproduction
accuracy in a limit resolution area (particularly in oblique
direction) is not excellent.
[0017] The color solid-state imaging element de-
scribed in PTL 3 includes filters of all colors on arbitrary
lines and has an advantage that the generation of false
color can be suppressed. However, the proportions of
the numbers of pixels of RGB are equal, and there is a
problem that the high frequency reproducibility is lower
than that in a Bayer array. In the Bayer array, the pro-
portion of the number of pixels of G that most contributes
to obtaining luminance signals is twice the proportions
of the numbers of pixels of R and B.
[0018] Meanwhile, in the color imaging element de-
scribed in PTL 4, the proportion of the number of pixels
of G with respect to the numbers of pixels of R and B is

greater than that in the Bayer array, and there are lines
with only G pixels in the horizontal or vertical direction.
Therefore, the color imaging element is not effective for
the false color at a high frequency section in the horizontal
or vertical direction.
[0019] The color filter array of the color imaging ele-
ments described in PTL 5 and 6 corresponds to a general
Bayer array rotated by 45°. Therefore, the color filter array
has the flaws of the Bayer arrays described in Figures
19 and 20.
[0020] The present invention has been made in view
of the circumstances, and an object of the present inven-
tion is to provide a color imaging element that can de-
crease the generation of false color and increase the res-
olution and that can simplify the process of a later stage
compared to the conventional random array.

{Solution to Problem}

[0021] To attain the object, an invention according to
an aspect of the present invention provides a single-plate
color imaging element including color filters in a specific
color filter array arranged on a plurality of pixels formed
by photoelectric conversion elements arranged in a di-
agonal grid shape, wherein the color filter array includes
a basic array pattern provided with first filters correspond-
ing to a first color with one or more colors and second
filters corresponding to a second color with two or more
colors with contribution ratios for obtaining luminance sig-
nals lower than the first color, the basic array pattern is
repeatedly arranged in a diagonal grid shape, one or
more first filters are arranged in each line in horizontal,
vertical, upper right, and lower right directions of the color
filter array, one or more second filters corresponding to
each color of the second color are arranged in each line
in the upper right and lower right directions of the color
filter array in the basic array pattern, and a proportion of
the number of pixels of the first color corresponding to
the first filters is greater than a proportion of the number
of pixels of each color of the second color corresponding
to the second filters.
[0022] According to the color imaging element of the
aspect of the present invention, the first color correspond-
ing to the first color with a high distribution ratio for ob-
taining luminance signals are arranged in each line in the
horizontal, vertical, upper right, and lower right directions
of the color filter array. Therefore, the reproduction ac-
curacy of a demosaicing process in a high frequency area
can be improved. Furthermore, one or more second fil-
ters corresponding to a second color with two or more
colors other than the first color are arranged in each line
in the upper right and lower right directions of the color
filter array. This can reduce the generation of color moire
(false color) to increase the resolution.
[0023] In the color filter array, the basic array pattern
is repeatedly arranged in diagonal grid shape. Therefore,
the demosaicing processing in a later stage can be ex-
ecuted according to the repeated pattern, and the
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processing in the later stage can be simplified compared
to the conventional random array.
[0024] Furthermore, the proportion of the number of
pixels of the first color corresponding to the first filters
and the proportion of the number of pixels of each color
of the second color corresponding to the second filters
are different, and particularly, the proportion of the
number of pixels of the first color with a high contribution
ratio for obtaining the luminance signals is greater than
the proportion of the number of pixels of each color of
the second color corresponding to the second filters.
Therefore, aliasing can be suppressed, and high frequen-
cy reproducibility is excellent.
[0025] An invention according to another aspect of the
present invention provides a single-plate color imaging
element, wherein a plurality of pixels formed by photoe-
lectric conversion elements arranged in a square grid
shape are sorted into a first pixel group and a second
pixel group arranged in a checked grid shape, the first
pixel group and the second pixel group are provided with
color filters in a same specific color filter array, the color
filter array includes a basic array pattern provided with
first filters corresponding to a first color with one or more
colors and second filters corresponding to a second color
with two or more colors with contribution ratios for ob-
taining luminance signals lower than the first color, the
basic array pattern is repeatedly arranged in a diagonal
grid shape, one or more first filters are arranged in each
line in horizontal, vertical, upper right, and lower right
directions of the color filter array, one or more second
filters corresponding to each color of the second color
are arranged in each line in the upper right and lower
right directions of the color filter array in the basic array
pattern, and a proportion of the number of pixels of the
first color corresponding to the first filters is greater than
a proportion of the number of pixels of each color of the
second color corresponding to the second filters.
[0026] Although the pixel groups of the color imaging
element including the first pixel group and the second
pixel group are arranged in the square grid shape, the
first pixel group and the second pixel group are arranged
in the checked grid shape (diagonal grid shape).
[0027] Although the color filters on the first pixel group
and the color filters on the second pixel group are shifted
at one pixel pitch in the horizontal or vertical direction,
color filters of the same color filter array are arranged.
The color filter arrays are the same arrays as in one as-
pect of the present invention. Therefore, the reproduction
accuracy of the demosaicing process in a high frequency
area can be improved, and the generation of color moire
(false color) can be reduced to increase the resolution.
An image (first image) formed by the first pixel group and
an image (second image) formed by the second pixel
group can be acquired at the same time by changing the
exposure conditions, and the first and second images
can be combined to generate a wide dynamic image.
[0028] It is preferable that in the color imaging element
according to another aspect of the present invention, the

color filter array includes a section where the first filters
continue for two or more pixels in each line in the hori-
zontal, vertical, upper right, and lower right directions.
[0029] As a result, the direction with a small change in
luminance (direction with high correlation) among the
horizontal, vertical, upper right, and lower right directions
can be determined at minimum pixel intervals.
[0030] It is preferable that in the color imaging element
according to another aspect of the present invention, the
color filter array includes a cross shape array including
vertically and horizontally adjacent four pixels formed by
the first filters. The pixel values of the four pixels arranged
in the cross shape can be used to determine the direction
with high correlation among the horizontal, vertical, upper
right, and lower right directions.
[0031] Preferably, in the color imaging element accord-
ing to another aspect of the present invention, the color
filter array in the basic array pattern is point-symmetric
with respect to a center of the basic array pattern. As a
result, the circuit size of the processing circuit in a later
stage can be reduced.
[0032] Preferably, in the color imaging element accord-
ing to another aspect of the present invention, the basic
array pattern is a diagonal grid array pattern correspond-
ing to N3N (N: integer 4 or more and 8 or less) pixels.
[0033] The diagonal grid array pattern corresponding
to N3N pixels is an array pattern in a rhombic shape
including N pixels in each of the oblique directions. This
is because if the number of pixels N in the oblique direc-
tions of the diagonal grid array pattern is smaller than 4,
conditions of the color filter array according to the present
invention are not satisfied. If N exceeds 8, signal process-
ing such as a demosaicing process becomes complicat-
ed, and an advantageous effect cannot be particularly
obtained by increasing the size of the basic array pattern.
[0034] It is preferable that in the color imaging element
according to another aspect of the present invention, the
basic array pattern is a diagonal grid array pattern cor-
responding to 636 pixels.
[0035] As described, it is preferable that the basic array
pattern is a diagonal grid array pattern corresponding to
N3N pixels, and N is an integer 4 or more and 8 or less.
It is more advantageous in the demosaicing process
when N is an even number, compared to when N is an
odd number. If N is 4, the basic array pattern does not
include a section where the first filters continue for two
or more pixels in each line in the horizontal, vertical, upper
right, and lower right directions, and this is disadvanta-
geous in determining the direction with a small change
in luminance. If N is 8, the signal processing becomes
more complicated, compared to when N is 6. Therefore,
it is most preferable that the basic array pattern is a di-
agonal grid array pattern in which N is 6, that is, a diagonal
grid array pattern corresponding to 636 pixels.
[0036] It is preferable that in the color imaging element
according to another aspect of the present invention, the
color filter array includes the first filters arranged at a
center and four corners in a diagonal grid array of 3x3
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pixels, and the diagonal grid array of 333 pixels is re-
peatedly arranged in a diagonal grid shape. The first fil-
ters are arranged at the four corners of the 333 pixel
group. Therefore, when the 333 pixel group is repeatedly
arranged in a diagonal grid shape, the color filter array
includes a diagonal grid array corresponding to 232 pix-
els formed by the first filters. The pixel values of the 232
pixels can be used to determine the direction with high
correlation among the horizontal, vertical, upper right,
and lower right directions.
[0037] In the color imaging element according to an-
other aspect of the present invention, the second filters
may be arranged in each line in the horizontal, vertical,
upper right, and lower right directions of the color filter
array. As a result, the color reproducibility in the horizon-
tal and vertical directions can be further improved.
[0038] In the color imaging element according to an-
other aspect of the present invention, the first color is
green (G), and the second color is red (R) and blue (B).
[0039] It is preferable that in the color imaging element
according to another aspect of the present invention, the
basic array pattern is a diagonal grid array pattern cor-
responding to 636 pixels, and the diagonal grid array
pattern includes alternately arranged first diagonal grid
arrays and second diagonal grid arrays, the first diagonal
grid array corresponding to 333 pixels, the first diagonal
grid array including G filters arranged at a center and four
corners, the first diagonal grid array including B filters
arranged in the upper right direction across the G filter
at the center, the first diagonal grid array including R fil-
ters arranged in the lower right direction, the second di-
agonal grid array corresponding to 333 pixels, the sec-
ond diagonal grid array including G filters arranged at a
center and four corners, the second diagonal grid array
including R filters arranged in the upper right direction
across the G filter at the center, the second diagonal grid
array including B filters arranged in the lower right direc-
tion.
[0040] The basic array pattern includes G filters in a
diagonal grid array corresponding to 232 pixels, and the
basic array pattern is in a minimum size that is point-
symmetric with respect to the center of the basic array
pattern. According to the color filter array with the con-
figuration, there are G pixels of 232 pixels in the diagonal
grid shape at four corners of 535 pixels in the diagonal
grid shape (local area of mosaic image) when the 535
pixels are extracted around the first or second diagonal
grid array. The pixel values of the G pixels of the 232
pixels can be used to determine the correlation direction
of four directions. An imaging apparatus including the
color imaging element is also included in the present in-
vention.

{Advantageous Effects of Invention}

[0041] According to the present invention, the first fil-
ters corresponding to the first color with a high contribu-
tion ratio for obtaining the luminance signals are arranged

in each line in the horizontal, vertical, upper right, and
lower right directions of the color filter array, and the pro-
portion of the number of pixels of the first color corre-
sponding to the first filters is greater than the proportions
of the numbers of pixels of the second color with two or
more colors other than the first color corresponding to
the second filters. Therefore, the reproduction accuracy
of the demosaicing process in the high frequency area
can be improved, and aliasing can be suppressed.
[0042] One or more second filters corresponding to a
second color with two or more colors other than the first
color are arranged in each line in the upper right and
lower right directions of the color filter array in the basic
array pattern. Therefore, the generation of color moire
(false color) can be reduced to increase the resolution.
[0043] In the color filter array according to the present
invention, the basic array pattern is repeated in the diag-
onal grid shape. Therefore, the demosaicing process in
the later stage can be executed according to the repeated
pattern, and the process in the later stage can be simpli-
fied compared to the conventional random array.

{Brief Description of Drawings}

[0044]

{Figure 1} Figure 1 is a diagram showing a first em-
bodiment of a color imaging element.
{Figure 2} Figure 2 is a diagram showing a basic
array pattern included in a color filter array of the
color imaging element according to the first embod-
iment.
{Figure 3} Figure 3 is a diagram showing a state in
which a basic array pattern of 636 pixels included
in a color filter array of the color imaging element of
the first embodiment is divided into A arrays and B
arrays of 333 pixels, and the A arrays and the B
arrays are arranged.
{Figure 4} Figure 4 is a diagram used to explain a
method of determining a correlation direction from
pixel values of G pixels of 232 pixels included in the
color filter array of the color imaging element of the
first embodiment.
{Figure 5} Figure 5 is a diagram used to explain a
concept of the basic array pattern included in the
color filter array of the color imaging element.
{Figure 6} Figure 6 is a diagram showing a second
embodiment of the color imaging element.
{Figure 7} Figure 7 is a diagram showing a third em-
bodiment of the color imaging element.
{Figure 8} Figure 8 is a diagram showing a fourth
embodiment of the color imaging element.
{Figure 9} Figure 9 is a diagram showing a fifth em-
bodiment of the color imaging element.
{Figure 10} Figure 10 is a diagram showing a sixth
embodiment of the color imaging element.
{Figure 11} Figure 11 is a diagram showing a seventh
embodiment of the color imaging element.
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{Figure 12} Figure 12 is a diagram showing an eighth
embodiment of the color imaging element.
{Figure 13} Figure 13 is a diagram showing a ninth
embodiment of the color imaging element.
{Figure 14} Figure 14 is a diagram showing a basic
array pattern included in a color filter array of the
color imaging element according to the ninth embod-
iment.
{Figure 15} Figure 15 is a diagram showing a tenth
embodiment of the color imaging element.
{Figure 16} Figure 16 is a graph showing spectral
sensitivity characteristics of a light receiving element
provided with R filters (red filters), G1 filters (first
green filters), G2 filters (second green filters), and B
filters (blue filters).
{Figure 17} Figure 17 is a graph showing spectral
sensitivity characteristics of a light receiving element
provided with R filters, G filters, B filters, and W filters
(transparent filters).
{Figure 18} Figure 18 is a graph showing spectral
sensitivity characteristics of a light receiving element
provided with R filters, G filters, B filters, and emerald
filters E (E filters).
{Figure 19} Figure 19 is a diagram used to explain a
problem of a color imaging element with color filters
in a conventional Bayer array.
{Figure 20} Figure 20 is another diagram used to
explain a problem of a color imaging element with
color filters in a conventional Bayer array.

{Description of Embodiments}

[0045] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to the attached drawings.

{First Embodiment of Color Imaging Element}

[0046] Figure 1 is a diagram showing a first embodi-
ment of a color imaging element. Figure 1 particularly
shows a color filter array of color filters arranged on the
color imaging element.
[0047] The color imaging element includes: a plurality
of pixels (not shown) formed by photoelectric conversion
elements arranged in horizontal and vertical directions
(two-dimensional square grid shape); and color filters in
a color filter array shown in Figure 1 arranged on light
receiving surfaces of the pixels. One of the color filters
of three primary colors of red (R), green (G), and blue
(B) is arranged on each pixel.
[0048] The color imaging element is not limited to a
CCD (Charge Coupled Device) color imaging element
and may be another type of imaging element such as a
CMOS (Complementary Metal Oxide Semiconductor)
imaging element.

<Features of Color Filter Array>

[0049] The color filter array of the color imaging ele-
ment of the first embodiment has the following features
(1), (2), (3), (4), (5) and (6).

{Feature (1)}

[0050] The color filter array shown in Figure 1 includes
a basic array pattern P (pattern indicated by a thick frame)
formed by a square array pattern corresponding to 636
pixels, and the basic array pattern P is repeatedly ar-
ranged in the horizontal and vertical directions. There-
fore, the color filter array includes filters of respective R,
G, and B colors (R filters, G filters, and B filters) arranged
in a particular cycle.
[0051] In this way, the R filters, the G filters, and the B
filters are arranged in a particular cycle. Therefore, dem-
osaicing processing and the like of R, G, and B signals
read out from the color imaging element can be proc-
essed according to the repeated pattern.
[0052] When a thinning-out process is executed based
on the basic array pattern P to reduce the image, the
color filter array of the reduced image after the thinning-
out process can be the same as the color filter array be-
fore the thinning-out process. Therefore, a common
processing circuit can be used.

{Feature (2)}

[0053] In the color filter array shown in Figure 1, the G
filters corresponding to the color (color of G in the em-
bodiment) that most contributes to obtaining luminance
signals are arranged in each line in the horizontal, verti-
cal, upper right (NE), and upper left (NW) directions of
the color filter array.
[0054] Reference character NE designates an upper
right direction, and reference character NW designates
a lower right direction. For example, in a case of an array
of square pixels, the upper right and lower right directions
are directions of 45° from the horizontal direction. In a
case of an array of rectangular pixels, the upper right and
lower right directions are directions of the diagonal lines
of the rectangle, and the angles may vary depending on
the lengths of the long side and the short side.
[0055] The G filters corresponding to the luminance
pixels are arranged in each line in the horizontal, vertical,
and oblique (NE, NW) directions of the color filter array.
Therefore, the reproduction accuracy of the demosaicing
processing in a high frequency area can be improved
regardless of the direction of the high frequency wave.

{Feature (3)}

[0056] In the basic array pattern of the color filter array
shown in Figure 1, the numbers of pixels of the R pixels,
the G pixels, and the B pixels corresponding to the R, G,
and B filters in the basic array pattern are eight pixels,
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twenty pixels, and eight pixels, respectively. Therefore,
the ratio of the numbers of pixels of the RGB pixels is
2:5:2, and the proportion of the number of G pixels that
most contribute to obtaining the luminance signals is
greater than the respective proportions of the numbers
of R and B pixels of other colors.
[0057] The proportion of the number of G pixels and
the proportions of the numbers of R and B pixels are
different, and particularly, the proportion of the number
of G pixels that most contribute to obtaining the lumi-
nance signals is greater than the proportions of the num-
bers of R and B pixels. Therefore, aliasing in the demo-
saicing processing can be suppressed, and high frequen-
cy reproducibility can be improved.

{Feature (4)}

[0058] In the color filter array shown in Figure 1, one
or more R and B filters corresponding to two or more
colors other than the color of G (colors of R and B in the
embodiment) are arranged in each line in the horizontal
and vertical directions of the color filter array in the basic
array pattern P.
[0059] The R and B filters are arranged in each line in
the horizontal and vertical directions of the color filter
array. Therefore, the generation of color moire (false
color) can be reduced. As a result, an optical low-pass
filter for suppressing (controlling) the generation of false
color can be eliminated. Even if the optical low-pass filter
is applied, a filter with less effect of cutting high frequency
components for preventing the generation of false color
can be applied, and a loss of resolution can be prevented.
[0060] Figure 2 shows a state in which the basic array
pattern P shown in Figure 1 is divided into four sets of
333 pixels.
[0061] As shown in Figure 2, the basic array pattern P
can be perceived as a pattern including A arrays (square
arrays) of 333 pixels surrounded by a frame of solid lines
and B arrays (square arrays) of 333 pixels surrounded
by a frame of broken lines alternately arranged in the
horizontal and vertical directions.
[0062] Each of the A and B arrays includes G filters as
luminance pixels arranged at four corners and a center,
and the G filters are arranged on both diagonals. In the
A array, the R filters are arranged in the horizontal direc-
tion, and the B filters are arranged in the vertical direction,
across the G filter at the center. Meanwhile, in the B array,
the B filters are arranged in the horizontal direction, and
the R filters are arranged in the vertical direction, across
the G filter at the center. Therefore, although the posi-
tional relationship between the R and B filters is opposite
in the A and B arrays, the rest of the arrangement is the
same.
[0063] The A and B arrays are alternately arranged in
the horizontal and vertical directions as shown in Figure
3, and the G filters at four corners of the A and B arrays
form G filters of square arrays corresponding to 232 pix-
els.

[0064] The G filters as luminance pixels are arranged
at the four corners and the center in 333 pixels in the A
and B arrays, and the 333 pixels are alternately arranged
in the horizontal and vertical directions to form the G filters
in the square arrays corresponding to 232 pixels. The
arrays satisfy the features (1), (2), and (3), as well as a
feature (5) described below.

{Feature (5)}

[0065] The color filter array shown in Figure 1 includes
square arrays corresponding to 2x2 pixels of G filters.
[0066] As shown in Figure 4, 232 pixels of G filters are
extracted to calculate difference absolute values of the
pixel values of the G pixels in the horizontal direction,
difference absolute values of the pixel values of the G
pixels in the vertical direction, and difference absolute
values of the pixel values of the G pixels in the oblique
(NE, NW) directions. In this way, it can be determined
that there is a correlation in the direction with a small
difference absolute value among the horizontal, vertical,
and oblique (NE, NW) directions.
[0067] Therefore, according to the color filter array, in-
formation of the G pixels at minimum pixel intervals can
be used to determine the direction with a high correlation
among the horizontal, vertical, and oblique (NE, NW) di-
rections. The direction determination result can be used
for a process of interpolation (demosaicing processing)
based on surrounding pixels.
[0068] When the pixels of the A or B array of 333 pixels
are the target pixels of the demosaicing processing as
shown in Figure 3, and 535 pixels (local area of mosaic
image) are extracted around the A or B array, there are
G pixels of 232 pixels at four corners of the 535 pixels.
The pixel values of the G pixels of 232 pixels can be
used to accurately determine the correlation direction of
four directions using the information of the G pixels at
minimum pixel intervals.

{Feature (6)}

[0069] The basic array pattern of the color filter array
shown in Figure 1 is point-symmetric with respect to the
center of the basic array pattern (center of four G pixels).
As shown in Figure 2, the A and B arrays in the basic
array pattern are also point-symmetric with respect to the
G filter at the center.
[0070] The symmetry can reduce and simplify the cir-
cuit size of a processing circuit in a later stage.
[0071] In the basic array pattern P shown by a thick
frame as shown in Figure 5, color filter arrays of first and
third lines among first to sixth lines in the horizontal di-
rection include GBGGRG, a color filter array of the sec-
ond line includes RGRBGB, color filter arrays of the fourth
and sixth lines include GRGGBG, and a color filter array
of the fifth line includes BGBRGR.
[0072] In Figure 5, assuming that a basic array pattern
obtained by shifting the basic array pattern P by one pixel
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both in the horizontal and vertical directions is P’ and a
basic array pattern obtained by shifting the basic array
pattern P by two pixels both in the horizontal and vertical
directions is P", the color filter array is the same even if
the basic array patterns P’ and P" are repeatedly ar-
ranged in the horizontal and vertical directions.
[0073] Therefore, there are a plurality of basic array
patterns that can form the color filter array shown in Fig-
ure 5 by repeatedly arranging the basic array pattern in
the horizontal and vertical directions. In the first embod-
iment, the basic array pattern P in which the basic array
pattern is point-symmetric is called a basic array pattern
for convenience.
[0074] Although there are also a plurality of basic array
patterns for each of the color filter arrays in the other
embodiments described below, the representative one
will be called a basic array pattern of the color filter array.

{Second Embodiment of Color Imaging Element}

[0075] Figure 6 is a diagram showing a second em-
bodiment of the color imaging element. Figure 6 partic-
ularly shows a color filter array of color filters arranged
on the color imaging element.
[0076] The color filter array of the color imaging ele-
ment of the second embodiment includes a basic array
pattern (pattern shown by a thick frame) formed by a
square array pattern corresponding to 434 pixels. The
basic array pattern is repeatedly arranged in the horizon-
tal and vertical directions.
[0077] As in the first embodiment, the color filter array
includes G filters arranged in each line in the horizontal,
vertical, and oblique (NE, NW) directions of the color filter
array and includes R and B filters arranged in each line
in the horizontal and vertical directions of the color filter
array.
[0078] The basic array pattern is point-symmetric with
respect to the center of the basic array pattern.
[0079] Meanwhile, the color filter array does not in-
clude a square array corresponding to 232 pixels of G
filters. However, the color filter array includes G filters
adjacent to each other in the horizontal direction and G
filters adjacent to each other in the oblique (NE, NW)
directions.
[0080] In the vertical direction, there are G filters across
the R or B filter. Therefore, the pixel values of the G pixels
corresponding to the G filters can be used to determine
the correlation in the vertical direction.
[0081] In the basic array pattern of the color filter array
shown in Figure 6, the numbers of pixels of the R pixels,
the G pixels, and the B pixels corresponding to the R, G,
and B filters in the basic array pattern are four pixels,
eight pixels, and four pixels, respectively. Therefore, the
ratio of the numbers of RGB pixels is 1:2:1, and the pro-
portion of the number of G pixels that most contribute to
obtaining the luminance signals is greater than the re-
spective proportions of the numbers of R and B pixels of
other colors.

[0082] As described, the color filter array of the color
imaging element of the second embodiment has the
same features as the features (1), (2), (3), (4), and (6) of
the color filter array of the color imaging element of the
first embodiment.

{Third Embodiment of Color Imaging Element}

[0083] Figure 7 is a diagram showing a third embodi-
ment of the color imaging element. Figure 7 particularly
shows a color filter array of color filters arranged on the
color imaging element.
[0084] The color filter array of the color imaging ele-
ment of the third embodiment includes a basic array pat-
tern (pattern shown by a thick frame) formed by a square
array pattern corresponding to 535 pixels, and the basic
array pattern is repeatedly arranged in the horizontal and
vertical directions.
[0085] As in the first embodiment, the color filter array
includes G filters arranged in each line in the horizontal,
vertical, and oblique (NE, NW) directions of the color filter
array and includes R filters and B filters arranged in each
line in the horizontal and vertical directions of the color
filter array.
[0086] In the basic array pattern of the color filter array
shown in Figure 7, the numbers of pixels of the R pixels,
the G pixels, and the B pixels corresponding to the R, G,
and B filters in the basic array pattern are seven pixels,
eleven pixels, and seven pixels, respectively. Therefore,
the ratio of the numbers of RGB pixels is 7:11:7, and the
proportion of the number of G pixels that most contribute
to obtaining the luminance signals is greater than the
respective proportions of the numbers of R and B pixels
of other colors.
[0087] The basic array pattern is not point-symmetric,
and the basic array pattern does not include a square
array corresponding to 232 pixels formed by G filters.
[0088] The color filter array of the color imaging ele-
ment of the third embodiment has the same features as
the features (1), (2), (3), and (4) of the color filter array
of the color imaging element of the first embodiment.

{Fourth Embodiment of Color Imaging Element}

[0089] Figure 8 is a diagram showing a fourth embod-
iment of the color imaging element. Figure 8 particularly
shows a color filter array of color filters arranged on the
color imaging element.
[0090] As in the third embodiment, the color filter array
of the color imaging element of the fourth embodiment
includes a basic array pattern (pattern shown by a thick
frame) formed by a square array pattern corresponding
to 535 pixels, and the basic array pattern is repeatedly
arranged in the horizontal and vertical directions.
[0091] As in the first embodiment, the color filter array
includes G filters arranged in each line in the horizontal,
vertical, and oblique (NE, NW) directions of the color filter
array and includes R and B filters arranged in each line
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in the horizontal and vertical directions of the color filter
array.
[0092] In the basic array pattern of the color filter array
shown in Figure 8, the numbers of pixels of the R pixels,
the G pixels, and the B pixels corresponding to the R, G,
and B filters in the basic array pattern are six pixels, thir-
teen pixels, and six pixels, respectively. Therefore, the
ratio of the numbers of RGB pixels is 6:13:6, and the
proportion of the number of G pixels that most contribute
to obtaining the luminance signals is greater than the
respective proportions of the numbers of R and B pixels
of other colors.
[0093] Although the color filter array does not include
a square array corresponding to 232 pixels of G filters,
the color filter array includes a set of four pixels with G
filters adjacent to each other. The correlation in the hor-
izontal, vertical, and oblique (NE, NW) directions can be
determined at minimum pixel intervals based on the pix-
els values of the four pixels. The basic array pattern is
not point-symmetric.
[0094] The color filter array of the color imaging ele-
ment of the fourth embodiment has the same features
as the features (1), (2), (3), (4), and (5) of the color filter
array of the color imaging element of the first embodi-
ment.

{Fifth Embodiment of Color Imaging Element}

[0095] Figure 9 is a diagram showing a fifth embodi-
ment of the color imaging element. Figure 9 particularly
shows a color filter array of color filters arranged on the
color imaging element.
[0096] As in the third embodiment, the color filter array
of the color imaging element of the fifth embodiment in-
cludes a basic array pattern (pattern shown by a thick
frame) formed by a square array pattern corresponding
to 535 pixels, and the basic array pattern is repeatedly
arranged in the horizontal and vertical directions.
[0097] The color filter array includes G filters arranged
in each line in the horizontal, vertical, and oblique (NE,
NW) directions of the color filter array and includes R and
B filters arranged in each line in the horizontal, vertical,
and oblique (NE, NW) directions of the color filter array.
[0098] Therefore, the color filter array includes all R,
G, and B filters arranged in each line in the horizontal,
vertical, and oblique (NE, NW) directions of the color filter
array. As a result, the color reproducibility in the oblique
directions can be further improved, and this is a feature
not included in the color filter array of the color imaging
element of the first embodiment.
[0099] In the basic array pattern of the color filter array
shown in Figure 9, the numbers of pixels of the R pixels,
the G pixels, and the B pixels corresponding to the R, G,
and B filters in the basic array pattern are eight pixels,
nine pixels, and eight pixels, respectively. Therefore, the
ratio of the numbers of RGB pixels is 8:9:8, and the pro-
portion of the number of G pixels that most contribute to
obtaining the luminance signals is greater than the re-

spective proportions of the numbers of R and B pixels of
other colors.
[0100] Meanwhile, the color filter array does not in-
clude a square array corresponding to 232 pixels of G
filters, and the basic array pattern is not point-symmetric.
[0101] The color filter array of the color imaging ele-
ment of the fifth embodiment has the same features as
the features (1), (2), (3), and (4) of the color filter array
of the color imaging element of the first embodiment.

{Sixth Embodiment of Color Imaging Element}

[0102] Figure 10 is a diagram showing a sixth embod-
iment of the color imaging element. Figure 10 particularly
shows a color filter array of color filters arranged on the
color imaging element.
[0103] The color filter array of the color imaging ele-
ment of the sixth embodiment includes a basic array pat-
tern (pattern shown by a thick frame) formed by a square
array pattern corresponding to 737 pixels, and the basic
array pattern is repeatedly arranged in the horizontal and
vertical directions.
[0104] As in the first embodiment, the color filter array
includes G filters arranged in each line in the horizontal,
vertical, and oblique (NE, NW) directions of the color filter
array and includes R and B filters arranged in each line
in the horizontal and vertical directions of the color filter
array.
[0105] In the basic array pattern of the color filter array
shown in Figure 10, the numbers of pixels of the R pixels,
the G pixels, and the B pixels corresponding to the R, G,
and B filters in the basic array pattern are twelve pixels,
twenty five pixels, and twelve pixels, respectively. There-
fore, the ratio of the numbers of RGB pixels is 12:25:12,
and the proportion of the number of G pixels that most
contribute to obtaining the luminance signals is greater
than the respective proportions of the numbers of R and
B pixels of other colors.
[0106] The color filter array includes a square array
corresponding to 2x2 pixels of G filters, and the basic
array pattern is point-symmetric with respect to the center
of the basic array pattern.
[0107] The color filter array of the color imaging ele-
ment of the sixth embodiment has the same features as
the features (1), (2), (3), (4), (5), and (6) of the color filter
array of the color imaging element of the first embodi-
ment.

{Seventh Embodiment of Color Imaging Element}

[0108] Figure 11 is a diagram showing a seventh em-
bodiment of the color imaging element. Figure 11 partic-
ularly shows a color filter array of color filters arranged
on the color imaging element.
[0109] The color filter array of the color imaging ele-
ment of the seventh embodiment includes a basic array
pattern (pattern shown by a thick frame) formed by a
square array pattern corresponding to 838 pixels, and
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the basic array pattern is repeatedly arranged in the hor-
izontal and vertical directions.
[0110] As in the first embodiment, the color filter array
includes G filters arranged in each line in the horizontal,
vertical, and oblique (NE, NW) directions of the color filter
array and includes R and B filters arranged in each line
in the horizontal and vertical directions of the color filter
array.
[0111] In the basic array pattern of the color filter array
shown in Figure 11, the numbers of pixels of the R pixels,
the G pixels, and the B pixels corresponding to the R, G,
and B filters in the basic array pattern are sixteen pixels,
thirty two pixels, and sixteen pixels, respectively. There-
fore, the ratio of the numbers of RGB pixels is 1:2:1, and
the proportion of the number of G pixels that most con-
tribute to obtaining the luminance pixels is greater than
the respective proportions of the numbers of R and B
pixels of other colors.
[0112] The color filter array includes a square array
corresponding to 232 pixels of G filters, and the basic
array pattern is point-symmetric with respect to the center
of the basic array pattern.
[0113] When the basic array pattern is divided into four
sets of 434 pixels, the diagonal arrays of 434 pixels are
the same, and the positional relationship of the R and B
filters is opposite in the arrays of 434 pixels adjacent to
each other in the horizontal or vertical direction. The rest
of the arrangement is the same.
[0114] The color filter array of the color imaging ele-
ment of the seventh embodiment has the same features
as the features (1), (2), (3), (4), (5), and (6) of the color
filter array of the color imaging element of the first em-
bodiment.

{Eighth Embodiment of Color Imaging Element}

[0115] Figure 12 is a diagram showing an eighth em-
bodiment of the color imaging element. Figure 12 partic-
ularly shows a color filter array of color filters arranged
on the color imaging element.
[0116] The color filter arrays of the color imaging ele-
ment of the first to seventh embodiments are color filter
arrays of color filters of three primary colors of RGB. The
color filter array of the color imaging element of the eighth
embodiment is different in that the array is a color filter
array of four color filters including E filters of emerald (E)
in addition to the RGB filters.
[0117] The color filter array of the color imaging ele-
ment of the eighth embodiment includes a basic array
pattern (pattern shown by a thick frame) formed by a
square array pattern corresponding to 838 pixels as in
the seventh embodiment, and the basic array pattern is
repeatedly arranged in the horizontal and vertical direc-
tions.
[0118] The color filter array includes G filters arranged
in each line in the horizontal, vertical, and oblique (NE,
NW) directions of the color filter array and includes R
filters, B filters, and E filters arranged in each line in the

horizontal and vertical directions of the color filter array.
[0119] In the basic array pattern of the color filter array
shown in Figure 12, the numbers of pixels of the R pixels,
the G pixels, the B pixels, and the E pixels corresponding
to the R, G, B, and E filters in the basic array pattern are
sixteen pixels, twenty four pixels, sixteen pixels, and eight
pixels, respectively. Therefore, the ratio of the numbers
of RGBE pixels is 2:3:2:1, and the proportion of the
number of G pixels that most contribute to obtaining the
luminance signals is greater than the respective propor-
tions of the numbers of R pixels, B pixels, and E pixels
of other colors.
[0120] The color filter array includes a square array
corresponding to 232 pixels of G filters, and the basic
array pattern is point-symmetric with respect to the center
of the basic array pattern.
[0121] The color filter array of the color imaging ele-
ment of the eighth embodiment has the same features
as the features (1), (2), (3), (4), (5), and (6) of the color
filter array of the color imaging element of the first em-
bodiment.

{Ninth Embodiment of Color Imaging Element}

[0122] Figure 13 is a diagram showing a ninth embod-
iment of the color imaging element, and Figure 13 par-
ticularly illustrates a color filter array of color filters ar-
ranged on the color imaging element.
[0123] The color filter arrays of the color imaging ele-
ment according to the first to eighth embodiments are
applied to the imaging element including a plurality pixels
arranged in a square grid shape. The color filter array of
the color imaging element according to the ninth embod-
iment is different in that the color filter array is applied to
an imaging element including a plurality of pixels ar-
ranged in a diagonal grid shape.
[0124] More specifically, a plurality of two-dimension-
ally arranged pixels of the color imaging element shown
in Figure 13 are arranged in a diagonal grid shape. As a
result, adjacent pixels on horizontal lines are shifted at a
1/2 pitch in each line.
[0125] The color filter array of the color imaging ele-
ment shown in Figure 13 includes a basic array pattern
P (pattern shown by a thick frame) formed by a diagonal
grid array pattern corresponding to 636 pixels, and the
basic array pattern P is repeatedly arranged in a diagonal
grid shape. More specifically, the color filter array in-
cludes filters of respective R, G, and B colors (R filters,
G filters, and B filters) arranged in a specific cycle.
[0126] Figure 14 is a diagram showing a basic array
pattern included in the color filter array shown in Figure 9.
[0127] The color filter array of the color imaging ele-
ment according to the ninth embodiment shown in Figure
14 corresponds to the color filter array of the color imag-
ing element according to the first embodiment shown in
Figure 2 rotated by 45°.
[0128] Therefore, the color filter array of the ninth em-
bodiment is the same as the color filter array of the first
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embodiment in that the G filters corresponding to the
color (color of G in this embodiment) that most contributes
to obtaining the luminance signals are arranged in each
line in the horizontal, vertical, and oblique (NE, NW) di-
rections of the color filter array.
[0129] The G filters corresponding to the luminance
pixels are arranged in each line in the horizontal, vertical,
and oblique (NE, NW) directions of the color filter array.
Therefore, the reproduction accuracy of the demosaicing
process in a high frequency area can be improved re-
gardless of the direction of the high frequency wave.
[0130] As shown in Figure 14, the color filter array of
the ninth embodiment corresponds to the color filter array
of the color imaging element of the first embodiment
shown in Figure 2 rotated by 45°. Therefore, the numbers
of pixels of the R pixels, the G pixels, and the B pixels
corresponding to the R, G, and B filters in the basic array
pattern are 8 pixels, 20 pixels, and 8 pixels, respectively,
as in the basic array pattern of the first embodiment.
Therefore, the ratio of the numbers of RGB pixels is 2:5:2,
and the proportion of the number of G pixels that most
contribute to obtaining the luminance signals is greater
than the proportions of the numbers of R and B pixels of
other colors.
[0131] On the other hand, the color filter array of the
first embodiment shown in Figure 1 includes one or more
R filters and B filters arranged in each line in the horizontal
and vertical directions of the color filter array in the basic
array pattern P. Since the color filter array of the ninth
embodiment corresponds to the color filter array of the
first embodiment rotated by 45° as shown in Figure 14,
one or more R filters and B filters are arranged in each
line in the oblique (NE, NW) directions of the color filter
array in the basic array pattern.
[0132] In this way, the R and B filters are arranged in
each line in the oblique (NE, NW) directions of the color
filter array. Therefore, the generation of color moire (false
color) can be reduced. As a result, an optical low-pass
filter for suppressing the generation of false color can be
eliminated. Even if the optical low-pass filter is applied,
a filter with less effect of cutting high frequency compo-
nents for preventing the generation of false color can be
applied, and a loss of resolution can be prevented.
[0133] As shown in Figure 14, the basic array pattern
P can be perceived as a pattern including the A arrays
(diagonal grid arrays) of 333 pixels and the B arrays
(diagonal grid arrays) of 333 pixels arranged alternately.
[0134] Each of the A and B arrays includes G filters as
luminance pixels arranged at four corners and a center,
and the G filters are arranged on both diagonals of the
333 pixels. In the A array, the R filters are arranged in
the lower right direction, and the B filters are arranged in
the upper right direction, across the G filter at the center.
Meanwhile, in the B array, the B filters are arranged in
the lower right direction, and the R filters are arranged in
the upper right direction, across the G filter at the center.
Therefore, although the positional relationship between
the R and B filters is opposite in the A and B arrays, the

rest of the arrangement is the same.
[0135] The A and B arrays are alternately arranged in
the diagonal grid shape, and the G filters at four corners
of the A and B arrays form G filters in a diagonal grid
array corresponding to 232 pixels (array in a cross shape
with vertically and horizontally adjacent four pixels).
[0136] This is because the G filters as luminance pixels
are arranged at the four corners and the center in 333
pixels in the A or B array, and the 333 pixels are arranged
in the diagonal grid shape to form the G filters in the
diagonal grid array corresponding to 232 pixels.
[0137] Furthermore, the basic array pattern of the color
filter array shown in Figure 14 is point-symmetric with
respect to the center of the basic array pattern (center of
four G filters). The A and B arrays in the basic array pat-
tern are also point-symmetric with respect to the G filters
at the center.
[0138] The symmetry can reduce and simplify the cir-
cuit size of the processing circuit in the later stage.
[0139] In this way, the color filter array of the color im-
aging element of the ninth embodiment corresponds to
the color filter array of the color filters arranged on the
color imaging element of the first embodiment rotated by
45°. Therefore, although the color filter array is different
from the first embodiment in that the R and B filters are
arranged in each line in the oblique (NE, NW) directions
of the basic color filter array, the color filter array has the
same features as the features (1), (2), (3), (4), (5), and
(6) of the color filter array of the color imaging element
of the first embodiment.
[0140] In an imaging element including a plurality of
pixels arranged in a diagonal grid shape, the reproducible
band in the horizontal and vertical directions is √2 times
that of an imaging element arranged in a square grid
shape. The characteristics match with the frequency
characteristics of human vision that are higher in the hor-
izontal and vertical directions than in the oblique direc-
tions, and this structure is visually advantageous.

{Modified Example of Ninth Embodiment}

[0141] The color imaging element is not limited to the
color imaging element of the ninth embodiment, and the
color imaging element may include a plurality of pixels
arranged in a diagonal grid shape and may include the
color filter array of one of the second to eighth embodi-
ments shown in Figures 6 to 12 rotated by 45° arranged
on the pixels lined up in the diagonal grid shape.
[0142] The color imaging elements in this case has the
same features as the color imaging elements of the sec-
ond to eighth embodiments.

{Tenth Embodiment of Color Imaging Element}

[0143] (A) portion of Figure 15 is a diagram showing a
tenth embodiment of the color imaging element, and (A)
portion of Figure 15 particularly illustrates a color filter
array of color filters arranged on the color imaging ele-
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ment.
[0144] The color imaging element of the tenth embod-
iment includes a plurality of pixels arranged in a square
grid shape. When the pixels are sorted into a first pixel
group and a second pixel group arranged in checked grid
shapes as shown in (B) and (C) portions of Figure 15,
color filters of the same color filter array are arranged for
the first and second pixel groups.
[0145] More specifically, when a plurality of pixels ar-
ranged in a square grid shape correspond to pixels at
positions of white or black of a checkered flag, the first
and second pixel groups shown in (B) and (C) portions
of Figure 15 are pixel groups corresponding to the posi-
tions of white or black of the checkered flag, and the pixel
groups are arranged in diagonal grid shapes.
[0146] The color filter array arranged on the first and
second pixel groups shown in (B) and (C) portions of
Figure 15 is the same array as the color filter array of the
ninth embodiment illustrated in Figure 13. The color filter
array includes the basic array pattern P (pattern indicated
by a thick frame) formed by a diagonal grid array pattern
corresponding to 636 pixels, and the basic array pattern
P is repeatedly arranged in the diagonal grid shape.
[0147] The color filter array shown in (B) portion of Fig-
ure 15 and the color filter array shown in (C) portion of
Figure 15 are shifted in the vertical direction at one pixel
pitch of the pixels arranged in the square grid shape
shown in (A) portion of Figure 15.
[0148] According to the color imaging element of the
tenth embodiment, an image corresponding to the first
pixel group (hereinafter, called "A plane") shown in (B)
portion of Figure 15 and an image corresponding to the
second pixel group (hereinafter, called "B plane") shown
in (C) portion of Figure 15 can be acquired at the same
time.
[0149] In this case, a mosaic image of the A plane and
a mosaic image of the B plane have the same configu-
ration as a mosaic image acquired from the color imaging
element of the ninth embodiment, and the color imaging
element of the tenth embodiment has the same features
as the color imaging element of the ninth embodiment.
[0150] The color imaging element of the tenth embod-
iment can independently control the exposure (electric
charge accumulation time) of the A and B planes to obtain
images with different sensitivity between the A and B
planes and can combine the images to generate a wide
dynamic range image. The A and B planes can be set to
the same electric charge accumulation time (shutter
speed), and images of the A and B planes can be added
to acquire a low-noise image. A high-resolution image
can also be acquired without adding the pixels.
[0151] Although the color filter array of the A plane and
the color filter array of the B plane are shifted at one pixel
pitch in the vertical direction in the color imaging element
of the tenth embodiment shown in Figure 15, the arrange-
ment is not limited to this, and the color filter arrays may
be shifted at one pixel pitch in the horizontal direction.
The color filter array in this case corresponds to the color

filter array shown in (A) portion of Figure 15 rotated by
90 degrees.

{Modified Example of Tenth Embodiment}

[0152] The color imaging element is not limited to the
color imaging element of the tenth embodiment, and the
color imaging element may include a plurality of pixels
arranged in a square grid shape and may include the
color filter array of one of the second to eighth embodi-
ments shown in Figures 6 to 12 rotated by 45°, shifted in
the horizontal or vertical direction, and arranged on the
pixels of the A or B plane as in the tenth embodiment.
[0153] The color imaging elements in this case has the
same features as the color imaging elements of the sec-
ond to eighth embodiments, and two images of the A and
B planes can be acquired at the same time.

{Others}

[0154] Although the color filter arrays with color filters
of three primary colors of RGB and the color filter array
with color filters of four colors including three primary
colors of RGB and another color (for example, emerald
(E)) have been described in the embodiments, the types
of the color filters are not limited to the embodiments.

{Modified Example}

[0155] Although the example of adopting green (G) as
a first color and adopting red (R) and blue (B) as second
colors has been described in the embodiments, the
colors that can be used in the color filters are not limited
to these colors, and color filters corresponding to colors
satisfying the following conditions can also be used.

<Conditions of First Filter (First Color)>

[0156] Although the example that the G filters of G color
serve as the first filters in the first color of the present
invention has been described in the embodiments, filters
satisfying one of the following conditions (1) to (4) may
be used in place of the G filters or in place of part of the
G filters.

{Condition (1)}

[0157] The condition (1) is that the contribution ratio
for obtaining the luminance signals is equal to or greater
than 50%. The contribution ratio 50% is a value that is
set to make a distinction between the first color (such as
G color) and the second color (such as R and B colors)
of the present invention and is a value that is set so that
a color with the contribution ratio for obtaining the lumi-
nance data higher than that of the R color, B color, and
the like is included in the "first color".
[0158] A color with the contribution ratio lower than
50% is a second color (such as R and B colors) of the
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present invention, and a filter in this color is the second
filter of the present invention.

{Condition (2)}

[0159] The condition (2) is that the peak of the trans-
mittance of the filter is in a range of wavelength 480 nm
or more and 570 nm or less. A value measured by, for
example, a spectrophotometer is used as the transmit-
tance of the filter. The wavelength range is a range that
is set to make a distinction between the first color (such
as G color) and the second color (such as R and B colors)
of the present invention and is a range that is set so that
the peak of the R color, the B color, or the like with a
relatively low contribution ratio is not included and the
peak of the G color or the like with a relatively high con-
tribution ratio is included. Therefore, a filter with the peak
of the transmittance in the range of wavelength 480 nm
or more and 570 or less can be used as a first filter. A
filter with the peak of the transmittance out of the range
of wavelength 480 nm or more and 570 or less is a second
filter (R filter, B filter) of the present invention.

{Condition (3)}

[0160] The condition (3) is that the transmittance in a
range of wavelength 500 nm or more and 560 or less is
higher than the transmittance of the second filter (R filter
or B filter). A value measured by, for example, a spec-
trophotometer is also used as the transmittance of the
filter in the condition (3). The wavelength range of the
condition (3) is also a range that is set to make a distinc-
tion between the first color (such as G color) and the
second color (such as R and B colors) of the present
invention and is a range that the transmittance of the filter
in a color with the contribution ratio relatively higher than
the R color, the B color, and the like is higher than the
transmittance of the RB filters and the like. Therefore, a
filter with a relatively high transmittance in the range of
wavelength 500 nm or more and 560 nm or less can be
used as a first filter, and a filter with a relatively low trans-
mittance can be used as a second filter.

{Condition (4)}

[0161] The condition (4) is that filters of two or more
colors including a color that most contributes to the lumi-
nance signals among the three primary colors (for exam-
ple, G color of RGB) and including a color different from
the three primary colors are used as first filters. In this
case, a filter corresponding to a color other than the colors
of the first filters is a second filter.

<A Plurality of Types of First Filters (G Filters)>

[0162] Therefore, the G filters of G color as the first
filters are not limited to one type, and for example, a plu-
rality of types of G filters (G1 filters, G2 filters) can be

used as the first filters. More specifically, the G filters of
the color filters (basic array pattern) according to the em-
bodiments may be appropriately replaced by the G1 fil-
ters or the G2 filters. The G1 filters transmit G light of a
first wavelength band, and the G2 filters transmit G light
of a second wavelength band highly correlated with the
G1 filters (see Figure 16).
[0163] Existing G filters (for example, G filters of the
first embodiment) can be used as the G1 filters. Filters
highly correlated with the G1 filters can be used as the
G2 filters. In this case, it is desirable that the peak value
of the spectral sensitivity curve of the light receiving el-
ements provided with the G2 filters is, for example, in a
range of wavelength 500 nm to 535 nm (near the peak
value of the spectral sensitivity curve of the light receiving
elements provided with the existing G filters). A method
described for example in Japanese Patent Application
Laid-Open No. 2003-284084 is used as a method of de-
termining the color filters of four colors (R, G1, G2, B).
[0164] In this way, the color imaging element acquires
four types of colors in the image, and color information
to be acquired is increased. As a result, colors can be
more accurately expressed compared to when only three
types of colors (RGB) are acquired. More specifically,
visually different colors can be reproduced as different
colors, and visually same colors can be reproduced as
same colors ("color determination" can be improved).
[0165] Since the transmittance of the G1 and G2 filters
is basically the same as the transmittance of the G filters
of the first embodiment, the contribution ratio for obtain-
ing the luminance signals is higher than 50%. Therefore,
the G1 and G2 filters satisfy the condition (1).
[0166] In Figure 16 showing the spectral sensitivity
characteristics of the color filter array (light receiving el-
ements), the peak of the transmittance of the G1 and G2
filters (peak of the sensitivity of the G pixels) is in the
range of wavelength 480 nm or more and 570 nm or less.
The transmittance of the G1 and G2 filters is in the range
of wavelength 500 nm or more and 560 nm or less and
is higher than the transmittance of the RB filters. There-
fore, the G1 and G2 filters also satisfy the conditions (2)
and (3).
[0167] The arrangement and the number of G1 and G2
filters may be appropriately changed. The types of the G
filters may be increased to three or more types.

<Transparent Filters (W Filters)>

[0168] Although the embodiments mainly illustrate
color filters made of color filters corresponding to RGB
colors, part of the color filters may be transparent filters
W (white pixels). Particularly, it is preferable to arrange
the transparent filters W in place of part of the first filters
(G filters). The replacement of part of the G pixels with
the white pixels can suppress the degradation in the color
reproducibility even if the pixel size is miniaturized.
[0169] The transparent filters W are filters of a trans-
parent color (first color). The transparent filters W are

23 24 



EP 2 800 384 A1

14

5

10

15

20

25

30

35

40

45

50

55

filters that can transmit light corresponding to a wave-
length band of visible light, and for example, the trans-
mittance of light of the RGB colors is 50% or more. Since
the transmittance of the transparent filters W is higher
than that of the G filters, the contribution ratio for obtaining
the luminance signals is also higher than that of the G
color (60%), and the condition (1) is satisfied.
[0170] In Figure 17 showing the spectral sensitivity
characteristics of the color filter array (light receiving el-
ements), the peak of the transmittance of the transparent
filters W (peak of the sensitivity of the white pixels) is in
the range of wavelength 480 nm or more and 570 nm or
less. The transmittance of the transparent filters W is
higher than the transmittance of the RB filters in the range
of wavelength 500 nm or more and 560 nm or less. There-
fore, the transparent filters W also satisfy the conditions
(2) and (3). As with the transparent filters W, the G filters
also satisfy the conditions (1) to (3).
[0171] In this way, the transparent filters W satisfy the
conditions (1) to (3), and the transparent filters W can be
used as the first filters of the present invention. In the
color filter array, since part of the G filters corresponding
to the G color that most contributes to the luminance sig-
nals among the three primary colors of RGB are replaced
by the transparent filters W, the condition (4) is also sat-
isfied.

<Emerald Filters (E Filters)>

[0172] Although the embodiments mainly illustrate
color filters made of color filters corresponding to RGB
colors, part of the color filters may be filters of another
color, such as filters E corresponding to an emerald (E)
color (emerald pixels). Particularly, the emerald filters (E
filters) may be arranged in place of part of the first filters
(G filters). In this way, using the color filter array of four
colors with part of the G filters replaced by the E filters
can improve the reproducibility of high frequency com-
ponents of luminance, can reduce the jagginess, and can
improve the resolution.
[0173] In Figure 18 showing the spectral sensitivity
characteristics of the color filter array (light receiving el-
ements), the peak of the transmittance of the emerald
filters E (peak of the sensitivity of the E pixels) is in the
range of wavelength 480 nm or more and 570 nm or less.
The transmittance of the emerald filters E is in the range
of wavelength 500 nm or more and 560 or less and is
higher than the transmittance of the RB filters. Therefore,
the emerald filters E satisfy the conditions (2) and (3). In
the color filter array, since part of the G filters correspond-
ing to the G color that most contributes to the luminance
signals among the three primary colors of RGB are re-
placed by the emerald filters E, the condition (4) is also
satisfied.
[0174] Although the wavelength of the peak of the em-
erald filters E is shorter than that of the G filters in the
spectral characteristics shown in Figure 18, the wave-
length of the peak is longer than that of the G filters (color

looks a little closer to yellow) in some cases. In this way,
the emerald filters E satisfying the conditions of the
present invention can be selected, and for example, the
emerald filters E satisfying the condition (1) can also be
selected.

<Other Types of Color>

[0175] Although the color filter arrays formed by the
color filters of primary colors RGB have been described
in the embodiments, the present invention can also be
applied to, for example, color filter arrays with color filters
of four complementary colors including G in addition to
C (cyan), M (magenta), and Y (yellow) that are comple-
mentary colors of the primary colors RGB. In this case,
color filters satisfying any of the conditions (1) to (4) are
the first filters of the present invention, and the other color
filters are the second filters.
[0176] Although the square grid or diagonal grid basic
array patterns corresponding to N3N (N: integer 4 or
more) pixels are repeatedly arranged in the horizontal
and vertical directions or in the diagonal grid shapes in
the color filter arrays of the color imaging element of the
embodiments, basic array patterns corresponding to
N3M (N, M: integers 4 or more and N≠M) pixels may be
repeatedly arranged in the horizontal and vertical direc-
tions or in the diagonal grid shapes.
[0177] The present invention is not limited to the em-
bodiments, and it is obvious that various changes can be
made without departing from the scope of the present
invention.

Claims

1. A single-plate color imaging element including color
filters in a specific color filter array arranged on a
plurality of pixels formed by photoelectric conversion
elements arranged in a diagonal grid shape, wherein
the color filter array includes a basic array pattern
provided with first filters corresponding to a first color
with one or more colors and second filters corre-
sponding to a second color with two or more colors
with contribution ratios for obtaining luminance sig-
nals lower than the first color, the basic array pattern
is repeatedly arranged in a diagonal grid shape,
one or more first filters are arranged in each line in
horizontal, vertical, upper right, and lower right di-
rections of the color filter array,
one or more second filters corresponding to each
color of the second color are arranged in each line
in the upper right and lower right directions of the
color filter array in the basic array pattern, and
a proportion of the number of pixels of the first color
corresponding to the first filters is greater than a pro-
portion of the number of pixels of each color of the
second color corresponding to the second filters.
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2. A single-plate color imaging element, wherein a plu-
rality of pixels formed by photoelectric conversion
elements arranged in a square grid shape are sorted
into a first pixel group and a second pixel group ar-
ranged in a checked grid shape, the first pixel group
and the second pixel group are provided with color
filters in a same specific color filter array,
the color filter array includes a basic array pattern
provided with first filters corresponding to a first color
with one or more colors and second filters corre-
sponding to a second color with two or more colors
with contribution ratios for obtaining luminance sig-
nals lower than the first color, the basic array pattern
is repeatedly arranged in a diagonal grid shape,
one or more first filters are arranged in each line in
horizontal, vertical, upper right, and lower right di-
rections of the color filter array,
one or more second filters corresponding to each
color of the second color are arranged in each line
in the upper right and lower right directions of the
color filter array in the basic array pattern, and
a proportion of the number of pixels of the first color
corresponding to the first filters is greater than a pro-
portion of the number of pixels of each color of the
second color corresponding to the second filters.

3. The color imaging element according to claim 1 or
2, wherein
the color filter array includes a section where the first
filters continue for two or more pixels in each line in
the horizontal, vertical, upper right, and lower right
directions.

4. The color imaging element according to claim 1 or
2, wherein
the color filter array includes a cross shape array
including vertically and horizontally adjacent four pix-
els formed by the first filters.

5. The color imaging element according to any one of
claims 1 to 4, wherein
the color filter array in the basic array pattern is point
symmetric with respect to a center of the basic array
pattern.

6. The color imaging element according to any one of
claims 1 to 5, wherein
the basic array pattern is a diagonal grid array pattern
corresponding to N3N (N: integer 4 or more and 8
or less) pixels.

7. The color imaging element according to claim 6,
wherein
the basic array pattern is a diagonal grid array pattern
corresponding to 636 pixels.

8. The color imaging element according to any one of
claims 1 to 7, wherein

the color filter array includes the first filters arranged
at a center and four corners in a diagonal grid array
of 333 pixels, and the diagonal grid array of 333
pixels is repeatedly arranged in a diagonal grid
shape.

9. The color imaging element according to any one of
claims 1 to 8, wherein
the second filters are arranged in each line in the
horizontal, vertical, upper right, and lower right di-
rections of the color filter array.

10. The color imaging element according to any one of
claims 1 to 9, wherein
the first color is green (G), and the second color is
red (R) and blue (B).

11. The color imaging element according to claim 10,
wherein
the basic array pattern is a diagonal grid array pattern
corresponding to 636 pixels, and
the diagonal grid array pattern includes alternately
arranged first diagonal grid arrays and second diag-
onal grid arrays, the first diagonal grid array corre-
sponding to 333 pixels, the first diagonal grid array
including G filters arranged at a center and four cor-
ners, the first diagonal grid array including B filters
arranged in the upper right direction across the G
filter at the center, the first diagonal grid array includ-
ing R filters arranged in the lower right direction, the
second diagonal grid array corresponding to 333
pixels, the second diagonal grid array including G
filters arranged at a center and four corners, the sec-
ond diagonal grid array including R filters arranged
in the upper right direction across the G filter at the
center, the second diagonal grid array including B
filters arranged in the lower right direction.

12. An imaging apparatus comprising the color imaging
element according to any one of claims 1 to 11.
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