









































WO 2012/053363 PCT/JP2011/073032

14

detection pixels. To perform vertical three-pixel
addition, pixels are added together by each of pixel
groups a, b, ¢, and d indicated by broken lines. Among
these pixel groups, addition of pixel signals from each
of the pixel groups a, b, and ¢ will be described in
detail with reference to FIG. 3.

[0041] Pixel signals from each pixel group
subjected to vertical three-pixel addition are
outputted individually or as an added signal to a
vertical output line Vline via select transistors Tsel.
With the wiring shown in FIG. 2, pixels of different
colors 1n the same column are connected to different
vertical output lines, current sources 200 as a
vertical output line load, and column circuits 230 and
231 and are controlled by a vertical scanning clrcuilt
421. Consequently, signals from two rows are read
simultaneously to different vertical output lines Vline.
Pixel signals read by the column cilrcuits 230 and 231
are transferred 1in sequence to read amplifilers 216 and
217 by horizontal scanning circuits 400 and 401 and
output externally.

[0042] FIG. 3 illustrates details of the pixel
groups a, b, and ¢ shown in FIG. 2, that is, details of
the pixels having x, y coordinates of (2, 6), (2, 8),
and (2, 10); (4, ©), (4, 8), and (4, 10); and (o6, 6),
(6, 8), and (6, 10) in FIGS. 1A to 1C. Signals from

photodliodes PD0O0 to PD44 of the respective pixels can
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be transferred to floating diffusion portions Cfd via
respective transfer transistors Tx00 to Tx44, where
each floating diffusion portion Cfd is shared by a
group of three pixels 1n the vertical direction. The
signals transferred to the floating diffusion portions
Cfd are read to the vertical output lines Vline via
source follower amplifiers Tsf whose drains are
connected to a power supply VDD and via the select
transistors Tsel. The floating diffusion portions Cfd
are reset by being connected to the power supply VDD
via reset transistors Tres while the pixels PD00 to
PD44 are reset by being connected to the power supply
VDD via the respective transfer transistors Tx00 to
Tx44 and reset transistors Tres.

[0043] The reset transistors Tres, select
transistors Tsel, and transfer transistors Tx00 to Tx44
are controlled on a row by row basis by Pres024,
Psel024, Ptx 0O, Ptx 2, and Ptx 4 outputted from the
vertical scanning circuit 421 shown in FIG. 2.

[0044] With the configuration in FIG. 3, for
example, 1if only Tx02, Tx22, and Tx42 are turned on by
Ptx 2, signals from the pixels PD02, PD22Z2, and PD42 in
the 8th row are transferred independently to the
respective floating diffusion portions Cfd. Also, for
example, if all Tx00 to Tx44 are turned on by Ptx O,
Ptx 2, and Ptx 4, signals from the three pixels in the

vertical direction are transferred to the respective
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floating diffusion portions Cfd, allowing vertical
three-pixel addition to be realized.

[0045] FIG. 4 1s a diagram illustrating in detail
the column circuit 230 shown in FIG. 2. The column
circuit 231 has a configuration similar to that of the
column circuit 230. For purposes of explanation, FIG.
4 shows only the column circuit 230 which reads the
signals from the R pixels including the pixel groups a,
b, and ¢ out of the pixels arranged in the Bayer array
in FIG. 2.

[0046] Outputs from the pixels are inputted in
capacitors 201 in the column circuit 230 via the
vertical output lines connected with current source
loads 200. Reference numeral 203 denotes operation
amplifiers which make up 1nverting amplifiers in
conjunction with respective feedback capacitors 202 and
capacitors 201. The capacitors 201 and 202 as well as
holding capacitors 210 and 211 1in a subseguent stage
are reset when the feedback capacitors 202 are short-
circuited at both ends by an analog switch (not shown)
controlled by a pcOr signal (not shown). Outputs from
the operation amplifiers 203 are held in the respective
holding capacitors 210 and 211 via analog switches 208
and 209 driven by pts and ptn pulses. It 1s assumed
that signals produced just after the floating diffusion
portions Cfd are reset are held in the holding

capaclitors 211 while signals produced just after
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signals from the pixels are transferred to the floating
diffusion portions Cfd are held in the holding
capacitors 210.

[0047] When pixel signals of one row i1s held in
holding capacitors 210 and 211 on a column by column
basis, ph(n) pulses are driven 1in sequence by the
horizontal scanning circuit 400, causing analog
switches 214 and 215 to open and close. Consequently,
the pixel signals are inputted in a differential read
amplifier 216 1in a subsequent stage and outputted
externally.

[0048] Analog switches 241 to 244 are used to
interconnect holding capacitors for the pixels of the
same color in adjacent columns and are driven by a
phadd pulse. If the analog switches 241 to 244 are
turned on once and then turned off, potentials held in
the holding capacitors 210 and 211 are updated with
average potentials of the adjacent columns.

[0049] The horizontal scanning circuit 400 is
designed to be able to read only signals of
predetermined columns out of the read amplifier 216 by
skipping the ph(n) signals 1f it 1s found, by checking
a mode signal, that column pixel skipping will be
carried out.

[0050] It 1s set in advance to change the reading
operation as follows: for example, i1if the mode signal

indicates progressive scanning, the horizontal scanning
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circulit 400 outputs signals to the 0Oth, 2nd, 4th, 6th,
8th, ... columns 1n sequence, and if the mode signal
indicates pixel skippling or pilxel addition, the
horizontal scanning circuit 400 outputs signals to the
4th, 10th, 1leth, ... columns.

[0051] Signals of different colors are read from
separate readout circuits using the above configuration
and driving, but rearranged by a processing circult 1in
a subsequent stage (not shown) into the same pixel
order as 1n the image sensor.

[0052] FIG. 5 i1s a drive timing chart for driving
the image sensor shown 1in FIGS. 2 to 4, showing a
timing for scanning all the pixels without using pixel
addition and pixel skipping. However, for the
simplicity of explanation, only timings for scanning
operations of the pixel groups a, b, and ¢ in FIG. 2
are shown by omitting timings to reset all the pixels
and start accumulating signals from all the pixels.
Incidentally, 1t 1is assumed 1n FIG. 5 that relevant
transistors and switches are turned on when signals are
in Hi state, and turned off when signals are in Low
state.

[0053] First, when Pres 024 changes from Hi to Low,
turning off the reset transistors, the floating
diffusion portions Cfd of the rows containing the pixel
groups a, b, and ¢ are disconnected from the power

supply VDD and thereby released from reset.
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Subsequently, Psel 024 changes from Low to Hi, causing
source follower outputs of the rows containing the
pixel groups a, b, and ¢ to be connected to the
respective vertical output lines. Then, the pcOr
signal goes Hi, turning on a switch adapted to short-
circuit a column circuit feedback capacitor (not shown)
at both ends. At the same time, the pts and ptn
signals are set to Hi, turning on the analog switches
208 and 209 and thereby resetting the holding
capacitors 210 and 211, feedback capacitors 202, and
capacitors 201. Then, the pts and ptn signals are set
to Low and the pcOr signal 1s set to Low, thereby
releasing the capacitors from reset.

[0054] Subsequently, the ptn signal 1s changed
from Low to Hi, then to Low to hold outputs from the
floating diffusion portions Cfd of the rows containing
the pixel groups a, b, and ¢ in the holding capacitors
211. Furthermore, the pts signal 1s set to Hi to hold
pixel signals in the holding capacitors 210, and the
ptx 0 signal 1s changed from Low to Hi, then to Low to
transfer the pixel signals 1n the 6th row to the
floating diffusionrportions Cfd. Subsequently, the pts
signal is set to Hi to hold the pixel signals from the
6th row in the holding capacitors 210. Then, Psel 024
is set to Low and Pres 024 is set to Hi to reset the
floating diffusion portions Cfd of the rows containing

the pixel groups a, b, and ¢ again. Then, the ph(n)
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signals are outputted in sequence by the horizontal
scanning circuit 400 and signals from all the pixels in
the 6th row are red in sequence to the read amplifier
216. At this time, the phadd signal remains Low, and
thus the output signals are not averaged. The above
are signal transfer and horizontal scanning in the 6th
row.

[0055] Subsequently, by repeating the above
operations, such as changing Pres 024 from Hi to Low
and changing Psel 024 from Low to Hi, the pts signal is
set to Hi at the moment when pixel signals are held in
the holding capacitors 210. Furthermore, by changing
the ptx 2 signal from Low to Hi, then to Low, the pixel
signals 1in the 8th row can be transferred to the
floating diffusion portions Cfd and held in the holding
capacitors 210. Similarly, by changing the ptx 4
signal from Low to Hi, then to Low in a next iteration,
the pixel signals in the 10th row can be read out.
[0056] Although only even-numbered rows have been
described so far, regarding odd-numbered rows, signals
can be read out of the column circuit 231 using similar
control as described with reference to FIG. 2.

[0057] This ends the description of scanning of
the rows containing the pixel groups a, b, and ¢, and
signals can be read out of all the rows by scanning
subsequent pixels in the similar manner.

[0058] FIG. 6 is a drive timing chart for
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realizing vertical three-pixel addition and horizontal
1/3 reading on the image sensor shown in FIGS. 2 to 4.
[0059] With the drive timing shown 1n FIG. 5, it
1s necessary to drive Ptx 0, Ptx 2, and Ptx 4
separately in order to scan all the pixels
1ndependently, that 1s, to read three rows of pixel
signals from pixel groups independently. On the other
hand, with the drive timing shown in FIG. 6, Ptx O,
Ptx 2, and Ptx 4 are driven simultaneously, thereby
transferring signals of three pixels in the vertical
direction to a single floating diffusion portion and
thereby realizing vertical three-pixel addition. This
eliminates the need to transfer signals on a row by row
baslis and thereby reduces the actual number of scanned
lines, resulting 1n a reduced scanning time. Also, the
horizontal scanning circult 400 outputs only the ph(n)
signals to the 4th, 10th, leth, ... rows and thereby
performs a scan by reducing the number of pixels in the
horizontal direction as well. The rest of the
operation is the same as the drive timing shown in FIG.

5.

[0060] It is also possible to realize vertical 1/3
reading and horizontal 1/3 reading by driving only
Ptx 2 using the same timing as when driving Ptx O,
Ptx 2, and Ptx 4 simultaneously.

[0061] As described with reference to FIGS. 1A to

6, 1n the present embodiment, all three of the pixels
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(pixel group) subjected to vertical same-color pixel
addition are set to be focus detection pixels (which
have the light-shielding portion on the same side for
phase difference detection). This configuration makes
it possible to prevent signals of normal pixels and
signals of focus detection pixels from being mixed
during vertical three same-color pixel addition without

complicating wiring and reallze progressive scanning.

[0062] <Second embodiment>

FIGS. 7A to 7C are dilagrams showling an exemplary
pixel array of part of pixels 1n an image sensor
according to a second embodiment of the present
invention, more specifically, an exemplary pixel
arrangement in a CMOS solid-state image sensor also in
the present embodiment.
[0063] In FIG. 7A, as 1n the case of FIG. 1A, 1t
1s assumed that 17 pixels 0 to lo and 14 pixels 0 to 13
are arranged two-dimensionally in the x direction
(horizontal direction) and y direction (vertical
direction), respectively, with R (red), G (green), and
B (blue) color filters being arranged 1n a Bayer
pattern on each pixel. A larger number of pixels than
shown 1in FIGS. 7A to 7C are arranged 1n an actual 1image
sensor, which includes optical black (OB) pixels and
the like, but it is assumed here for the simplicity of

explanation that 17 x 14 pixels are arranged as
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described above.

[0064] In the exemplary pixel arrangement in FIG.
7A, the pixels having x, y coordinates of (2, 8), (4,
8), and (6, 8) are originally R pixels while the pixels
having x, y coordinates of (5, 11), (7, 11), and (9,
11) are originally B pixels. According to the second
embodiment, these pixels are used as focus detection
pixels and preferably either a G color filter is
provided or no color filter is provided. However,
symbols (R and B) which essentially represent colors in
a Bayer array are presented in the diagrams referred to
in the present embodiment. These pixels are provided
with a horizontal pupil division function by partially
shielding light-receiving portions of these pixels in
the vertical direction. Then, when arranged at
predetermined intervals among image sensing pixels, the
focus detection pixels can provide signals needed for
phase difference focus detection. In the example of
FIGS. 7TA to 7C, to detect the phase difference in the
vertical direction, multiple pairs of focus detection
pixels adapted to receive light transmitted through
different exit pupil regions are arranged at
predetermined 1intervals in the vertical direction. To
receive the light transmitted through different exit
pupll regions, the pixels having X, y coordinates of (2,
8), (4, 8), and (6, 8) are opposite to the pixels

having x, y coordinates of (5, 11), (7, 11), and (9,
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11) in terms of a region shielded from light. Such
pairs of focus detection pixel groups are discretely
arranged in the image sensor.

[0065] FIG. 7B 1s a diagram that shows how
vertical 1/3 pixel skipping is performed in the 2nd,
4th, and 6th columns and 5th, 7th, and 9th columns 1in
the 17 x 14 pixel arrangement diagram in FIG. 7A by
taking into consideration a color barycenter in the
Bayer arrangement. FIG. 7C 1s a diagram showing how
charges of three pixels of the same color i1n the 8th
and 1lth rows are added 1n the horizontal direction, by
taking into consideration a color barycenter in the
Bayer arrangement. In this example, signals are read
out of the 1mage sensor after the vertical pixel
skipping and horizontal pixel addition (both horizontal
and vertical pixel counts have been reduced to 1/3).
[0066] Worthy of note here 1s that all three of
the pixels subjected to the horizontal same-color pixel
addition are focus detection pixels (which have the
light-shielding portion on the same side for phase
difference detection). This configuration makes it
possible to prevent signals of normal pixels and
signals of focus detection pixels from being mixed
during horizontal three same-color pixel addition.
[0067] On the other hand, assume that vertical
same-color pixel addition 1is applied to the R pixels in

the 2nd, 4th, and 6th columns, the pixels in the 6th,
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8th, and 10th rows will be added by taking into
consideration the color barycenter in the Bayer
arrangement. Although 1t is concelvable to add pixels
in the 6th, 8th, and 10th rows with the pixels in the
oth and 10th rows being replaced by focus detection
pixels as 1n the case of the horizontal pixel addition
described above, such vertical pixel addition is not
desirable from the viewpoint of detecting vertical
phase differences. Therefore, according to the present
embodiment, a pixel skipping operation 1s performed in
the vertical direction. That 1s, to detect vertical
prhase differences, focus detection pixels are arranged
and added together in the horizontal direction.

[0068] Out of the pixel outputs produced as a
result of the vertical pixel skipping and horizontal
pixel addition, those from the focus detection pixels
are extracted and used for focus detection of the
taking lens and an image of the subject 1s generated
using the pixel outputs from the pixels other than the
focus detection pixels. At this time, 1mage signals
from the locations of the focus detection pixels are
interpolated from the signals of the surrounding image
sensing pixels.

[0069] The term "addition" used in the above
description includes an "arithmetic average," "weighted
average," and the 1like, but techniques for generating a

unit pixel signal by factoring in multiple pixel
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signals are not limited to these methods.

[00770] Configurations of the i1mage sensor, pixel,
and column circuit according to the second embodiment
are approximately the same as those shown in FIGS. 2, 3,
and 4, and focus detection pixels replace pixels having
X, Yy coordinates of (2, 8), (4, 8), and (6, 8) and
pixels having x, y coordinates of (5, 11), (7, 11), and
(9, 11).

[0071] In the second embodiment, the timing for
scanning all the pixels without using pixel addition
and plxel skipping 1s similar to the timing shown in
FIG. 5.

[0072] FIG. 8 1is a drive timing chart for
realizing vertical 1/3 downsampling and horizontal
three-pixel averaging on the i1mage sensor described in
the second embodiment.

[0073] With the timing chart in FIG. 8, which 1is
approximately the same as the one shown in FIG. 6,
instead of driving Ptx 0, Ptx 2, and Ptx 4
simultaneously, only Ptx 2 i1s driven to read only the
pixel signals in the 8th row among the 6th, 8th, and
10th rows in FIGS. 7A to 7C (vertical 1/3 reading).
Furthermore, by changing the phadd signal from Low to
Hi, then to Low subsequently, signals from the 2nd, 4th,
and 6th columns and 8th, 10th, and 12th columns are
arithmetically averaged on the holding capacitors 210

and 211 shown 1in FIG. 4.
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[0074] Again the need to transfer signals on a row
by row basis i1s eliminated, thereby reducing the actual
numpber of lines to be scanned and resulting in a
reduced scanning time. Also, the horizontal scanning
circuit 400 can output only the ph(n) signals to the
4th, 10th, 1l6th, ... rows and thereby read horizontal
three-pixel average signals by reducing the number of
pixels in the horizontal direction as well.

[0075] It is also possible to realize vertical 1/3
pixel skipping and horizontal 1/3 pixel skipping by
kKeeping the phadd signal at Low.

[0076] As described with reference to FIGS. 7A to
8, 1n the second embodiment, all three of the pixels
(pixel group) subjected to horizontal same-color pixel
addition are arranged to be focus detection pixels
(which have the light-shielding portion on the same
side for phase difference detection). This
configuration makes 1t possible to prevent signals of
normal pixels and signals of focus detection pixels
from being mixed during horizontal three same-color
pixel addition without complicating wiring and realize

progressive scanning.

[0077] <Third embodiment>
FIGS. 9A to 9C are diagrams showing an exemplary
pixel array of part of pixels in an image sensor

according to a third embodiment of the present
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invention, more specifically, an exemplary pixel
arrangement in a CMOS solid-state image sensor also in
the present embodiment.

[0078] The image sensor shown 1in FIGS. 9A to 9C
differs from the image sensor shown in FIGS. 1A to 1C
in that the scanning method for the 6th, 8th, and 10th
rows and 9th, 1llth, and 13th rows shown in FIG. 9C
differs from the scanning method shown in FIG. 1C.
Otherwise, the image sensor shown in FIGS. 9A to 9C 1is
the same as the image sensor shown in FIGS. 1A to 1C.
According to the present embodiment, regarding the
columns containing focus detection pixels, horizontal
pixel skipping is applled to read only the focus
detection pilixel among the three pixels of the same
color including the focus detection pixel, and pixels
on the left and right sides of the focus detection
pixel. Regarding the columns containing no focus
detection pixel, addition 1is applied to the three
pixels of the same color including the pixel in the
column and the pixels on the left and right sides.
[0079] For example, regarding the pixels subjected
to vertical same-color pixel addition and contained in
the 6th, 8th, and 10th rows, since the R pixel 1in the
4th column is a focus detection pixel, only the pixel
in the 4th column 1s scanned without scanning the
pixels of the same color in the 2nd and 6th columns on

the left and right sides. Regarding the other pixel
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columns containing no focus detection pixel, horizontal
three-pixel addition is applied by taking into
consideration the color barycenter in the Bayer
arrangement. The same applies to the pixels subjected
to vertical three same-color pixel addition and
contained in the 9th, 1llth, and 13th rows.

[0080] Configurations of the image sensor and
pixel according to the third embodiment are the same as
those shown in FIGS. 2 and 3. Configuration of the
column circulit 230 according to the third embodiment is
different from the configuration in FIG. 4 and is shown
in FIG 10. FIG 10 differs from FIG. 4 in that a drive
signal for horizontal three-pixel addition 1is divided
into phadd and phadd2? and that pixel columns containing
focus detection pixels are driven by the phadd2 signal.
In this example, phadd2 is used as a drive signal for
horizontal three-pixel addition in the 2nd, 4th, and
oth columns.

[0081] FIG. 11 i1s a drive timing chart for
realizing vertical three-pixel addition and partial
horizontal three-pixel addition on the image sensor
according to the third embodiment with such a
configuration. In the timing chart in FIG. 11, which
1s approximately the same as the one shown in FIG. 8,
vertical three-pixel addition 1s carried out by driving
Ptx 0, Ptx 2, and Ptx 4 simultaneously. By constantly

changing the phadd signal from Low to Hi, then to Low,
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signals from pixel columns containing no focus
detection pixel (the 8th, 10th, and 12th columns in FIG.
10) are subjected to horizontal three-pixel addition on
the holding capacitors 210 and 211.

[0082] The drive method of phadd2 is changed
depending on whether or not the rows to be scanned
contain focus detection pixels. For example, in
scanning the o6th, 8th, and 10th rows which contain
focus detection pixels, horizontal pixel skipping
operation 1is carried out to read signals only from the
4th row with phadd? kept at Low. On the other hand, in
scanning the rows which contain no focus detection
pixel, horizontal three-pixel addition 1is carried out
by changing phadd?2 from Low to H1i, then to Low together
with phadd (indicated by a broken line in FIG. 11).
[0083] There are two points worthy of note in the
third embodiment. One of the points is that all three
of the pixels subjected to vertical same-color pixel
addition are focus detection pixels (which have the
light-shielding portion on the same side for phase
difference detection). The other point 1is that the
focus detection pixel columns are read by pixel
skipping in the horizontal direction while the pixel
columns containing no focus detection pixel are
subjected to horizontal three-pixel addition.

[0084] In this way, by minimizing the number of

skipped pixels, it is possible to minimize the
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occurrence of moire even when the subject has a high
spatial frequency. Also, it is possible to prevent
signals of normal pixels and signals of focus detection
pixels from being mixed during vertical pixel addition
without complicating wiring and realize progressive
scanning.

[0085] Again in this example, 1t is also possible
to realize vertical 1/3 reading and horizontal 1/3
reading by driving only Ptx 2 using the same timing as
when driving Ptx 0, Ptx 2, and Ptx 4 simultaneously and
keeping the phadd and phadd2 signals at Low.

[0086] MOS solid-state i1mage sensors are used 1n
the first to third embodiments described above.
However, any of image sensors i1ncluding, for example, a
CCD 1mage sensor, a CdS-Se contact image sensor, an a-
S1 (amorphous silicon) contact image sensor, and a
bipolar contact image sensor may be used alternatively.
[0087] Also, 1t has been stated that the image
sensor 1s covered by color filters arranged in a Bavyer
array, the type and array of color filters are not
limited to this and may be changed as appropriate. For
example, complementary color filters or an array other
than a Bayer array may be used alternatively.

[0088] Also, 1n the first to third embodiments
described above, three focus detection pixels are
continuous with an R pixel or B pixel in the column

direction or row direction. However, the present
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invention 1s not limited to three focus detection
plixels, and two or more than three focus detection
pixels may be arranged continuously, and read by pixel
addition and/or pixel skipping. For example, if two
focus detection pixels are arranged continuously, the
number of pixels to be scanned is reduced, both in the
vertical and horizontal directions, to 1/2 the number
of pixels scanned by progressive scanning and if four
focus detection pixels are arranged continuously, the
number of pixels to be scanned is reduced to 1/4. That
1s, the number of consecutive focus detection pixels
can be determined based on the relationship between the

number of entire pixels and the number of pixels used

for EVF display/the number of pixels required for movie
shooting or a desired pixel size.
[0089] <Fourth embodiment>

Next, description will be given of operation of
an image capturing apparatus such as a digital camera
resulting from application of the i1mage sensor with the
configuration described in the first to third
embodiments.
[0090] FIG. 12 1s a block diagram showlng a
configuration of an image capturing apparatus such as a
digital camera. In FIG. 12, an 1lmage sensor 801 has
any one of the configurations described above in the

first to third embodiments.

) 802

L]

[0091] A signal processing circuilt (AF
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receives timing information and the like from a timing
generator circuit (TG) 804 and performs amplification
and A/D conversion of signals received from the image
sensor 801 based on the timing information. A Digital
Signal Processor (DSP) 803 performs various correction
processes on data from the signal processing circuit
802. Also, the DSP 803 controls various memories such
as a ROM 806 and a RAM 807 and writes video data into a
recording medium 808.

[0092] The TG 804 supplies clock signals and
control signals to the image sensor 801, signal
processing circulit 802, and DSP 803 and is controlled

by a CPU 805.

[0093] The CPU 805 controls the DSP 803 and TG 804
as well as various camera functions performed using
various parts 1ncluding a photometry unit and focus
control unit (not shown). The CPU 805 is connected
with various switches 809 to 8l1 and performs processes
according to states of the switches 809 to 811.

[0094] The ROM 806 stores a camera control program,
correction table, and the like. The RAM 807
temporarily stores video data and correction data
processed by the DSP 803. The RAM 807 allows faster
access than the ROM 806.

[0095] Reference numeral 808 denotes a recording
medium such as a CompactFlash (registered trademark)

card (hereinafter referred to as a CF card) adapted to
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save captured video 1mages and connected to the digital
camera via a connector (not shown).

[0096] Reference numeral 809 denotes a power
switch used to activate the camera, and 810 denotes a
shutter switch SW1 used to give a command to start
preparatory operations for shooting, such as a
photometry process and focus control process.

Reference numeral 811 denotes a shutter switch SW2 used
to give a command to start a series of image capturing
operations for writing signals read out of the image
sensor 801 into the recording medium 808 wvia the signal
processing circuit 802 and DSP 803 by driving a mirror
(not shown) and shutter. Reference numeral 812 denotes
a mode dial switch used to specify a shooting mode of
the digital camera such as a moire reduction movie mode
(p1xel addition) and smear reduction mode (pixel
skipping). Reference numeral 814 denotes photometry
circult adapted to measure subject luminance, and 815
denotes a display unit adapted to display captured
video 1mages externally.

[0097] FIG. 13 1s a flowchart of a shooting
operation performed by the image capturing apparatus of
the configuration shown in FIG. 12, where the
configuration includes any one of the image sensors
described with reference to FIGS. 1A to 11.

[0098] First, 1n step S901, the 1mage capturing

apparatus determines whether the power switch 809 is ON.
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If the power switch 809 is OFF, the image capturing
apparatus repeats step S901. If the power switch 809
1s ON, the image capturing apparatus determines in step
S902 whether the switch SW1 (810) used to start
preparatory operations for shooting is ON. If the
switch SW1 (810) 1is OFF, the image capturing apparatus
returns to step S901. If the switch SW1l (810) 1is ON,
the 1mage capturing apparatus moves to step S903.
[0099] In step S903, the i1mage capturing apparatus
measures the luminance of the subject using the
photometry circuit 814. In step S904, the image
capturing apparatus opens a mechanical shutter (not
shown) to allow light to continue entering the image
sensor 801. Subsequently, in step S905, the image
capturing apparatus checks the mode dial switch 812 to
see what mode the image capturing apparatus is in, the
molre reduction movie mode (pixel addition) or smear
reduction mode (pixel skipping). If it is found that
the image capturing apparatus 1s in moire reduction
movie mode (plxel addition), the image capturing
apparatus moves to step S907. In step S907, after
accumulating signals, the image capturing apparatus
reads the signals using vertical pixel addition and
horizontal 1/3 reading, vertical 1/3 reading and
horizontal three-pixel addition, or vertical three-
pixel addition and partial horizontal three-pixel

addition as described above in the first to third
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embodiments, and then moves to step S908.

[0100] On the other hand, 1f 1t is found in step
S905 that the 1mage capturing apparatus is 1in smear
reduction mode (pixel skipping), the image capturing
apparatus moves to step S906, where after accumulating
signals, the 1mage capturing apparatus reads the
signals using vertical 1/3 reading and horizontal 1/3
reading and then moves to step S908.

[0101] In step S908, the i1mage capturing apparatus
displays video on the display unit 815 by using the
pixel signals read out and by interpolating image
signals for the focus detection pixels from signals of
surrounding pixels. In step S909, using the focus
detection pixel signals before the interpolation, the
image capturing apparatus detects a focus state of the
subject and adjusts focus by driving the taking lens so
as to focus on the subject.

[0102] In step S910, the image capturing apparatus
determines whether the switch SW2 (811) used to start
shooting a still image 1s ON. If the switch SW2Z is OFF,
the image capturing apparatus returns to step S902 to
proceed to operation for the next frame. That 1s, in
steps S$902 to S$910, the image capturing apparatus
performs so-called EVF operation which involves
carrying out shooting and display, focus detection, and

lens driving in succession.

[0103] If it is found in step $910 that the switch
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SW2 (81l1l) is ON, the 1mage capturing apparatus goes to
step S911 to start accumulating charges i1n the image
sensor for a still image at an optimal lens aperture
and focus position based on photometry information
obtained in step S903 and focus position information
obtained in step S909. When a predetermined amount of
exposure 1s reached, the 1mage capturing apparatus
closes the mechanical shutter (not shown) 1n step S912.
[0104] Subsequently, the image capturing apparatus
performs progressive scanning in step S913, displays an
image on the display unit 815 in step S$914 by using the
pixel signals read out and by interpolating image
signals for the focus detection pixels from signals of
surrounding pixels, records a still i1mage signal on the
recording medium 808 in step S915, and thereby finishes
the shooting operation.

(0105] In this way, the image sensor according to
any one of the first to third embodiments can be
applied to an image capturing apparatus such as a
digital camera.

[0106] While the present invention has been
described with reference to exemplary embodiments, 1t
is to be understood that the invention is not limited
to the disclosed exemplary embodiments. The scope of
the following claims is to be accorded the broadest
interpretation so as to encompass all such

modifications and equivalent structures and functions.
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[0107] This application claims the benefit of
Japanese Patent Application No. 2010-235877, filed on
October 20, 2010 which 1s hereby incorporated by

reference herein in i1ts entirety.
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CLATIMS
1. An 1mage sensor comprising:

a plurality of pixels covered by color filters
and arranged two-dimensionally in a first direction and
a second direction perpendicular to the first
direction; and

read out means capable of reading by switching
between a first read out method for reading a signal
from each of said plurality of pixels and a second read
out method for reading by adding signals in the first
direction within each pixel group made up of a
predetermined number of pixels covered by a color
filter of a same color,

wherein said plurality of pixels include a
plurality of pixel groups of first focus detection
pixels and a plurality of pixel groups of second focus
detection pixels, arranged discretely, and

the first focus detection pixels and the second
focus detection pixels are partially shielded from
light on different sides in the second direction so as
to receive light transmitted through different exit
pupll regions.

2. The image sensor according to claim 1, wherein when
reading by the second read out method, said read out
means reads the signals read out by being added
together in the first direction, by skipping a

predetermined number of signals in the second direction.
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3. The image sensor according to claim 1, wherein when
reading by the second read out method, said read out
means reads by skipping a predetermined number of
pixels so as to read signals of the first and second
focus detectlon pixels in the second direction and by
adding together the signals in the first direction.

4. The 1mage sensor according to claim 1, wherein when
reading by the second read out method, said read out
means reads the signals read out by being added
together in the first direction, by reading a
predetermined number of signals together at once in the
second direction, with the predetermined number of
signals being added together if the predetermined
number of signals do not contain any of the signals
from the first focus detection pixels or the second
focus detection pixels or without the first focus
detection pixels or the second focus detection pixels
being added 1f the predetermined number of signals
contain any of the signals from the first focus
detection pilxels or the second focus detection pixels.
5. The 1mage sensor according to any one of claims 1 to
4, wherein said read out means reads signals to a
common vertical output line on a row by row basis and
transfers the signals read to the vertical output line
in sequence in the horizontal direction.

6. The image sensor according to claim 5, wherein the

first direction is a vertical direction and said read
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out means adds the signals before the pixel signals are
read to the common vertical output line.
7. The image sensor according to claim 5, wherein the
first direction is the horizontal direction and said
read out means adds the signals after the pixel signals
are read to the common vertical output line.
8. An 1mage capturing apparatus comprising:

the 1mage sensor according to any one of claims 1
to 7;

detection means adapted to detect a focus state
based on a phase difference between two 1mages obtained
from signals read out of the first focus detection
pixels and the second focus detection pixels,
respectively; and

focus adjusting means adapted to adjust focus

based on the detected focus state.
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