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The imaging apparatus has a plurality of pixels each of which has a plurality of
photoelectric conversion units; generates a plurality of first combined signals
obtained by combining signals based on electric charges of photoelectric conversion

[57] | Abstract: units in one side of each other, and a plurality of second signals obtained by

combining signals based on electric charges of the plurality of photoelectric
conversion units with each other; and outputs a part of the first combined signals out
of the plurality of first combined signals.
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negative input terminal is connected to |the input
capacitor 13-3, and a positive input terminal 1is
connected to a node of a reference voltage VREF. The
differential amplifier 13-1 outputs a signal obtained by
inverting and amplifying a signal which is jinput into
the negative input terminal.

[0025] ° An output signal amp out of the column signal
processing circuit 13 is input into a column ADC circuit
(column analog to digital conversion unit) 14. A column
ADC circuit 14 converts an analog signal amp_out which
is input from the column signal processingfcircuit 13
into a digital signal, based on a signal sent from a
driving circuit 15. The column ADC circuit 14 has a
comparator 14-1, a ramp source 14-2 which i$ common to
each column, and a common counter 14-3 that iE common to
each of the columns. The comparator 14-1 compares the
signal amp out with a ramp signal (reference signal)
RAMP of the ramp source 14-2, and outputs an inverted
signal when the ramp signal RAMP becomes larger than the
signal amp out. The counter 14-3 counts a Eount value
"count" from the time when the generation of the ramp

signal RAMP has been started, until the output signal of

the comparator 14-1 1is inverted. The dount value
(digital value) "count" of the counter 14-3 is retained
in an N-memory 16-1 or an S-memory 16-2. In the N-

memory 16-1, the noise signal is retained which is based
on the noise level of the pixel 10. In the S-memory 16-

2, the pixel signal is retained which is based on a
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photoelectrically converted signal that has been
generated by the pixel 10. The N-memory 16-1 and the S-
memory 16-2 each have a memory for writing ;nformation
sent from the comparator 14-1 therein, and mémories for
read-out, which are connected to horizontal zread-out
lines S _out and N_out, respectively. The signal
retained in the memory for writing is transferred to the
memory for read-out, and then is hbrizontally
transferred and output to the horizontal reaﬁ-out lines
S out and N out, by the scan of a horizontal scanning
circuit 17.

[0026] FIG. 2 1is a conceptual view of @he imaging
apparatus. In FIG. 2, the pixel 10 hds the two
photoelectric conversion units 10-1 and 10—2‘which have
been divided into two in a horizontal direction under
one- microlens, and are described as pnotoelectric
conversion units A and B respectively. The
photoelectric conversion unit A corresponds to the
photoelectric conversion unit 10-1, and the
photoelectric conversion unit B corresponds to the
photoelectric conversion unit 10-2. The pixe@ signal of
the photoelectric conversion unit A is referréd to as an
A signal, and the pixel signal of the photoelectric
conversion wunit B 1is referred to as a B signal.
Furthermore, a signal based on an added signal of
photoelectrically converted signals of the two
photoelectric conversion units A and B is expressed as

an A+B signal. In order to detect a focus, it 1is
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necessary to extract the A signal and the B #ignal, and
to measure a phase difference between the sﬂgnals. In
the present embodiment, the A signal and the A+B signal
are read out, and the B signal is extracted from a
difference between the A+B signal and the A s#gnal, by a
not-shown processing circuit. Here, in% order to
increase the speed at which the signal is read out, the
proximate A signals are and proximate A+B signals are
added up by the adding circuit 12. The sum bf electric
charges is obtained which are accumulatéd in one
photoelectric conversion unit in each of ﬁhe pixels.
Specifically, a horizontal scanning periéd can Dbe
shortened, by reducing the number of data to be scanned
by the horizontal scanning circuit 17. InjFIG. 2, a
solid line which connects the photoelectriciconversion
units A and B to each other shows a combination of
signals to be added. The specific method will be
described later. In FIG. 2, two A signals are and two
A+B signals are added to each other, but th% number is
not limited to two, but more than two sig&als may be
added to each other. Furthermore, the A signal is
necessary for measuring the phase difference, and
accordingly is read out only from a region in which the
phase difference 1is detected. Specificajly, the A
signal is output from a part of columns. Thereby, the
number of signals to be read out can be reduced, and the
horizontal scanning period of the horizontal scanning

circuit 17 can be shortened. The A signal%is a first
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signal which is output by the pixel 10, and the A+B
signal is a second signal which is output by the pixel
10.

[0027] FIG. 3 is a view illustrating an e#ample of a
focus detection region 21 in which a phase difference is
measured and a focus is detected, in a pixel unit 100.
The pixel wunit 100 has an OB region (optical black
region) 22 in which the pixel 10 is 1ight—sh4elded, and
an aperture region 20 that can receive incident 1light.
The focus detection region 21 1is a region which is
sandwiched between the dotted lines, and has pixels in a
part of the OB region 22 and pixels in a pprt of the
aperture region 20. An (A+A) signal is read%out in the
focus detection region 21. The (A+A) signallis a first
combined signal obtained by combining the A signals of
the two pixels 10 with each other. The (A+A) signal is
not read out from another region than §the focus
detection region 21. The above described imaging signal
does not necessarily need to be read out from the whole
region of the pixel unit 100 but may be read out from a
part of a region containing the OB region 22 and the
aperture region 20. In this case, in a regioﬁ in a part
of the pixel unit 100, a focus detection région 21 is
provided which is narrower than the region in the part,
and the (A+A) signal is read out therefrom? In the
whole region of the pixel wunit 100, the kA+B)+(A+B)
signal is read out as the imaging signal, Which is a

signal obtained by adding the A+B signals of the two
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close pixels 10. The (A+A) signal is a secobd combined
signal obtained by combining the A signals of;the pixels
10 with each other.

[0028] FIG. 5 is a timing chart illustrating a method
for driving the imaging apparatus. A tim#ng example
will be described below in the case where the%two pixels
10 provided in the vicinity in the horizontai direction
are added by the adding circuit 12. In the present
embodiment, in order to add the signals of the two
pixels 10, the switch SW4 shall be turned dn, and the
switch SW3 shall be turned off. When the sighals of the
two pixels 10 are not added and the signal of each of
the pixels 10 is read out, the switch SW4 shall be
turned off, and the switch SW3 shall be turned on.

[0029] Firstly, the selecting signal PSEﬂ becomes a
high level, the selecting switch 10-8 is turned on, and
the row of the pixel 10 to be output is selected. In
addition, the reset signal PRES is set at a high level,
and thereby the floating diffusion 10-5 is reset to a
power source potential. At this time, the switches SW2
and SW2' shall be also turned on, and the amplifier 13-1
shall be set at a reset state.

[0030] At the time tl, the reset signal PRES
transitions to a low level, and the reset swiEch 10-6 is
turned off. Then, the noise signals of the pixels 10 in
the reset state are output to the vertical output lines
VL_1 and VL_2. At this time, both of the switch SWl1 and

switch SW4 are turned on, and accordingly two signals
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which are the signal of the vertical output line VL_1
and the signal of the vertical output 1line VL 2 are
added through the capacitors 13-3 and 12-1, respectively.
[0031] At the time t2, the switches SW2 aﬁd SW2' are
turned off, and thereby the column signalj processing
circuit 13 retains a signal obtained by adding the noise
signals of the two pixels 10 in the reset state, and
outputs the signal amp_out to the column ADC dircuit 14.
[0032] At the time t3, the ramp source i4-2 starts
the generation of the ramp signal RAMP, and the counter
14-3 starts the count-up of the count value "count".
When the ramp signal RAMP becomes larger thanjthe signal
amp_out, the comparator 14-1 inverts the outbut signal.
At the timing, the count value "count" of the counter
14-3 1is written in the N-memory 16-1. The digital
signal based on the signal obtained by adding the
signals of the two pixels 10 in the reset state is
retained in the N-memory 16-1. After that, the switches
SW1l and SW4 are turned off. The counter 14-3 resets the
ramp signal RAMP to an initial value, and resets the
count value "count".

[0033] Next, at the time t4, the trangfer signal
PTX A is set at a high level, and the transfer switch
10-3 is turned on. The electric charge which has been
accumulated in the photoelectric conversion uhit 10-1 is
transferred to the floating diffusion 10-5. At the time
t5, the PTX A is set at a low level, and the transfer

switch 10-3 is turned off. The A signals based on the
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amounts of the electric charges which have been
accumulated in the photoelectric conversion%units 10-1
in the two pixels 10 are output to the vertical output
lines VL 1 and VL_2, respectively.

[0034] At the time t6, the switches SW1l and SW4 are
turned on. The A signals of the vertical output lines
VL_1 and VL 2 are added by the adding circuit§12 and the
column signal processing circuit 13, and the (A+3)
signal is generated. The generated (A+A) signal is
input into the column ADC circuit 14.

[0035] At the time t7, the ramp source i4-2 starts
the generation of the ramp signal RAMP, and the counter
14-3 starts the count-up of the count wvalue "count".
When the ramp signal RAMP becomes larger than the signal
amp_out, the comparator 14-1 inverts the outﬁut signal.
At the timing, the count value "count" of Ehe counter
14-3 1is written in the S-memory 16-2. The digital
signal based on the (A+A) signal is retained in the S-
memory 16-2. The digital signals in the S-memories 16-2
in each of the columns are sequentially horizontally
transferred to the horizontal read-out line‘S_out, and
the digital signals in the N-memories 16-1 in each of
the columns are sequentially horizontally transferred to
the horizontal read-out 1line N_out. After| that, the
switches SW1l and SW4 are turned off. |

[0036] At the time t8, the transfer signals PTX A and
PTX B are simultaneously set at a high level, and the

transfer switches 10-3 and 10-4 are turned on. At this
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time, an electric charge obtained by adding %n electric
charge which has been accumulated in the phbtoelectric
conversion unit 10-1 to an electric charge which has
been accumulated in the photoelectric conversion unit
10-2 is retained in the floating diffusion 10—%.

[0037] At the time t9, the transfer signals PTX_A and
PTX B are simultaneously set at a low 1level, and the
transfer switches 10-3 and 10-4 are turned off. Signals
based on the A+B signals obtained by édding the
photoelectrically converted signals of % the two
photoelectric conversion units 10-1 and 10-2 on the
floating diffusions 10-5 are output to the vertical
output lines VL 1 and VL _2, respectively.

[0038] At the time t10, the switches SW1 and SW4 are
turned on. The two A+B signals of the vertical output
lines VL_1 and VL 2 are added by the adding circuit 12
and the column signal processing circuit 13, and the
(A+B) + (A+B) signal is generated. Thej generated
(A+B) + (A+B) signal is input into the column ADC circuit
14.

[0039] At the time t11l, the ramp source 14-2 starts
the generation of the ramp signal RAMP, and the counter
14-3 starts the count-up of the count val&e "count".
When the ramp signal RAMP becomes larger than the signal
amp out, the comparator 14-1 inverts the output signal.
At the timing, the count wvalue "count" of the counter
14-3 1is written in the S-memory 16-2. The digital

signal based on the (A+B)+(A+B) signal 1is retained in
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the S-memory 16-1. The digital signals in the S-

memories 16-2 in each of the columns are sequentially
horizontally transferred to the horizontal read-out line
S out, and the digital signals in the N—memorﬁes 16-1 in
each of the columns are sequentially hprizontally
transferred to the horizontal read-out line N_oput.

[0040] The operations in between the times§t4 and t8§,
which have been described above, are opera#ions of a
first mode. In between the times t4 aﬁd t5, the
vertical scanning circuit (controlling unit) 11 makes
the plurality of pixels 10 output the A signal, in the
state in which one photoelectric conversion%'unit 10-1
out of the plurality of photoelectric convefsion units
10-1 and 10-2 is connected to the floating diffusion 10-
5. In between the times té6 and t8, the adding circuit
(combining unit) 12 adds (combines) the output signals
in every pixel 10 in a plurality of columns in the same
row, and outputs the (A+A) signal. Specifically, the
adding circuit 12 connects the output lines VL 1 and
VL_2 of the pixels 10 in the plurality of columns to the
same node through the capacitors 13—33 and 12-1
respectively, and thereby adds (combines) tﬁe signals.
After that, in a period pl in FIG. 6, the horizontal
scanning circuit (output unit) 17 selects and outputs a
part (signal based on focus detection region‘2l) of the
(A+A) signals which have been added by the adding
circuit 12.

[0041] Operations after the time t8 are operations of
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a second mode. In between the times t8 and t9, the

vertical scanning circuit (controlling unitj 11 makes
the plurality of pixels 10 output the A+B signal, in the
state in which the plurality of photoelectric conversion
units 10-1 and 10-2 are connected to the floating
diffusion 10-5. After the time t10, the addﬁng circuit
(combining unit) 12 adds (combines) the output signals
in every pixel 10 in a plurality of columns in the same
row, and outputs the (A+B)+(A+B) signal. After that, in
a period p2 in FIG. 6, the horizontal scanning circuit
(output unit) 17 outputs the (A+B)+(A+é) signals
(signals of whole region in pixel unit 100) which have
been added by the adding circuit 12.

[0042] The feature of the present embodiment exists
in a point that the (A+A) signal is generateﬁ by adding
the A signals which have been read out from}the pixels
10 in the plurality of columns to each other, and that
the (A+B)+(A+B) signal is generated by adding the A+B
signals which have been read out from the pixels 10 in
the plurality of columns to each other. Iﬁ addition,
the feature of the present embodiment exists in a point
that added signals of the A signals in the whole region
of the pixel unit 100 are not output but added signals
of the A signals only in the focus detectioﬁ region 21
are output.

[0043] In the present embodiment, a procedure for
obtaining the A+B signal is not limited to the adding

operation to be carried out on the floating diffusion
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10-5. For information, the S-memory 16-2 may have
individual memories for the A signal and the A+B signal,
Oor may use a common memory in a time-division fashion.
[0044] FIG. 6 1is a timing chart of the horizontal
transfer read-out of the horizontal scanning circuit 17.
The horizontal read-out lines N out and S_out show each
1 bit of the digital data. The transfer pulses ptl to
pt26 are pulses which are input to the N—memory 16-1 and
the S-memory 16-2 in each of the column# from the
horizontal scanning circuit 17. The subsc¢ript of a
pulse name pt designates the number of the column. The
transfer pulses pt7 to ptl9 show a horizonpal zone of
the focus detection region 21 which is isandwiched
between the dotted lines in FIG. 3.

[0045] In the period pl, the digital value of the A+A
signal is retained in the S-memory 16-2. In the period
p2, the digital wvalue of the (A+B)+(A+B): signal is
retained in the S-memory 16-2. The period pl is a
period in which the A+A signal is output. In the period
Ppl, the horizontal scanning circuit 17 scans only the
columns corresponding to the focus detection region 21,
and accordingly sequentially scans the tranéfer pulses
pt7 to ptl9 of the corresponding columns. Thereby, the
digital values of the A+A signals only in the focus
detection region 21 are sequentially output, and
accordingly the read-out speed becomes fast.

[0046] The period p2 is a period in which the digital

value of the (A+B)+(A+B) signal is output. In the
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period p2, in order to scan all the columns in the pixel
unit 100, the horizontal scanning circuit 12
sequentially scans the transfer pulses ptl to pt26 of
the corresponding columns. Thereby, the digital values
of the (A+B)+(A+B) signals in the whole region in the
pixel unit 100 are sequentially output.

[0047] The digital values of the (A+A) éignals and
the digital values of the (A+B)+(A+B) signals can be
retained in the common S-memory 16-2 in a time-division
fashion. In the present embodiment, the A signals in
the plurality of columns are added thereby to generate
the (A+A) signals, and the (A+B) signais in the
plurality of columns are added thereby to generate the
(A+B) + (A+B) signals. When the (A+A) signal is generated,
the A signal only in the pixel 10 in the focus detection
region 21 is read out, thereby the number of Lhe data to
be read out is reduced, and the read-out séeed can be
increased. In the present embodiment, such a method has
been described above that an analog signal in every
column is converted into a digital signil and the
digital signal is read out, but the method may be a form
of outputting the analog signal without converting the
analog signal to the digital signal.

[0048] The imaging apparatus according to the present
embodiment shows an effect capable of reading out a
signal having a high S/N in a short period of time, by
combining the following operations (1) to (3).

[0049] (1) The imaging apparatus reads out a signal
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for detecting a focus (detecting phase diffefence) from
the pixel 10 as the A signal, and reads out the imaging
signal as the A+B sgignal.

[0050] (2) The imaging apparatus reads out the A
signal in addition to the A+B signal in the pixel in the
focus detection region 21 in which the focus is detected,
and does not read out the A signal in the pixel in a
region (region other than focus detection region 21) in
which the focus is not detected.

[0051] (3) The imaging apparatus adds thé A signals
of the pixels 10 in the plurality of columns to each
other, and adds the A+B signals of the pixels 10 in the
plurality of columns to each other.

[0052] By the operation (2), the imagind apparatus
can reduce the amount of the data, and can ihcrease the
read-out speed. A signal of the A signal is small
compared to that of the A+B signal, and the B signal
which is obtained by subtracting the A sign@l from the
A+B signal has a further degraded S/N. Apcordingly,
those signals become the factor of degrading a focus
detection accuracy, when the illuminance is low. The
imaging apparatus according to the present embodiment
enhances the S/N of the A signal by adding thé A signals
in the plurality of columns, and can enhance the focus
detection accuracy when the illuminance is: low. In
addition, the imaging apparatus can obtain an imaging
signal having a high S/N ratio by adding the A+B signals

in the plurality of columns.
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[0053] For information, the position ofj the focus
detection region 21 may be differentiated according to
each frame.

[0054] (Second Embodiment)

[0055] FIG. 7 1is a conceptual view of an imaging
apparatus according to a second embodiment of the
présent invention, which corresponds to FIG.52. FIG. 8

is a view illustrating an example of a focu% detection
region 21 in a pixel unit 100, similarly to FIG. 3. An
imaging apparatus according to the present‘ embodiment

has the same configuration and driving timing as those
in that of the first embodiment, and has é different
focus detection region from that in the first%embodiment.
In the present embodiment, a focus detection region in
which the focus is detected is the aperture region 20,

and a region in which the focus is not dete¢ted is the
OB region 22. The (A+B)+(A+B) signals are generated
based on the pixels in the whole region of the pixel

unit 100. The A+A signal is generated only based on the
pixels in the aperture region 20, and is not generated
in the OB region 22. In the OB regi@n 22, the

(A+B) + (A+B) signal is generated which is dbtained by
adding the A+B signals in the plurality of columns. In
the aperture region 20, the (A+B)+(A+B) signal which is

obtained by adding the A+B signals in the ppurality of

columns, and the (A+A) signal that is obtaineh by adding
the A signals in the plurality of columns, are generated.

The A+A signal is not read out in the OB region 22 in
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which the focus is not detected, accordingly the amount
of the data is reduced and the data can be %ead out at
high speed.

[0056] In addition, the imaging apparatuses according
to the first and second embodiments combine the signals
which have been output from the respecﬁive pixel
amplifiers 10-7 in the pixels 10 to each; other and
generate the (A+A) signal and the (A+B)+(A+B) signal.
As another example, the pixel amplifier 10-7 may combine
the electric charges of the floating diffusi%ns 10-5 in
the plurality of pixels 10 with each other,%and output
each of the (A+A) signal and the (A+B)+(A+B) Qignal.
[0057] (Third Embodiment)

[0058] FIG. 9 is a view illustrating a copfiguration
example of a part of an imaging apparatus acc%rding to a
third embodiment of the present invention, si’i.milarly to
FIG. 4. The present embodiment is different from the
first embodiment in a method for combined signals of the
pixels in the plurality of columns. The imaging
apparatus according to the present embodiment averages
the signals in a capacitor, as a method for combining
the signals of the pixels in the plurality of columns.
The point will be described below in which the present
embodiment is different from the first embddiment. A
first signal holding circuit 18 1is connected to the
vertical output line VL 1, and has capacitors 18-1 and
18-2, and switches SW6 to SW9. A second signal holding

circuit 18 is connected to the vertical output line VL 2,
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and has capacitors 18-1 and 18-2, and switches SW1l0 to
SW13. The adding circuit 12 has a switch SW5. When the
switch SW5 is turned on, the signal of the vertical
output line VL1 and the signal of the Vertical output
line VL2 are averaged (combined). The outpuﬁ terminals
of the signal holding circuits 18 are connedted to the
column signal processing circuit 13 in FIG. 4. For
information, the switches SW8 and SW12 m@y be each
connected to the comparator 14-1 or to the N-hemory l6-1
in FIG. 4. Similarly, the switches SW9 and $W13 may be
each connected to the comparator 14-1 or to the S-memory
16-2 in FIG. 4.

[0059] FIG. 10 is a timing chart illu%trating a
method for driving an imaging apparatus of FIG. 9. An
example will be described below in which signals of two
pixels 10 are averaged (combined). In order to average
(combine) the signals of the two pixels 10, the switch
SW5 is turned on, and the switches SW10 and SW1l are
turned off. A signal out_n corresponds to an output
signal amp out of the column signal processing circuit
13 which is connected to the switch SW8. A signal out_s
corresponds to the output signal amp_out of |the column
signal processing circuit 13 which is connected to the
switch SW9.

[0060] Firstly, the selecting signal PSEL becomes a
high level, then the selecting switch 10-8 is, turned on,
and the row of a pixel 10 is selected. In addition,

when the reset signal PRES is set at a high level, the



10

15

20

25

reset switch 10-6 is turned on, and the floating
diffusion 10-5 is reset to a power source volt?ge.

[0061] At the time tl12, the reset signgl PRES 1is
transited to a low level, then the reset switch 10-6 is
turned off, and signals of the pixels 10 based on the
reset state are output to the vertical output lines VL_1
and VL 2. At this time, the switches SW6 %nd SW5 are
turned on, and accordingly the vertical output 1lines
VL 1 and VL 2 are connected to each other. At this time,
the approximately average value of the voltages of the
vertical output 1lines VL 1 and VL 2 baséd on the
effective resistance value of the transistors 10-7 and
10-8 1is accumulated in a capacitor 18-1. When the
voltage values of the vertical output 1lines VL 1 and
VL_2 are close to each other, this average value which
is extremely <close to a true average? value is
accumulated in the capacitor 18-1. When the voltage
values of the vertical output lines VL 1 and VL_2 are
distant from each other, a value obtained by weighting
the voltages of the vertical output 1lines VLLl and VL 2
with the high voltage is accumulated in thé capacitor
18-1. When the pixels 10 are in the reset state, the
voltages of the vertical output lines VL 1 and VL 2 are
generally close values to each other. |

[0062] At the time tl13, the switch SWé is turned off,
and the electric charge is retained in the capacitor 18-
1. At the time t1l4 immediately after the time tl13, the

switch SW8 is turned on, and the signal retained in the
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capacitor 18-1 is output. After that, the switch SW8 is
turned off.

[0063] At the time tl15, the transfer signal PTX A is
set at a high 1level, and the transfer switch 10-3 is
turned on. The electric <charge which | has been
accumulated in the photoelectric conversion unit 10-1 is
transferred to the floating diffusion 10-5. At the time
tle, the transfer signal PTX_A is set at a low level,
then the transfer switch 10-3 is turned off, and the
above described transfer is ended. In dddition, a
switch SW7 is turned on, and thereby an (A+A)/2 signal
which is an approximately average value of the voltages
of the vertical output lines VL 1 and VL 2 is retained
in a capacitor 18-2. At the time tl18, the swﬁtch SW9 is
turned on, and the signal retained in the capécitor 18-2
is output.

[0064] At the time t19, the transfer signals PTX_A
and PTX B are simultaneously set at a high level, and
the transfer switches 10-3 and 10-4 are turﬁed on. At
this time, an electric charge obtained by ‘adding the
electric charge which has been accumulated in the
photoelectric conversion unit 10-1 and the electric
charge which has been accumulated in the photoelectric
conversion unit 10-2 results in being retained. in the
floating diffusion 10-5. To the vertical output 1lines
VL 1 and VL 2, each of the A+B signals is output which
has been obtained by adding the photoelectrically

converted signals of the two photoelectric conversion
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units 10-1 and 10-2 on the floating diffusion 10-5. 1In
addition, when the switch SW7 is turned on, a signal
obtained by averaging the voltages of thp vertical
output lines VL_ 1 and VL_2, specifically, an
[(A+B) +(A+B)]/2 signal is written in the capacitor 18-2.
[0065] At the time t20, the transfer signals PTX_A
and PTX B are set at a low level, then the transfer
switches 10-3 and 10-4 are turned off, and§ the above
described transfer 1is ended. At the time t21, the
switch SW7 is turned off, and the capacitor 18-2 retains
the signal [(A+B)+(A+B)]1/2. At the time t22, the switch
SW9 is turned on, and the signal retained in the
capacitor 18-2 is output.

[0066] The operations in between the times t15 and
t19, which have been described above, are operations of
the first mode. 1In between the times tl5 and tl6, the
vertical scanning circuit (controlling unit) 11 makes
the plurality of pixels 10 output the A signal in the
state in which one photoelectric conversion unit 10-1
out of the plurality of photoelectric conversion units
10-1 and 10-2 is connected to the floating dﬂffusion 10-
5. The adding circuit (combining wunit) 12 averages
(combines) the output signals in every pixel 10 in the
plurality of columns in the same row, and outputs an
(A+A) /2 signal. Specifically, the adding fcircuit 12
connects the output lines VL 1 and VL_2 of tHe pixels in
the plurality of columns to each other, and thereby

averages ‘(combines) the signals. After that, in the
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period pl in FIG. 6, the horizontal scanning circuit
|

(output unit) 17 selects a part of the (A+A)/2 signals

(signals based on focus detection region 21) which have

been averaged by the adding circuit 12, and outputs the

signal.

|
[0067] Operations after the time tl9| are the
operations of the second mode. In between% the times

between t19 and t20, the vertical scanning circuit
(controlling unit) 11 makes the plurality of pixels 10
output the A+B signal in the state in |which the
plurality of photoelectric conversion units 1@-1 and 10-
2 are connected to the floating diffusion 10-5. After
the time t20, the adding circuit (combining unit) 12
averages (combines) the output signals in every pixel 10
in the plurality of columns in the same row, %nd outputs
the [(A+B)+(A+B)]1/2 signal. After that, in a period p2
in FIG. 6, the horizontal scanning circuit (output unit)
17 outputs the [(A+B)+(A+B)]/2 signals (signals of whole
region in pixel unit 100) which have been ﬁveraged by
the adding circuit 12.

[0068] Thereby, an averaging process of the A signals
in the plurality of columns and the averaging process of
the A+B signals in the plurality of columns are
performed. The imaging apparatus accordﬂng to the
present embodiment generates the average valﬁe of the A
signals only in the focus detection region 21, similarly
to the first embodiment, thereby reduces thé number of

the data to be read out, and can read out the data at
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IMAGING APPARATUS, IMAGING SYSTEM, AND METHOD FOR

DRIVING IMAGING APPARATUS

»

18

Ha
4»//1) ]5 Q/
BACKGROUND OF THE INVENTION g
S,
Field of the Invention

[0001] The present invention relates to imaging

apparatus, an imaging system, and a method for driving
the imaging apparatus.

Description of the Related Art

[0002] An imaging apparatus 1is known which has a
plurality of pixels containing a plukality of
photoelectric conversion units arranged unde& the same
microlens, and outputs a signal based on one
photoelectric conversion unit and a signal based on
another photoelectric conversion unit. This imaging
apparatus uses signals of at 1least two photoelectric
conversion units provided under the same microlens,
measures a phase difference, detects a focus.
Furthermore, the imaging apparatus adds up the signals
of the above described two photoelectric conversion
units, and thereby obtains an imaging signal. For
instance, Japanese Patent Application Laid-Open No.
2013-090160 discloses a technology of adding and reading
out signals per pixel unit and solely rea@ing out a
signal from each photoelectric conversion upit, in an
imaging element in which each pixel has a piurality of
photoelectric conversion wunits and which reads out

signals sent from the respective pixels.
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high speed. In addition, the imaging apparatus
according to the present embodiment can obtain an effect
of reducing the number of data, by the averaging process.
In addition, the imaging apparatus accordﬂng to the
present embodiment can carry out the adding or averaging
process without arranging an active circuit for the
adding or averaging process. The averaging process in
the present embodiment has been performed by;connecting
the vertical output lines VL 1 and VL_2, but ﬁay also be
performed by reading out the signals to the capacitors

for the vertical output line VL_1 and the capacitors for
the vertical output line VL 2 respectively, and short-

circuiting each pair of capacitors. The adding circuit

12 in FIG. 9 has an effect of reducing a timé period in
which each pair of capacitors are short-circuited,

reducing the number of the capacitors necessary for the

averaging process, and assigning the reduced capacitors
to another process, compared to the above described case
where each pair of capacitors are short-circuited.

[0069] In addition, in the first to third embodiments,

the A signals of the pixels 10 in the same row have been
combined with each other and the A+B signalé similarly
have been combined with each other. As another example,

it is also acceptable to combine the A signals of the

pixels 10 in a plurality of rows with each other and the
A+B signals similarly with each other. When the above

described A signals and A+B signals of the pixels 10 in

the plurality of rows are combined with each other, it
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is acceptable that the vertical scanning c¢ircuit 11
simultaneously selects the pixels 10 in the piurality of
rows, and the pixels 10 in the plurality of rows are
simultaneously output to the vertical output line VL 1.
[0070] (Fourth Embodiment)

[0071] FIG. 11 is a view illustrating a configuration
example of an imaging apparatus according tb a fourth
embodiment of the present invention. In the present
embodiment, digital data in the plurality of columns is
added. The point will be described below in which the
present embodiment is different from fthe first
embodiment. The present embodiment is different from
the first embodiment in the point that digital data
after an analog signal has been converted to a digital
signal is added to each other. FIG. 11 is a view of an
imaging apparatus in which the capacitor 12L1 and the
switch SW4 are deleted from, and an adding circuit 19 is
added to the imaging apparatus in FIG. 4. A memory 16-
la for writing and a memory 16-1b for read-out
correspond to an N-memory 16-1 in FIG. 4. A;memory i6-
2a for writing and a memory 16-2b for read-out
correspond to an S-memory 16-2 in FIG. 4. The adding
circuit (combining unit) 19 adds (combines) digital data
of the memories 16-l1la for writing in the pﬁurality of
columns, and writes the added digital data iﬂ the memory
16-1b for read-out. In addition, the adding circuit
(combining unit) 19 adds (combines) digital data of the

memories 16-2a for writing in the plurality of columns,
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and writes the added digital data in the memory 16-2b
for read-out. When the A signals have been read out
from the pixels 10, the A+A signal obtained by adding
the A signals in the plurality of columns is Fetained in
the memory 16-2b for read-out. In additioﬂ, when the
A+B signals have been read out from the pixéls 10, the
(A+B) + (A+B) signal obtained by adding the A+B signals in
the plurality of columns is retained in the memory 16-2b
for read-out. The imaging apparatus accordﬁng to the
present embodiment generates the A+A signal 6nly in the
focus detection region 21, similarly to that in the
first embodiment, thereby reduces the number of the data

to be read out, and can read out the data at high speed.

"[0072] In addition, in the present embodiment, the A

signals of the pixels 10 in the same row have been
combined with each other and the A+B signals have been
similarly combined with each other. As another example,
it is also acceptable to combine the A signals of the
pixels 10 in a plurality of rows with eacH other and
combine the A+B signals similarly with each other. For
instance, the adding circuit 19 may combine the A
signals of digital data of the pixels 10 in the
plurality of rows with each other, and similérly combine
the A+B signals to each other. Incidentaily, in the
present exemplary embodiment, an example has been
described in which the digital signals are added to each
other, as one example of combination of &he digital

signals. As another example, the combination of the
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digital signals may be the averaging of the digital

signals.
[0073] (Fifth Embodiment)
[0074] FIG. 12 is a view illustrating a configuration

example of an imaging system according to a fifth
embodiment of the present invention. The imaging system
has the imaging apparatus 154 according to tﬁe first to
fourth embodiments. Examples of the imaQing system
include a digital camera, a digital camcorder and a
monitoring camera. FIG. 12 illustrates the case where
the imaging apparatus 154 is applied to Qhe digital
camera, as an example of the imaging system. |

[0075] The imaging system has a lens 152§for making
the imaging apparatus 154 form an optical image of an
object thereon, a barrier 151 for protectiqg the 1lens
152, and a diaphragm 153 for wvarying the éuantity’ of
light which has passed through the lens 152. The lens
152 and the diaphragm 153 form an optical system which
guides the 1light to the imaging apparatus 154, The
imaging system also has an output signal procpssing unit
155 which performs the process of the ougput signal
which the imaging apparatus 154 outputs. lThe output
signal ©processing wunit 155 has a digital signal
processing unit, and performs an operation of variously
correcting the signals which the imaging ap#aratus 154
outputs, compressing the signals, as needed, and
outputting the compressed signals.

[0076] The imaging system also has a buffer memory
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unit 156 for temporarily memorizing image d%ta, and a
recording medium controlling interface wunit 158 for
recording signals in or reading signals from a recording
medium. The imaging system further has a releasable
recording medium 159 such as a semiconductor memory, for
recording the image data therein or reading?the image
data therefrom. The imaging system further has an
external interface unit 157 for communicating with an
external computer or the like, an overall
control/calculation wunit 1510 which perforﬁs various
calculations and controls the whole digital c¢amera, and
the imaging apparatus 154. The imaging system further
has a timing generator 1511 which outputs various timing
signals to the imaging apparatus 154 and the output
signal processing unit 155. Here, the timing%signal and
the like may be input from the outside. The imaging
system may have at least the imaging apparatus 154 and
the output signal processing unit 155 which processes an
output signal that has been output £from qhe imaging
apparatus 154. In addition, the output signal
processing unit 155 can detect a focus of the optical
system by using the (A+A) signal or the (A+A)/2 signal
for phase difference detection, which the imaging
apparatus 154 outputs. Furthermore, the output signal
processing unit 155 can generate an image by using the
(A+B) + (A+B) signal or the [(A+B)+(A+B)]/2 signal which
the imaging apparatus 154 outputs. As has Dbeen

described above, the imaging system of the present



10

15

20

25

embodiment has the imaging apparatus 154 applied thereto,
and can detect the focus of the optical system and
generate the image.

[0077] For information, in the firstj to fifth
embodiments, a checkered filter of RGBG can be used as a
color filter for the pixels 10. When the color filter
is provided on each of the pixels 10 of the imaging
apparatus, the photoelectrically converted signals sent
from the pixels of the same color can be added to each
other.

[0078] Note that the above embodiments are merely
examples how the present invention can be prapticed, and
the technical scope of the present invention%should not
be restrictedly interpreted by the embodiments. In
other words, the present invention can be practiced in
various ways without departing from the technical
concept and main features of the invention.

[0079] The present invention can provide an imaging
apparatus which has an increased speed of an operation.
[0080] While the present invention has been described
with reference to exemplary embodiments, it is to be
understood that the invention is not 1limited to the
disclosed exemplary embodiments. The scope of the
following claims is to be accorded the Dbroadest
interpretation so as to encompass all such mddifications

and equivalent structures and functions.



10

15

20

25

[0003] However, in Japanese Patent Application Laid-
Open No. 2013-090160, a study has not sufficiently been
conducted for increasing the speed of reading out an
added signal of signals based on the plprality of
photoelectric conversion units, and reading out a signal
for measuring a phase difference, which is sent from a
part of the plurality of photoelectric conversion units.

[0004] The technology that will be described below
relates to an imaging apparatus, an imaging system and a
method for driving the imaging apparatus, which can

increase the speed of an operation.

SUMMARY OF THE INVENTION
[0005] According to an aspect of tﬂe present
invention, an imaging apparatus comprises: a plurality
of pixels, arranged in a matrix, each including a
plurality of photoelectric conversion units generating
an electric charge based on an incident 1light; a
controlling unit configured to control e%ch of the
plurality of pixels to output a first signal based on an
electric charge accumulated in one of the plurality of
photoelectric conversion units, and a seqond signal
based on a sum of electric charges accumuldted in the
plurality of photoelectric conversion units; a combining
unit configured to generate a plurality of first
combining signals by combining mutually the first
signals of the plurality of pixels, and a plurality of
second combining signals by combining mutually the

second signals of the plurality of pixels; and an output
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unit configured to output only one or some of the
plurality of first combining signals generated by the
combining unit.

[0006] According to an another aspect of the present
invention, an imaging apparatus comprises: a plurality
of pixels, arranged in a matrix, each including a
plurality of photoelectric conversion units% generating
an electric charge based on an incident light and a
pixel amplifying unit outputting a signal based on the
electric charge; a controlling unit configured to
control the plurality of pixels to output a pflurality of
first signals each based on a sum of the elechric charge
accumulated in ones of the plurality of photoelectric
conversion units in the plurality of pixels, and to
output a plurality of second signals each based on a sum
of the electric charge accumulated in the piurality of
photoelectric conversion units in the plurality of
pixels; a combining unit configured to generate a
plurality of first combining signals by combining
mutually the first signals of the plurality;of pixels,
and a plurality of second combining signals b& combining
mutually the second signals of the plurality of pixels;
and an output unit configured to output only one or some
of the plurality of first combining signals g@nerated by
the combining unit. |

[0007] According to a further aspect of the present
invention, a driving method of an imaging apparatus

having a plurality of pixels, arranged in a matrix, each
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including a plurality of photoelectric conve%sion units
generating an electric charge based on an incident light,
comprises: outputting, by each of the plurality of
pixels, a first signal based on an electric charge
accumulated in one of the plurality of photoelectric
conversion units, and a second signal based én a sum of
electric charges accumulated in the plurality of
photoelectric conversion units; generating a plurality
of first combining signals by combining mqtually the
first signals of the plurality of pixeis, and a
plurality of second combining signals by‘ combining
mutually the second signals of the plurality of pixels;
and outputting only one or some of the plurality of
first combining signals generated. |

Further features of the present invention will become
apparent from the following description of exemplary

embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 is a block diagram illustrating a
configuration example of an imaging apparatus according
to a first embodiment.
[0010]FIG. 2 is a conceptual view of the imaging

apparatus according to the first embodiment.

[0011] FIG. 3 1is a conceptual view of a read-out
region.
[0012] FIG. 4 1is a circuit diagram illustrating a

configuration example of the imaging apparatué.

FIG. 5 is a timing chart of the imaging appafatus.
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[0013] FIG. 6 is a timing chart illustrating
horizontal read-out.
[0015] FIG. 7 is a conceptual view of an imaging

apparatus according to a second embodiment.

[0016] FIG. 8 is a conceptual view of a read-out
region.
[0017] FIG. 9 is a circuit illustrating a

configuration example of an imaging apparatu$ according

to a third embodiment.

[0018] FIG. 10 is a timing chart of the imaging
apparatus.
[0019] FIG. 11 is a circuit diagram illustrating a

configuration example of an imaging apparatué according
to a fourth embodiment.
FIG. 12 is a view illustrating one example of an imaging

[0020] system.

DESCRIPTION OF THE EMBODIMENTS

[0021] Preferred embodiments of the present invention
will now be described in detail in accordance with the
accompanying drawings.

[0022] (First Embodiment)

[0023] FIG. 1 is a block diagram illustrating a
configuration example of an imaging apparatus according
to a first embodiment of the present invention; and FIG.
4 is a circuit diagram illustrating a configuration
example of the imaging apparatus. A pixel ﬁnit 100 is
an imaging region, and has a plurality of pixels 10

which are arranged in a matrix form. As is illustrated
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in FIG. 4, each of the plurality of pixels 10 has
photoelectric conversion units 10-1 and 10-2,:a floating
diffusion 10-5, a pixel amplifier (pixel ‘amplifying
unit) 10-7, transfer switches 10-3 and 10-4, a reset
switch 10-6, and a selecting switch 10-8. Thé plurality
of photoelectric conversion units 10-1 and 10-2 are
connected to the same floating diffusion 1d—5 through
the plurality of transfer switches 10-3 and 10-4,
respectively. The first photoelectric conversion unit
10-1 and the second photoelectric conversion unit 10-2
are, for instance, photodiodes, each of whi&h converts
incident 1light into an electric charge (electron) and
accumulates the converted electric charge therein. The
first transfer switch 10-3 is turned on when a transfer
signal PTX A becomes a high 1level, and transfers the
electric charge of the first photoelectric conversion
unit 10-1 to the floating diffusion 10-5. ‘The second
transfer switch 10-4 is turned on when a transfer signal
PTX B becomes a high level, and transfers the electric
charge of the second photoelectric conversion unit 10-2
to the floating diffusion 10-5. The pixel amplifier 10-
7 amplifies the voltage of the floating diffusion 10-5,
and outputs the amplified voltage from an output
terminal (source terminal). The selecting éwitch 10-8
is turned on when a selecting signal PSEL becomes a high
level, and connects the output terminal of the pixel
amplifier 10-7 with a vertical output line VL 1. The

pixel 100 in the first column is connected to a common
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vertical output line VL 1. The pixel 100 in the second
column is connected to a common vertical output 1line
VL_2. The reset switch 10-6 is turned on when a reset
signal PRES becomes a high 1level, and resets the
photoelectric conversion units 10-1 and 10-2 and the
floating diffusion 10-5 to a power source voltage. A
vertical scanning circuit 11 supplies the reset signal
PRES, the transfer signals PTX A and PTX_B, and the
selecting signal PSEL, to the pixels 100 ji1 a matrix
form one row by one row. The pixel 10 outputs a signal
according to the voltage of the floating diffusion 10-5.

[0024] An adding circuit 12 has a capacith 12—1 and
a switch SW4; and adds signals of the vertical output
lines VL 1 and VL 2 of two columns based on a signal of
a driving circuit 15 and outputs the added signal, or
does not add the signals and outputs the intact signal.
A first column signal processing circuit 13 has an
amplifier 13-1, a feedback capacitor 13-2, an input
capacitor 13-3, a feedback switch SW2 and an input
switch SW1. A second column signal processing circuit
13 has switches SW3 and SW2' in place of the switches
SW1 and SW2 in the column signal processingicircuit 13
of the first column. The column signal jprocessing
circuit 13 may be a circuit which simply amplifies a
signal, or may also be a circuit which performs
correlated double sampling (CDS) that§ performs
differential processing between a pixel sijnal and a

noise signal. In the differential amplifier 13-1, a
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WHAT IS CLAIMED IS
o

i

75

1. An imaging apparatus comprising:

a plurality of pixels, arranged in rows and columns,
each including one microlens and a urality of
photoelectric conversion units generatin ah electric
charge based on an incident 1light from the one
microlens;

a controlling unit configured to control each of
the plurality of pixels to output a first signal based
on an electric charge accumulated in oﬂe of the
plurality of photoelectric conversion units, and a
second signal based on a sum of electric charges
accumulated in the plurality of photoelectric conversion
units;

a combining unit configured to generate % plurality
of first combining signals by combining mutually the
first signals of the plurality of pixels, and a
plurality of second combining signals by, combining
mutually the second signals of the pluralityﬁof pixels;
and |

an output unit configured to output the plurality
of second combining signals which corresponds to the
columns of the plurality of pixels, and a ﬁart of the
plurality of first combining signals which correspond to
a part of the columns of the plurality of pixels,

without outputting the other part of the plurality of

first combining signals.
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2. The imaging apparatus according to claim 1,
wherein

the combining unit adds mutually the fikst signals
of the pixels between different columns,} and adds
mutually the second signals of the pixels between

different columns.

3. The imaging apparatus according t¢ claim 1,
wherein

the combining wunit averages mutually the first
signals of the pixels between different columns, and
averages mutually the second signals of @he pixels

between different columns.

4. The imaging apparatus according to claim 1 or 2,
further comprising

a plurality of column output 1lines, to each of
which the first and second signals are outputted
respectively from the pixel, and the plurality of column
output 1lines are arranged each corresponding one of
columns, wherein

the combining unit generates the firstjand second
combining signals by connecting the plurality of column

output lines through a capacitor to a same node mutually.

5. The imaging apparatus according to any one of
claims 1 to 3, further comprising

an analog to digital conversion unit configured to
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convert the first and second signals respectively to
digital signals, wherein

the combining unit generates the firstiand second
combining signals by combining the digital signals

generated by the analog to digital conversion unit.

6. The imaging apparatus according to any one of
claims 1 to 3, further comprising

a plurality of column output lines, to each of
which the first and second signals are outputted
respectively from the pixel, wherein

the plurality of column output 1lines afe arranged
each corresponding to one of columns and

the combining wunit performs the combining by

connecting the plurality of column output lines.
|

7. An imaging apparatus comprising:

a plurality of pixels, arranged in rows and columns,
each including one microlens, a plurality of
photoelectric conversion units generating an electric
charge based on an incident light from the one microlens
and a pixel amplifying unit outputting a signal based on
the electric charge;

a controlling wunit configured to control the
plurality of pixels so that a plurality of% the pixel
amplifying units to output a plurality of first signals
each based on a sum of the electric charge accumulated
in ones of the plurality of photoelectric conversion

units in the plurality of pixels, and %é output a
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plurality of second signals each based on a Sum of the
electric charge accumulated in the plurality of
photoelectric conversion units in the plﬁrality of
pixels;

a combining unit configured to generate % plurality
of first combining signals by combining mdtually the
first signals of the plurality of pixels, and a
plurality of second combining signals by% combining
mutually the second signals of the pluralityiof pixels;
and |

an output unit configured to output the plurality
of second combining signals which correspond to the
columns of the plurality of pixels, and a part of the
plurality of first combining signals which co&respond to
a part of the columns of the plurality ;of pixels,
without outputting the other part of the plurality of

first combining signals.

8. An imaging system comprising:

the imaging apparatus according to any one of
claims 1, 2, 3 and 7;

an optical system configured to focus ian optical
image onto the imaging apparatus; and }

an output signal processing unit coﬂfigured to
detect a focus based on the plurality of first combining
signals, and on a difference signal based on a
difference between the plurality of firsﬁ combining
signals and the plurality of second combining signals,

and to generate an image based on the plurality of

- 37 -
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second combining signals.

9.

A driving method of an imaging apparatus

having a plurality of pixels, arranged inf rows and

columns, each including one microlens and a plurality of

photoelectric conversion units generating an electric

charge based on an incident light from the one microlens,

comprising:

outputting, by each of the plurality of pixels, a

first signal based on an electric charge accumulated in

one of the plurality of photoelectric conversion units,

and a second signal based on a sum of electric charges

accumulated in the plurality of photoelectric! conversion

units;

generating a plurality of first combining signals

by combining mutually the first signals of the plurality

of pixels, and a plurality of second combining signals

by combining mutually the second signals of the

plurality of pixels; and

outputting the plurality of second combining

signals which correspond to the columns of thb plurality

of pixels,

and a part of the pluralityj of first

combining signals which correspond to a part of the

columns of the plurality of pixels, without. outputting

the other part of the plurality of first combining

signal.

10.

wherein

The driving method according to c¢laim 9,



10

15

20

25

the generating a plurality of firstf combining
signals 1is performed by adding mutually jthe first
signals of the pixels between different columns, and

the generating a plurality of second combining
signals is performed by adding mutually the second

signals of the pixels between different columné.

11. The driving method according to claim 9,
wherein

the generating a plurality of firsté combining
signals 1is performed by averaging mutually: the first
signals of the pixels between different columns, and

the generating a plurality of second combining
signals 1is performed by averaging mutually :the second

signals of the pixels between different columns.

12. The driving method according to any one of
claims 9 to 11, wherein

a plurality of column output 1lines, to each of
which the first and second signals are outputted
respectively from the pixel, are provided, the plurality
of column output lines are arranged each corresponding
to one of columns, and

the first and second combining signals are
generated by connecting the plurality of column output

lines through a capacitor to a same node mutually.

13. The driving method according to any one of

claims 9 to 11, further comprising
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converting the first and second signals
respectively to digital signals, wherein

the first combining signal is generated Dby
combining the digital signals based on the fi#st signal,
and

the second combining signal is generated by

combining the digital signals based on the second signal.

14. The imaging apparatus according to claim 1,
wherein the output unit further outputs the plurality of

the second combining signals.

15. The imaging apparatus according to claim 7,
wherein the output unit further outputs the plurality of

the second combining signals.

l6. The imaging apparatus according to claim 1,
further comprising an analog to digital conversion unit,
wherein

the combining unit generates the first and second
combining signals as analog signals, and outputs the
first and second combining signals to the analog to
digital conversion unit,

the analog to digital conversion unit cbnverts the
first and second combining signals respectively to
digital signals, and

the plurality of second combining signﬁls and the
part of the plurality of £first combining sigbals output

from the output unit are digital signals.



10

15

20

25

17. The imaging apparatus according to claim 7,
further comprising an analog to digital conversion unit,
wherein

the combining unit generates the first;and second
combining signals as analog signals, and outputs the
first and second combining signals to the analog to
digital conversion unit,

the analog to digital conversion unit converts the
first and second combining signals respectively to
digital signals, and

the plurality of second combining signals and the
part of the plurality of first combining signals output

from the output unit are digital signals.

18. A driving method of an imaging apparatus
having a plurality of pixels, arranged iq rows and
columns, each including one microlens and a piurality of
photoelectric conversion units generating an electric
charge based on an incident light from the one microlens,
and the imaging apparatus further having memory units
arranged corresponding to the columns and a horizontal
scanning circuit, the driving method comprisiﬁg:

outputting, by each of the plurality of pixels, a
first signal based on an electric charge accumulated in
one of the plurality of photoelectric convergion units,
and a second signal based on a sum of electric charges
accumulated in the plurality of photoelectric conversion
units;

generating a plurality of first combining signals

- 41 -
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by combining mutually the first signals of th% plurality
of pixels, and a plurality of second combining signals
by combining mutually the second signals of the
plurality of pixels;

holding, by the memory units, the plurality of
second combining signals;

holding, by at least a part of the memory units
configured to hold the plurality of second combining
signals, the plurality of first combining signgls;

scanning, by the horizontal scanning cﬂrcuit, the
part of the memory units holding the plurality of first
combining signals without scanning the other part of the
memory units; and

scanning, by the horizontal scanning circuit, the
memory units holding the plurality of second combining

signals.

- 42 -
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