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A system and method for driving a solid-state image pickup
device including a pixel array unit including unit pixels.
Each unit pixel includes a photoelectric converter, column
signal lines and a number of analog-digital converting units.
The unit pixels are selectively controlled in units of rows.
Analog signals output from the unit pixels in a row selected
by the selective control though the column signal lines are
converted to digital signals via the analog-digital converting
units. The digital signals are added among a number of unit
pixels via the analog-digital converting units. The added
digital signals from the analog-digital converting units are
read. Each unit pixel in the pixel array unit is selectively
controlled in units of arbitrary rows, the analog-distal con-
verting units being operable to performing the converting in
a (a) normal-frame-rate mode and a (b) high-frame-rate
mode in response to control signals.
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SOLID-STATE IMAGE PICKUP DEVICE AND
METHOD FOR DRIVING THE SAME IN
SOLID-STATE IMAGING PICKUP DEVICE
AND METHOD FOR DRIVING THE SAME
IN A NUMBER OF MODES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/094,420, filed Apr. 26, 2011, which
is a continuation of U.S. patent application Ser. No. 12/772,
573, filed May 3, 2010, now U.S. Pat. No. 7,961,238, which
is a continuation of U.S. patent application Ser. No. 12/419,
077, filed Apr. 6, 2009, now U.S. Pat. No. 7,710,479, which
is a division of U.S. patent application Ser. No. 11/058,851,
filed Feb. 16, 2005, now U.S. Pat. No. 7,623,173, which
claims the benefit of JP 2004-045943, filed in the Japan
Patent Office on Feb. 23, 2004, the entire disclosures of
which are hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a solid-state image
pickup device and a method for driving the same. Particu-
larly, the present invention relates to a solid-state image
pickup device for converting analog signals output from unit
pixels through column signal lines to digital signals and
reading the digital signals, and to a method for driving the
same.

2. Description of the Related Art

[0003] In recent years, a CMOS image sensor including a
column-parallel ADCs (analog-digital converters) has been
reported (e.g., see non-Patent Document 1: W. Yang et al.,
“An Integrated 800x600 CMOS Image System” ISS CC
Digest of Technical Papers, pp. 304-305, February 1999). In
this CMOS image sensor, ADCs are arranged for respective
columns in matrix-patterned unit pixels.

[0004] FIG. 15 is a block diagram showing the configu-
ration of a CMOS image sensor 100 including column-
parallel ADCs according to a known art.

[0005] In FIG. 15, unit pixels 101, each including a
photodiode and an intra-pixel amplifier, are two-dimension-
ally arranged in a matrix pattern so as to form a pixel array
unit 102. In the matrix-pattern arrangement of the pixel array
unit 102, row control lines 103 (103-1, 103-2) are arranged
for respective rows and column signal lines 104 (104-1,
104-2) are arranged for respective columns. The row address
and row scanning in the pixel array unit 102 is controlled by
a row scanning circuit 105 through the row control lines
103-1, 103-2.

[0006] An ADC 106 is disposed at one end of each of the
column signal lines 104-1, 104-2, so that a column process-
ing unit (column-parallel ADC block) 107 is formed. Fur-
ther, a digital-analog converter (hereinafter referred to as a
DAC) 108 for generating a reference voltage Vref having a
RAMP waveform and a counter 109 for measuring the time
of a comparing operation in a comparator 110 (to be
described later) by performing a counting operation in
synchronization with a clock CK of a predetermined period
are provided for the ADCs 106.

Oct. 26, 2017

[0007] Each of the ADCs 106 includes the comparator 110
for comparing an analog signal obtained from the unit pixel
101 in a selected row among the row control lines 103-1,
103-2, through the column signal line 104-1, 104-2, or, with
a reference voltage Vref generated by the DAC 108; and a
memory device 111 for holding the count value of the
counter 109 in response to the output of the comparator 110.
The ADC 106 has a function of converting an analog signal
supplied from each unit pixel 101 to a digital signal of N
bits.

[0008] Control of a column address and column scanning
to each ADC 106 in the column processing unit 107 is
performed by a column scanning circuit 112. That is, digital
signals of N bits which have been AD converted by the
ADCs 106 are sequentially read into a horizontal output line
113 having a width of 2N bits by column scanning of the
column scanning circuit 112 and the signals are transmitted
to a signal processing circuit 114 through the horizontal
output line 113. The signal processing circuit 114 includes
sensing circuits, subtraction circuits, and output circuits, the
number thereof being 2N corresponding to the horizontal
output line 113 having a width of 2N bits.

[0009] A timing control circuit 115 generates clock signals
and timing signals required by the operations of the row
scanning circuit 105, the ADCs 106, the DAC 108, the
counter 109, and the column scanning circuit 112 based on
a master clock MCK, and supplies the clock signals and
timing signals to corresponding circuits.

[0010] Next, the operation of the CMOS image sensor 100
having the above-described configuration according to the
known art will be described with reference to the timing
chart shown in FIG. 16.

[0011] After a first reading operation from the unit pixels
101 of a selected row to the column signal lines 104-1,
104-2, has become stable, a reference voltage Vref of a ramp
waveform is supplied from the DAC 108 to each of the
comparators 110. Accordingly, the respective comparators
110 compare the signal voltage Vx of the column signal lines
104-1, 104-2, with the reference voltage Vref. In this com-
paring operation, the polarity of the output Vco of the
comparator 110 is reversed when the reference voltage Vref
and the signal voltage Vx become equal to each other. In
response to the reversed output of the comparator 110, a
count value N1 of the counter 109 according to the com-
parison time in the comparator 110 is stored in the memory
device 111.

[0012] In the first reading operation, a reset component
AV of each unit pixel 101 is read. The reset component AV
includes fixed pattern noise as offset, which varies in each
unit pixel 101. However, since the variation of the reset
component AV is generally small and the reset level is
common in all the pixels, the signal voltage Vx of the
column signal lines 104 at the first reading operation is
approximately known. Therefore, at the first operation of
reading the reset component AV, the comparison time in the
comparator 110 can be shortened by adjusting the reference
voltage Vref of a ramp waveform. In the known art, the reset
component AV is compared in a count period of 7 bits (128
clocks).

[0013] In a second reading operation, a signal component
according to the amount of incident light in each unit pixel
101 is read in addition to the reset component AV in the
same manner as in the first reading operation. That is, after
the second reading operation from the unit pixels 101 in the
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selected row to the column signal lines 104-1, 104-2, has
become stable, the reference voltage Vref of a ramp wave-
form is supplied from the DAC 108 to each of the com-
parators 110. Accordingly, the respective comparators 110
compare the signal voltage Vx of the corresponding column
signal lines 104-1, 104-2, with the reference voltage Vref.

[0014] At the same time when the reference voltage Vref
is supplied to the comparators 110, the counter 109 starts
second counting. Then, in the second comparing operation,
the polarity of the output Vco of the comparator 110 is
reversed when the reference voltage Vref and the signal
voltage Vx become equal to each other. In response to the
reversed output of the comparator 110, a count value N2 of
the counter 109 according to the comparison time in the
comparator 110 is stored in the memory device 111. The first
count value N1 and the second count value N2 are stored in
different areas in the memory device 111.

[0015] After the above-described series of AD converting
operations, the column scanning circuit 112 performs col-
umn scanning, whereby the first and second N-bit digital
signals held in each memory device 111 are supplied to the
signal processing circuit 114 through 2N lines of the hori-
zontal output line 113. Then, the subtraction circuit (not
shown) in the signal processing circuit 114 performs sub-
traction (second signal)—(first signal) and the result is output.
Then, the same operation is sequentially performed for the
other rows, so that a two-dimensional image is formed.

[0016] In the CMOS image sensor including column-
parallel ADCs according to the known art, each memory
device 111 must hold the first and second count values N1
and N2. Thus, 2N memory devices 111 are required for an
N-bit signal, so that the scale and area of the circuitry
increases. Further, N-series clocks CK1 to CKN must be
input from the counter 109 to the memory devices 111, so
that clock noise and power consumption increase. Further,
2N lines are required in the horizontal output line 113 in
order to output the first and second count values N1 and N2,
and the current increases accordingly. In addition, N sub-
traction circuits are required for subtraction of the first and
second count values N1 and N2 before output, so that the
scale and area of the circuitry increase.

[0017] In order to realize high-speed imaging, a frame rate
is increased by skip-reading pixel information (e.g., see
non-Patent Document 2: M. Loose et al., “%4-inch CMOS
Imaging Sensor for High Definition Television”, 2001, IEEE
Workshop on CMOS and CCD Imaging sensors). By adopt-
ing this method, the frame rate of 60 frames per second can
be realized in the interlaced scanning shown in FIG. 18,
although the frame rate is 30 frames per second in the
progressive scanning shown in FIG. 17. In other words,
when pixel information to be output is read by skipping
rows, for example, when the number of rows to be read is
1/2, the frame rate can be doubled.

[0018] However, in the known art described in non-Patent
Document 2, that is, in the technique of increasing the frame
rate by reading pixel information by skipping rows, the
exposure time in each unit pixel is shortened as the frame
rate increases. For example, the exposure time is reduced by
half when the frame rate doubles. As a result, the effective
sensitivity of the unit pixel is reduced by half. Therefore,
when the frame rate is increased by applying skip reading of
pixel information in the CMOS image sensor 100 including
column-parallel ADCs, the sensitivity of the unit pixel
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decreases due to the higher frame rate, and thus the sensi-
tivity of imaging result decreases disadvantageously.

SUMMARY OF THE INVENTION

[0019] The present invention has been made in view of the
above-described problems, and an object of the present
invention is to provide a solid-state image pickup device
capable of realizing a higher frame rate without decreasing
sensitivity and a method for driving the solid-state image
pickup device.

[0020] In order to achieve the above-described object, in
the solid-state image pickup device of the present invention,
unit pixels, each including a photoelectric converter, are
two-dimensionally arranged in a matrix pattern, column
signal lines arranged for respective columns of the matrix
pattern, and the unit pixels are selectively controlled in units
of rows sequentially. Analog signals are output from the unit
pixels in a selectively controlled row through the column
signal lines and converted to digital values. The obtained
digital values are added among a plurality of pixel units and
the added digital values are read.

[0021] In the solid-state image pickup device having this
configuration, analog signals output from the unit pixels are
converted to digital values and the digital values are added
among a plurality of unit pixels and are read. In terms of the
number of pieces of read pixel information, this operation is
equivalent to interlaced reading (skip reading) of pixel
information. However, the amount of each piece of pixel
information is larger by X times if the number of pixels to
be added is X. Therefore, even when the exposure time of
the unit pixels is reduced to 1/2 in order to double the frame
rate, the amount of each piece of pixel information is
doubled by adding digital values of unit pixels between two
rows at analog-digital conversion, so that a decrease of
sensitivity can be prevented.

[0022] According to the present invention, in the solid-
state image pickup device for converting analog signals
output from unit pixels through column signal lines to digital
values and reading the digital values, the digital values are
added among a plurality of unit pixels and the added values
are read. With this method, the amount of each piece of pixel
information does not decrease even when the exposure time
of the unit pixels is reduced. Accordingly, the frame rate can
be increased while preventing a decrease in sensitivity.

[0023] Another embodiment provides a system and
method for driving a solid-state image pickup device includ-
ing a pixel array unit including unit pixels. Each unit pixel
includes a photoelectric converter, column signal lines and
a number of analog-digital converting units. The unit pixels
are selectively controlled in units of rows. Analog signals
output from the unit pixels in a row selected by the selective
control though the column signal lines are converted to
digital signals via the analog-digital converting units. The
digital signals are added among a number of unit pixels via
the analog-digital converting units. The added digital signals
from the analog-digital converting units are read. Each unit
pixel in the pixel array unit is selectively controlled in units
of arbitrary rows, the analog-distal converting units being
operable to performing the converting in a (a) normal-frame-
rate mode and a (b) high-frame-rate mode in response to
control signals.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a block diagram showing the configura-
tion of a CMOS image sensor including column-parallel
ADCs according to a first embodiment of the present inven-
tion;

[0025] FIG. 2 is a timing chart illustrating the operation of
the CMOS image sensor according to the first embodiment;
[0026] FIG. 3 is a timing chart illustrating the operation of
performing AD conversion and reading in parallel in the
CMOS image sensor according to the first embodiment;
[0027] FIG. 4 is a timing chart illustrating the operation of
the CMOS image sensor according to the first embodiment;
[0028] FIG. 5 is a timing chart illustrating the operation of
performing AD conversion and reading in parallel in the
CMOS image sensor according to the first embodiment;
[0029] FIG. 6 is a block diagram showing the configura-
tion of a CMOS image sensor including column-parallel
ADCs according to a second embodiment of the present
invention;

[0030] FIG. 7 is a timing chart illustrating the operation of
the CMOS image sensor according to the second embodi-
ment;

[0031] FIG. 8 is a block diagram showing the configura-
tion of a CMOS image sensor including column-parallel
ADCs according to a third embodiment of the present
invention;

[0032] FIG. 9 is a timing chart illustrating the operation of
the CMOS image sensor according to the third embodiment;
[0033] FIG. 10 is a block diagram showing the configu-
ration of a CMOS image sensor including column-parallel
ADCs according to a fourth embodiment of the present
invention;

[0034] FIG. 11 is an equivalent circuit diagram (1) illus-
trating the operation of the CMOS image sensor according
to the fourth embodiment;

[0035] FIG. 12 is a timing chart illustrating the operation
of the CMOS image sensor according to the fourth embodi-
ment;

[0036] FIG. 13 is an equivalent circuit diagram (2) illus-
trating the operation of the CMOS image sensor according
to the fourth embodiment;

[0037] FIG. 14 is a block diagram showing the configu-
ration of a CMOS image sensor including column-parallel
ADCs according to a fifth embodiment of the present
invention;

[0038] FIG. 15 is a block diagram showing the configu-
ration of a CMOS image sensor including column-parallel
ADCs according to a known art;

[0039] FIG. 16 is a timing chart illustrating the operation
of the CMOS image sensor according to the known art;
[0040] FIG. 17 is a timing chart illustrating an operation of
progressive scanning; and

[0041] FIG. 18 is a timing chart illustrating an operation of
interlaced scanning.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0042] Hereinafter, embodiments of the present invention
will be described with reference to the drawings.

First Embodiment

[0043] FIG. 1 is a block diagram showing the configura-
tion of a solid-state image pickup device according to a first
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embodiment of the present invention, for example, a CMOS
image sensor 10 including column-parallel ADCs. As shown
in FIG. 1, the CMOS image sensor 10 according to this
embodiment includes a pixel array unit 12, where unit pixels
11, each including a photoelectric transducer, are two-
dimensionally arranged in a matrix pattern; a row scanning
circuit 13, a column processing unit 14; a reference-voltage
supplying unit 15; a column scanning circuit 16; a horizontal
output line 17; and a timing control circuit 18.

[0044] In this system configuration, the timing control
circuit 18 generates clock signals and control signals serving
as reference of the operations of the row scanning circuit 13,
the column processing unit 14, the reference-voltage sup-
plying unit 15, the column scanning circuit 16, and so on,
based on a master clock MCK, and supplies the signals to the
row scanning circuit 13, the column processing unit 14, the
reference-voltage supplying unit 15, the column scanning
circuit 16, and so on.

[0045] A driving system and a signal processing system
for driving and controlling each unit pixel 11 of the pixel
array unit 12, that is, the row scanning circuit 13, the column
processing unit 14, the reference-voltage supplying unit 15,
the column scanning circuit 16, the horizontal output line 17,
and the timing control circuit 18 are integrated in a chip
(semiconductor substrate) 19 together with the pixel array
unit 12.

[0046] Although not shown in the figure, the unit pixel 11
includes a photoelectric transducer (e.g., photodiode) and a
three-transistor unit consisting of a transfer transistor for
transferring a charge obtained by photoelectric conversion in
the photoelectric transducer to an FD (floating diffusion)
unit; a reset transistor for controlling the potential of the FD
unit; and an amplifier transistor for outputting a signal
according to the potential of the FD unit, or a four-transistor
unit further including a selecting transistor for selecting a
pixel.

[0047] In the pixel array unit 12, unit pixels 11 of m
columns and n rows are two-dimensionally arranged, row
control lines 21 (21-1 to 21-r) are arranged for the respective
rows in the m columns and n rows of the unit pixels, and
column signal lines 22 (22-1 to 22-m) are arranged for the
respective columns. One end of each of the row control lines
21-1 to 21-r is connected to a corresponding output terminal
of the row scanning circuit 13. The row scanning circuit 13
includes a shift register or the like and controls the row
address and row scanning of the pixel array unit 12 through
the row control lines 21-1 to 21-».

[0048] The column processing unit 14 includes ADCs
(analog-digital converters) 23-1 to 23-m, which are provided
for the respective column signal lines 22-1 to 22-m of the
pixel array unit 12. The ADCs 23-1 to 23-m convert analog
signals output from the unit pixels 11 in the columns of the
pixel array unit 12 to digital signals and output the digital
signals. The present invention features the configuration of
these ADCs 23-1 to 23-m, which will be described in detail
later.

[0049] The reference-voltage supplying unit 15 includes a
DAC (digital-analog converter) 151 serving as a unit for
generating a reference voltage Vref having a so-called ramp
waveform, in which the level changes in a ramp form with
a lapse of time. Other units than the DAC 151 may be used
as a unit for generating a reference voltage Vref of a ramp
waveform.
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[0050] The DAC 151 generates a reference voltage Vref
having a ramp waveform based on a clock CK supplied from
the timing control circuit 18 under the control by a control
signal CS1 supplied from the timing control circuit 18 and
supplies the reference voltage Vref to the ADCs 23-1 to
23-m of the column processing unit 14.

[0051] Now, a specific configuration of the ADCs 23-1 to
23-m featured by the present invention is described.

[0052] Each of the ADCs 23-1 to 23-m is capable of
selectively performing AD conversion according to each
operation mode: a normal-frame-rate mode in a progressive
scanning for reading entire information of all of the unit
pixels 11; and a high-frame-rate mode where the exposure
time of the unit pixels 11 is set to 1/N of the normal-frame-
rate mode and the frame rate is increased by N times (e.g.,
twice). The operation mode is switched under control of
control signals CS2 and CS3 supplied from the timing
control circuit 18. Instructing information for switching
between the normal-frame-rate mode and the high-frame-
rate mode is supplied from an external system controller (not
shown) to the timing control circuit 18.

[0053] Since the ADCs 23-1 to 23-m have the same
configuration, the configuration of the ADC 23-m will be
described. The ADC 23-m includes a comparator 31, an
up/down counter serving as a counting unit (referred to as
U/D CNT in FIG. 1) 32, a transfer switch 33, and a memory
device 34.

[0054] The comparator 31 compares the signal voltage Vx
of the column signal line 22-m according to signals output
from the unit pixels 11 in the m-th column of the pixel array
unit 12 with the reference voltage Vref of a ramp waveform
supplied from the reference-voltage supplying unit 15. For
example, when the reference voltage Vref is higher than the
signal voltage Vx, the output Vco is in a “H” level. When the
reference voltage Vref is equal to or lower than the signal
voltage Vx, the output Vco is in a “L” level.

[0055] The up/down counter 32 is an asynchronous coun-
ter. The timing control circuit 18 supplies a clock CK to the
up/down counter 32 and the DAC 151 at the same time
under control by the control signal CS2, which is supplied
from the timing control circuit 18. Accordingly, the up/down
counter 32 performs up/down count in synchronization with
the clock CK in order to measure comparison time from the
start to the end of the comparing operation in the comparator
31.

[0056] Specifically, in the normal-frame-rate mode, when
a signal is read from one of the unit pixels 11, the compari-
son time of the first reading is measured by performing down
count at the first reading operation, and the comparison time
of the second reading is measured by performing up count
at the second reading operation.

[0057] On the other hand, in the high-frame-rate mode, a
count result on the unit pixel 11 in a row is held as is. Then,
after the process goes onto the unit pixel 11 in the next row,
down count is performed on the previous count result at the
first reading operation so as to measure the comparison time
at the first reading operation, and up count is performed at
the second reading operation so as to measure the compari-
son time at the second reading operation.

[0058] The transfer switch 33 is turned on (closed) when
the count operation of the up/down counter 32 on the unit
pixel 11 of a row has been completed under control by the
control signal CS3 supplied from the timing control circuit
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18, and transfers the count result of the up/down counter 32
to the memory device 34 in the normal-frame-rate mode.
[0059] On the other hand, in a high-frame-rate mode
where N=2, the transfer switch 33 is kept in an off-state
(open) when the count operation of the up/down counter 32
on the unit pixel 11 of a row is completed. Then, after the
count operation of the up/down counter 32 on the unit pixel
11 of the next row has been completed, the transfer switch
33 is turned on and transfers the count result of the vertical
two pixels in the up/down counter 32 to the memory device
34.

[0060] In this way, analog signals supplied from the unit
pixels 11 of the pixel array unit 12 through the column signal
lines 22-1 to 22-m are converted to N-bit digital signals by
the respective comparators 31 and the up/down counters 32
of the ADCs 23 (23-1 to 23-m), and the digital signals are
stored in the memory devices 34 (34-1 to 34-m).

[0061] The column scanning circuit 16 includes a shift
register or the like and controls a column address and
column scanning of the ADCs 23-1 to 23-m in the column
processing unit 14. Under the control by the column scan-
ning circuit 16, the N-bit digital signals which have been AD
converted by the ADCs 23-1 to 23-m are sequentially read
to the horizontal output line 17 and are output there through
as image data.

[0062] Although not directly related to the present inven-
tion and thus not shown in the figure, a circuit or the like for
performing various signal processes on the image data
output through the horizontal output line 17 may be addi-
tionally provided.

[0063] In the CMOS image sensor 10 including the col-
umn-parallel ADCs according to this embodiment, the count
result generated by the up/down counter 32 can be selec-
tively transferred to the memory device 34 via the transfer
switch 33. Therefore, the count operation by the up/down
counter 32 and the operation of reading the counter result
from the up/down counter 32 to the horizontal output line 17
can be controlled independently from each other.

[0064] Next, the operation of the CMOS image sensor 10
having the above-described configuration according to the
first embodiment will be described with reference to the
timing chart shown in FIG. 2.

[0065] Herein, a specific operation of the unit pixels 11 is
not described. As is well known, a reset operation and a
transfer operation are performed in the unit pixels 11. In the
reset operation, the potential of the FD unit reset to a
predetermined potential is output as a reset component from
the respective unit pixels 11 to the column signal lines 22-1
to 22-m. In the transfer operation, the potential of the FD
unit at the time when charge generated by photoelectric
conversion is transferred from the photoelectric transducer is
output as a signal component from the respective unit pixels
11 to the column signal lines 22-1 to 22-m.

[0066] A row i is selected in row scanning by the row
scanning circuit 13. After a first reading operation from the
unit pixels 11 in the selected row i to the column signal lines
22-1 to 22-m has become stable, the reference voltage Vref
of a ramp waveform is supplied from the DAC 151 to the
respective comparators 31 of the ADCs 23-1 to 23-m,
whereby the comparators 31 compare the signal voltages Vx
of the column signal lines 22-1 to 22-m with the reference
voltage Vref.

[0067] At the same time when the reference voltage Vref
is supplied to each of the comparators 31, a clock CK is
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supplied from the timing control circuit 18 to each of the
up/down counters 32, so that the up/down counter 32
measures the comparison time in the comparator 31 at the
first reading operation by a down count operation. When the
reference voltage Vref and the signal voltage Vx of the
respective column signal lines 22-1 to 22-m become equal to
each other, the output Vco of the comparator 31 is reversed
from a “H” level to a “L.” level. In response to the reversed
polarity of the output Vco of the comparator 31, the up/down
counter 32 stops the down count operation and holds a count
value corresponding to the first comparing period in the
comparator 31.

[0068] As described above, a reset component AV of the
unit pixels 11 is read in the first reading operation. The reset
component AV includes fixed-pattern noise which varies in
each pixel unit 11 as an offset. However, since the variation
of the reset component AV is generally small and the reset
level is common in all the pixels, the signal voltages Vx of
the column signal lines 22-1 to 22-m are approximately
known. Therefore, at the first operation of reading the reset
component AV, the comparing period can be shortened by
adjusting the reference voltage Vref. In this embodiment, the
reset component AV is compared in a count period of 7 bits
(128 clocks).

[0069] In the second reading operation, a signal compo-
nent Vsig according to the amount of incident light of each
unit pixel 11 is read in addition to the reset component AV
in the same manner as in the first reading operation. That is,
after the second reading operation from the unit pixels 11 in
the selected row 1 to the column signal lines 22-1 to 22-m has
become stable, the reference voltage Vref is supplied from
the DAC 151 to the respective comparators 31 of the ADCs
23-1 to 23-m. Accordingly, the respective comparators 31
compare the signal voltages Vx of the column signal lines
22-1 to 22-m with the reference voltage Vref, and at the same
time, the time of the second comparison in the respective
comparators 31 is measured by the corresponding up/down
counters 32 by an up count operation unlike in the first
operation.

[0070] In this way, each of the up/down counters 32
performs a down count operation at the first time and an up
count operation at the second time. Accordingly, subtraction
of (second comparing period)—(first comparing period) is
automatically performed in the up/down counter 32. Then,
the polarity of the output Vco of the comparator 31 is
reversed when the reference voltage Vref and the signal
voltage Vx of the respective column signal lines 22-1 to
22-m become equal to each other, and the count operation of
the up/down counter 32 is stopped in response to the
reversed polarity. As a result, a count value according to the
subtraction result of (second comparing period)-(first com-
paring period) is held in the up/down counter 32.

[0071] (Second comparing period)-(first comparing
period)=(signal component Vsig+reset component AV +off-
set component of ADC 23)—(reset component AV+offset
component of ADC 23)=(signal component Vsig). By per-
forming the two reading operations and subtraction by the
up/down counters 32, the reset component AV including
variations in the unit pixels 11 and an offset component of
each of the ADCs 23 (23-1 to 23-m) can be removed.
Accordingly, only a signal component Vsig according to the
amount of incident light of each unit pixel 11 can be
extracted. Herein, the reset component AV including varia-
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tions in the respective unit pixels 11 is removed by a
so-called CDS (correlated double sampling) process.
[0072] In the second reading operation, a signal compo-
nent Vsig according to the amount of incident light is read,
and thus the reference voltage Vref must be significantly
varied in order to judge the amount of light in a wide range.
For this reason, in the CMOS image sensor 10 according to
this embodiment, comparison is performed in a count period
of 10 bits (1024 clocks) when the signal component Vsig is
read. In this case, the number of comparison bits is different
in the first and second time. However, by making the
inclination of the ramp waveform of the reference voltage
Vref the same in the first and second time, the accuracy of
AD conversion can be made equal. Accordingly, a correct
subtraction result can be obtained from a subtraction process
(second comparing period)—(first comparing period) by the
up/down counter 32.

[0073] After the above-described series of AD converting
operations, a digital value of N bits is held in each of the
up/down counters 32. Then, the digital values (digital sig-
nals) of N bits which have been AD converted by the
respective ADCs 23-1 to 23-m of the column processing unit
14 are sequentially output to the outside through the hori-
zontal output line 17 of a width of N bits by column scanning
by the column scanning circuit 16. Then, the same operation
is sequentially performed for the respective rows, so that a
two-dimensional image is generated.

[0074] In the CMOS image sensor 10 including the col-
umn-parallel ADCs according to this embodiment, each of
the ADCs 23-1 to 23-m includes the memory device 34.
With this configuration, AD converted digital values of the
unit pixels 11 in the i-th row can be transferred to the
corresponding memory devices 34 and output to the outside
through the horizontal output line 17, while performing in
parallel a reading operation and an up/down count operation
on the unit pixels 11 in the i+1-th row.

[0075] Next, AD conversion and a reading operation per-
formed in parallel will be described with reference to the
timing chart shown in FIG. 3. In FIG. 3, VS denotes a
vertical synchronizing signal indicating one frame period
and HS denotes a horizontal synchronizing signal indicating
one horizontal scanning period.

[0076] In the operation shown in FIG. 3, after a count
value has been transferred from the up/down counter 32 to
the memory device 34, the up/down counter 32 must be reset
before starting a count operation in the up/down counter 32.
If an up/down count operation for the i+1-th row is per-
formed without resetting the up/down counter 32, the AD
conversion result of the previous i-th row is set to the initial
value of the up/down counter 32, and thus the sum of the i-th
row and the i+1-th row is held in the up/down counter 32 by
repeating the same operation.

[0077] Next, an adding operation in each of the up/down
counters 32 in the CMOS image sensor 10 including the
column-parallel ADCs according to this embodiment will be
described with reference to the timing chart shown in FIG.
4. The adding operation in the up/down counter 32 is
performed in an operation in a high-frame-rate mode, where
the exposure time of the unit pixels 11 is reduced to 1/2 from
the normal-frame-rate mode, where pixel information is read
from all the unit pixels 11 of the pixel array unit 12.
[0078] The up/down counter 32 is capable of holding a
digital value of N bits therein after reading the digital value.
In this embodiment, by using the data holding characteristic
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of the up/down counter 32, AD-converted values of the unit
pixels 11 in a plurality of rows (i-th row and i+l-th row in
this embodiment) are added in the up/down counter 32.
[0079] As described above, when a signal of each unit
pixel 11 in the i-th row is to be read, a digital value of
(second comparing time)—(first comparing time)=(Vsig
1+AV1)-AV1=Vsig 1 is held in the corresponding up/down
counter 32 when the signal component in the i-th row is Vsig
1 and the reset component AV of the i-th row is AV1. After
the AD conversion period of the i-th row, the process
proceeds to an operation of reading a signal of each unit
pixel 11 in the i+1-th row without resetting the up/down
counter 32, and the same reading operation as for the i-th
row is performed.

[0080] When the signal component of the i+1-th row is
Vsig 2 and when the reset component of the i+l-th row is
AV2, the digital value held in the up/down counter 32 after
AD conversion of the i+l-th row is Vsig 1+(Vsig 2+AV2)-
AV2=Vsig 1+Vsig 2. This digital value is in the up/down
counter 32 is transferred to the memory device 34 through
the transfer switch 33 and is output to the outside through the
horizontal output line 17. Accordingly, the sum Vsig 1+Vsig
2 of the signal components of the unit pixels 11 in the i-th
row and the i+1-th row can be output.

[0081] By repeating the above-described operation, an
image in which the pixel information is thinned to 1/2 in the
vertical direction (column direction on the sensor surface)
can be obtained. As a result, the frame rate can be increased
by twice compared to the normal-frame-rate mode, where
information of all the pixels is read.

[0082] As described above, in the CMOS image sensor 10
including the column-parallel ADCs according to the first
embodiment, analog signals output from the unit pixels 11
through the column signal lines 22-1 to 22-m are converted
to digital values by the ADCs 23-1 to 23-m provided for the
respective columns. Then, among the digital values, the
values of a plurality of unit pixels 11 (e.g., each two unit
pixels 11) in the vertical direction (column direction) are
added and read. Accordingly, the following function and
advantages can be obtained.

[0083] In terms of the number of pieces of read pixel
information, the above-described operation is equivalent to
interlaced reading (skip reading) of 1/2 in the vertical
direction. However, pixel information is added between two
pixels in the vertical direction, and thus the amount of one
piece of pixel information doubles. Therefore, even when
the exposure time of the unit pixels 11 is reduced to 1/2 in
order to double the frame rate, the amount of each piece of
pixel information doubles by adding digital values of the
unit pixels of two rows at AD conversion, so that the
sensitivity is not degraded compared to the normal-frame-
rate mode.

[0084] That is, even if the exposure time of the unit pixels
11 is shortened, the amount of each piece of pixel informa-
tion does not decrease, so that the sensitivity is not degraded
and a higher frame rate can be realized. Further, each of the
ADCs 23-1 to 23-m includes the up/down counter 32, which
performs an adding operation. With this configuration, a
highly-accurate adding operation can be realized without
using a memory device outside the chip 19 or using an
additional circuit as column-parallel ADCs.

[0085] Although the adding operation is performed by
using the up/down counter 32 in the first embodiment, a
counter may be used instead of the up/down counter 32 for
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a simple adding operation. However, the up/down counter
32 is advantageous because an adding operation can be
performed while performing digital CDS processing of
removing a reset component AV from the signal component
Vsig of the unit pixel 11. Also, the processing may be
realized by using an operating unit for performing a digital
operation.

[0086] The pixels are added between two rows in the first
embodiment, but the pixels may be added among three or
more rows. At this time, when the number of added rows is
M, the amount of image data can be compressed to 1/M.
[0087] In the first embodiment, the frame rate is increased
by M times by compressing the amount of image data to 1/M
and changing the data output rate. Alternatively, the frame
rate may be increased by M times without changing the data
output rate by shortening the AD conversion period to 1/M.
That is, the amount of data may be compressed by adding
pixels of rows by using the up/down counters 32 as in the
CMOS image sensor 10 according to the first embodiment,
but alternatively, as shown in the timing chart in FIG. 5, the
frame rate may be doubled without changing the data output
rate by shortening the AD conversion period to 1/M, for
example, 1/2.

[0088] When the AD conversion period can not be short-
ened while maintaining the bit accuracy of AD conversion,
the digital count value of up-count of the up/down counter
32 is restricted up to N-1 bits in the timing chart shown in
FIG. 4. In a case of 10-bit count, for example, comparison
is performed in a 1024-clock period. This period is reduced
to 9-bit count, that is, a 512-clock period. In this case, the
rate of time change of the reference voltage Vref (ramp
waveform) generated by the DAC 151 is the same. This
means that the bit accuracy of AD conversion does not
change.

[0089] When the frame rate doubles, the accumulation
time of each unit pixel is reduced to 1/2 and the amplitude
of a signal is also reduced to 1/2, so that the S/N decreases.
In an adding operation in the CMOS image sensor 10
according to the first embodiment, the digital value gener-
ated by addition of pixels in two rows is Vsig 1+Vsig 2.
Even when the frame rate doubles, the amplitude of the
signal is (Vsig 14+Vsig 2)/2=~Vsig 1. In this way, the change
of signal amplitude is small and thus the S/N is not degraded.
[0090] Likewise, when the AD conversion period is short-
ened to 1/M by adding M rows, the frame rate increases by
M times. At this time, the frame rate can be increased
without degrading the S/N by decreasing the bit accuracy of
AD conversion of N bits to N-M bits.

Second Embodiment

[0091] FIG. 6 is a block diagram showing the configura-
tion of a CMOS image sensor 50 including column-parallel
ADCs according to a second embodiment of the present
invention. FIG. 7 shows a timing chart for illustrating the
operation of the CMOS image sensor 50 according to this
embodiment.

[0092] The configuration of the CMOS image sensor 50
including column-parallel ADCs according to this embodi-
ment is basically the same as that of the CMOS image sensor
10 including column-parallel ADCs according to the first
embodiment shown in FIG. 1. The difference between them
is that a row scanning circuit 13A includes an address
decoder capable of selecting arbitrary row control lines 21-7
(21-1 to 21-r). The row scanning circuit 13 A including the
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address decoder is capable of sequentially selecting the row
control lines 21-1 to 21-» in the order of first row, third row,
second row, fourth row, as shown in FIG. 7, for example.
[0093] In this row scanning, when an adding operation is
performed in units of two rows as in the CMOS image
sensor 10 according to the first embodiment, the pixel 11-11
in the first row control line 21-1 and the pixel 11-31 in the
third row control line 21-3 are added, and the pixel 11-12 in
the first row control line 21-1 and the pixel 11-32 in the third
row control line 21-3 are added. In this way, the pixels 11-11,
11-12, 11-13, in the first row can be added to the pixels
11-31, 11-32, 11-33 in the third row, respectively.

[0094] Likewise, the pixel 11-21 in the second row control
line 21-2 and the pixel 11-41 in the fourth row control line
21-4 are added, and the pixel 11-22 in the second row control
line 21-2 and the pixel 11-42 in the fourth row control line
21-4 are added. In this way, the pixels 11-21, 11-22, 11-23
in the second row can be added to the pixels 11-41, 11-42,
and 11-43 in the fourth row, respectively. That is, pixels can
be added between odd-numbered rows and between even-
numbered rows.

[0095] Herein, assume that color filters are arranged in a
Bayer pattern on the pixel array unit 12 as shown in FIG. 6.
In this case, G (green) and R (red) color filters or B (blue)
and G color filters are arranged in each row.

[0096] In the CMOS image sensor including the Bayer-
patterned color filters, if the row control lines 21-1 to 21-»
are sequentially selected as in the CMOS sensor 10 accord-
ing to the first embodiment, pixels of different color-filter
elements are added, and thus different colors are mixed. In
contrast to this, in the CMOS image sensor 50 according to
this embodiment, pixels can be added between odd-num-
bered rows and between even-numbered rows so that pixels
of the same color can be added. Therefore, color mixture due
to addition of pixels does not occur.

Third Embodiment

[0097] FIG. 8 is a block diagram showing the configura-
tion of a CMOS image sensor 60 including column-parallel
ADCs according to a third embodiment of the present
invention. In FIG. 8, parts which are the same as those in
FIG. 1 are denoted by the same reference numerals.
[0098] The configuration of the CMOS image sensor 60
including column-parallel ADCs according to this embodi-
ment is basically the same as that of the CMOS image sensor
10 including column-parallel ADCs according to the first
embodiment shown in FIG. 1. The difference between them
is as follows.

[0099] The output of each of the ADCs 23-1, 23-3, con-
nected to the odd-numbered column signal lines 22-1, 22-3,
is output through a horizontal output line 17-1 of an N-bit
width. Likewise, the output of each of the ADCs 23-2, 234,
connected to the even-numbered column signal lines 22-2,
22-4, is output through a horizontal output line 17-2 of an
N-bit width. The digital signals of the odd-numbered rows
output through the horizontal output line 17-1 and the digital
signals of the even-numbered rows output through the
horizontal output line 17-2 are added in a digital adder 61 of
N bits.

[0100] In the CMOS image sensor 60 having the above-
described configuration according to this embodiment, the
count result generated by the up/down counter 32 is trans-
ferred to the memory device 34 and is held therein. With this
configuration, a counting operation in the up/down counter
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32 and an operation of reading a count result from the
memory device 34 to the horizontal output line 17-1 or 17-2
can be controlled independently from each other. Therefore,
count values of the even-numbered columns and odd-num-
bered columns can be read from the memory devices 34 and
added in the digital adder 61 while performing a counting
operation in each up/down counter 32. As a result, pixels can
be added between two columns.

[0101] Furthermore, by combining the inter-column add-
ing operation in the CMOS image sensor 60 according to
this embodiment and the inter-row adding operation in the
CMOS image sensor 10 according to the first embodiment,
an adding operation of 2 rows and 2 columns can be realized.
[0102] Next, the operation of the CMOS image sensor 60
having the above-described configuration according to the
third embodiment will be described with reference to the
timing chart shown in FIG. 9.

[0103] An operation of reading signals from the unit pixels
11 of the pixel array unit 12 in units of rows and performing
a count operation in the up/down counters 32 of the ADCs
23-1,23-2, is the same as that in the CMOS image sensor 10
according to the first embodiment. An operation of adding
digital count values of the x-th row (x is an arbitrary number
of 1 to n-1) and the x+1-th row in the corresponding
up/down counter 32 is the same as that in the CMOS image
sensor 50 according to the second embodiment.

[0104] After the adding operation, the addition result is
transferred to the memory device 34 in each column, and the
addition results of the odd-numbered columns and the
even-numbered columns are input to the digital adder 31
through the horizontal output lines 17-1 and 17-2, respec-
tively. At this time, control signals M1, M2, M3, output from
the column scanning circuit 16 are simultaneously output in
pairs of M1 and M2, M3 and M4. Accordingly, the digital
values (addition results) held in the memory devices 34 are
simultaneously output to the horizontal output line 17-1 or
17-2 in units of two columns.

[0105] In the timing chart shown in FIG. 9, the addition
result in the odd-numbered columns is output to signal
output A and the addition result in the even-numbered
columns is output to signal output B. Specifically, the
addition result of the pixels 11-11 and 11-21 is output as a
top signal of the signal output A and the addition result of the
pixels 11-12 and 11-22 is output as a top signal of the signal
output B. As a result, the addition result of the four pixels
11-11, 11-12, 11-21, and 11-22 is output as the top output of
the digital adder 61.

[0106] As is clear from the above description, in the
CMOS image sensor 60 according to this embodiment, by
decreasing the bit accuracy of AD conversion and shortening
the AD conversion period to 1/4, the frame rate can be
increased by four times while keeping the sensitivity con-
stant as in the CMOS image sensor 50 according to the
second embodiment.

Fourth Embodiment

[0107] FIG. 10 is a block diagram showing the configu-
ration of a CMOS image sensor 70 including column-
parallel ADCs according to a fourth embodiment of the
present invention. In the figure, parts which are the same as
those in FIG. 1 are denoted by the same reference numerals.
[0108] In the above-described CMOS image sensors 10,
50, and 60 including column-parallel ADCs according to the
first to third embodiments, the column processing unit 14,
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the reference-voltage supplying unit 15, the column scan-
ning circuit 16, and the horizontal output line 17 (17-1 and
17-2) are provided on only one of the upper and lower sides
(e.g., lower side) of the column direction of the pixel array
unit 12.

[0109] In contrast to this configuration, in the CMOS
image sensor 70 including column-parallel ADCs according
to this embodiment, a pair of column processing units 14A
and 14B, a pair of reference-voltage supplying units 15A and
15B, a pair of column scanning circuits 16A and 16B, and
a pair of horizontal output lines 17A and 17B are disposed
on both sides of the pixel array unit 12 in the column
direction. Further, selecting switches 71A and 71B are
disposed between the pixel array unit 12 and the column
processing units 14A and 14B.

[0110] The pair of column processing units 14A and 14B,
the pair of reference-voltage supplying units 15A and 15B,
and the pair of column scanning circuits 16A and 16B have
the entirely same configuration as that of the column pro-
cessing unit 14, the reference-voltage supplying unit 15, and
the column scanning circuit 16, respectively, of the CMOS
image sensor 10 according to the first embodiment.

[0111] Each of the horizontal output lines 17A and 17B is
a signal line of N bits, which transmits digital signals of N
bits output from the column processing unit 14A or 14B to
a digital adder 72 of N bits. The digital adder 72 adds the
digital signals output from the column processing units 14A
and 14B through the horizontal output lines 17A and 17B.

[0112] The selecting switches 71A and 71B operate in a
complimentary manner so as to connect one of two adjoin-
ing column signal lines to the column processing unit 14A
when the other column signal line is connected to the
column processing unit 14B, and vice versa.

[0113] Specifically, in the selecting switches 71A and 71B,
fixed contacts on one side (contacts a) are connected to both
ends of the column signal line 22-2, the other fixed contacts
b are connected to both ends of the column signal line 22-3,
and movable contacts ¢ are connected to an ADC 23A-2 and
an ADC 23B-1, respectively. When the movable contact ¢ of
the selecting switch 71A is connected to the fixed contact a,
the movable contact ¢ of the selecting switch 71B is con-
nected to the fixed contact b. When the movable contact ¢ of
the selecting switch 71A is connected to the fixed contact b,
the movable contact ¢ of the selecting switch 71B is con-
nected to the fixed contact a.

[0114] In order to simplify the figure, only the selecting
switches 71A and 71B connected between the column signal
lines 22-2 and 22-3 are shown in FIG. 10. However, these
selecting switches 71A and 71B are provided for every two
columns in units of two adjoining column signal lines from
the second column.

[0115] In the CMOS image sensor 70 including the col-
umn-parallel ADCs according to this embodiment, when the
movable contact ¢ of the selecting switch 71A is connected
to the fixed contact a and when the movable contact ¢ of the
selecting switch 71B is connected to the fixed contact b,
analog signals of the pixels in the first and second columns,
the fifth and sixth columns, are read into the column
processing unit 14A, and analog signals of the pixels in the
third and fourth columns, the seventh and eighth columns,
are read into the column processing unit 14B. Then, the
analog signals are converted to digital signals by respective
comparators 31A and 31B and up/down counters 32A and
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32B, and the digital signals are stored in the respective
memory devices 34A and 34B. The equivalent circuit of this
case is shown in FIG. 11.

[0116] As shown in the timing chart shown in FIG. 12,
control signals Mal, Ma2, from the column scanning circuit
16A and control signals Mb1, Mb2, from the column scan-
ning circuit 16B are sequentially output in the same timing,
respectively. Then, the digital values of the pixels in the first
and third columns stored in the memory devices 34A and
34B in the ADCs 23A-1 and 23B-1 are simultaneously read
into the horizontal output lines 17A and 17B by the control
signals Mal and Mbl1, respectively. Then, the digital values
of the pixels in the second and fourth columns stored in the
memory devices 34A and 34B in the ADCs 23A-2 and
23B-2 are simultaneously read into the horizontal output
lines 17A and 17B by the control signals Ma2 and Mb2,
respectively. The same operation is sequentially performed
thereafter.

[0117] As a result, the digital adder 72 adds digital values
of the pixels of two odd-numbered columns and two even-
numbered columns like this: digital values of the pixels in
the first and third columns are added and digital values of the
pixels in the second and fourth columns are added. In this
way, by adding pixels between odd-numbered columns and
between even-numbered columns, same colors can be added
together when the color filters are arranged in a Bayer
pattern as shown in FIG. 11. Therefore, mixture of different
colors due to addition of pixels does not occur.

[0118] Furthermore, by combining the adding operation
between two columns in the CMOS image sensor 70 accord-
ing to this embodiment and the adding operation between
two rows in the CMOS image sensor 50 according to the
second embodiment, same colors can be added both between
columns and between rows. Therefore, an adding operation
of 2 rows and 2 columns can be realized without mixing
different colors. Further, the frame rate can be increased by
four times while keeping the sensitivity constant.

[0119] On the other hand, in FIG. 10, when the movable
contact ¢ of the selecting switch 71A is connected to the
fixed contact b and when the movable contact ¢ of the
selecting switch 71B is connected to the fixed contact a,
analog signals of the pixels in the first and third columns, the
fifth and seventh columns, are read into the column pro-
cessing unit 14A, and analog signals of the pixels in the
second and fourth columns, the sixth and eighth columns,
are read into the column processing unit 14B. Then, the
analog signals are converted to digital signals by the respec-
tive comparators 31A and 31B and the up/down counters
32A and 32B, and the digital signals are stored in the
memory devices 34A and 34B. The equivalent circuit of this
case is shown in FIG. 13.

[0120] The control signals Mal, Ma2, from the column
scanning circuit 16A and the control signals Mb1, Mb2,
from the column scanning circuit 16B are sequentially
output in the same timing, respectively. Therefore, the
digital values of the pixels in the first and second columns
stored in the memory devices 34A and 34B in the ADCs
23A-1 and 23B-1 are simultaneously read into the horizontal
output lines 17A and 17B by the control signals Mal and
Mbl, respectively. Then, the digital values of the pixels in
the third and fourth columns stored in the memory devices
34A and 34B in the ADCs 23A-2 and 23B-2 are simulta-
neously read into the horizontal output lines 17A and 17B by
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the control signals Ma2 and Mb2, respectively. The same
operation is sequentially performed thereafter.

[0121] As aresult, the digital adder 72 adds digital values
of'the pixels in two adjoining (sequential) columns like this:
digital values of the pixels in the first and second columns
are added and digital values of the pixels in the third and
fourth columns are added. Such addition of pixels between
two adjoining columns can be applied to a three-plate image
sensor in which color filters of the same color (only R/G/B)
are provided on the same sensor.

[0122] Furthermore, by combining the adding operation
between two columns in the CMOS image sensor 70 accord-
ing to this embodiment and the adding operation between
two rows in the CMOS image sensor 10 according to the first
embodiment, an adding operation of 2 rows and 2 columns
can be realized. Further, the frame rate can be increased by
four times while keeping the sensitivity constant.

[0123] As described above, in the CMOS image sensor 70
according to this embodiment, the column processing units
14A and 14B are disposed on both sides of the pixel array
unit 12, and the selecting switches 71A and 71B are pro-
vided between the pixel array unit 12 and the column
processing units 14A and 14B. By using the function of the
selecting switches 71A and 71B, the pair of columns to be
added can be arbitrarily selected. With this circuit configu-
ration, addition of digital values of pixels can be realized
both in a single-plate image sensor having a Bayer pattern
and a three-plate image sensor.

[0124] In this embodiment, the horizontal output lines
17A and 17B are provided corresponding to the pair of
column processing units 14A and 14B. Alternatively, as in
the third embodiment, each of the horizontal output lines
17A and 17B may comprise a plurality of lines (e.g., two
lines), so that two control signals M are simultaneously
output from each of the column scanning circuits 16A and
16B. Accordingly, addition of pixels can be realized between
four columns.

[0125] Further, in this embodiment, the pair of column
processing units, the pair of reference-voltage supplying
units, the pair of column scanning circuits, the pair of
horizontal output lines, and the pair of selecting switches are
provided so as to add pixels in two columns. Alternatively,
three or more column processing units, reference-voltage
supplying units, column scanning circuits, horizontal output
lines, and selecting switches may be provided. With this
configuration, addition of pixels can be realized between
three or more columns.

Fifth Embodiment

[0126] FIG. 14 is a block diagram showing the configu-
ration of a CMOS image sensor 80 including column-
parallel ADCs according to a fifth embodiment of the
present invention. In the figure, parts which are the same as
those in FIG. 8 are denoted by the same reference numerals.
[0127] The configuration of the CMOS image sensor 80
including column-parallel ADCs according to this embodi-
ment is basically the same as that of the CMOS image sensor
60 including column-parallel ADCs according to the third
embodiment shown in FIG. 8. The difference therebetween
is as follows.

[0128] That is, in the CMOS image sensor 60 including
column-parallel ADCs according to the third embodiment,
digital values of pixels are added between odd-numbered
columns and between even-numbered columns. In contrast
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to this, in the CMOS image sensor 80 including column-
parallel ADCs according to this embodiment, a selecting
switch 81 is provided between the pixel array unit 12 and the
column processing unit 14. By using the function of the
selecting switch 81, the pair of columns to be added can be
arbitrarily selected.

[0129] The selecting switch 81 includes two switches 81A
and 81B which operate in conjunction with each other. In the
switch 81A, a fixed contact al is connected to the second
column signal line 22-2; a fixed contact b1 is connected to
the third column signal line 22-3, and a movable contact c1
is connected to the second ADC 23-2. In the switch 81B, a
fixed contact a2 is connected to the third column signal line
22-3, a fixed contact b2 is connected to the second column
signal line 22-2, and a movable contact ¢2 is connected to
the third ADC 23-3.

[0130] In order to simplify the figure, only the selecting
switch 81 between the column signal lines 22-2 and 22-3 is
shown in FIG. 14. However, the selecting switch 81 is
provided for every two columns in units of adjoining two
column signal lines from the second column.

[0131] In the CMOS image sensor 80 including column-
parallel ADCs according to this embodiment, when the
movable contacts ¢l and c2 of the selecting switch 81 are
connected to the fixed contacts al and a2, respectively,
analog signals of the pixels in the first, second, third, fourth,
columns are converted to digital signals by the ADCs 23-1,
23-2,23-3, 23-4, respectively, and the digital signals are held
in the ADCs.

[0132] Then, as in the CMOS image sensor 60 including
column-parallel ADCs according to the third embodiment,
control signals M1, M2, M3, M4, are simultaneously output
from the column scanning circuit 16 in pairs of M1 and M2,
M3 and M4, so that the digital values held in the memory
devices 34 are simultaneously output to the horizontal
output lines 17-1 and 17-2 in units of two columns. Then, the
digital values output through the horizontal output line 17-1
and the digital values output through the horizontal output
line 17-2 are added in the digital adder 61 of N bits.
[0133] As a result, the digital adder 61 adds the digital
values of the pixels in adjoining (sequential) two columns
like this: adds the digital values of the pixels in the first and
second columns and then adds the digital values of the pixels
in the third and fourth columns. Such addition of pixels
between two adjoining columns can be applied to a three-
plate image sensor in which color filters of the same color
(only R/G/B) are provided on the same sensor.

[0134] Furthermore, by combining the adding operation
between two columns in the CMOS image sensor 80 accord-
ing to this embodiment and the adding operation between
two rows in the CMOS image sensor 10 according to the first
embodiment, an adding operation of 2 rows and 2 columns
can be realized. Further, the frame rate can be increased by
four times while keeping the sensitivity constant.

[0135] On the other hand, when the movable contacts c1
and c2 of the selecting switch 81 are connected to the fixed
contacts bl and b2, respectively, analog signals of the pixels
in the first column, the third column, are converted to digital
signals by the odd-numbered ADCs 23-1, 23-3, respectively,
and the digital signals are held in the ADCs. Likewise,
analog signals of the pixels in the second column, the fourth
column, are converted to digital signals by the even-num-
bered ADCs 23-2, 23-4, respectively, and the digital signals
are held in the ADCs.
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[0136] Then, as in the CMOS image sensor 60 including
column-parallel ADCs according to the third embodiment,
the output of each of the odd-numbered ADCs 23-1, 23-3, is
output through the horizontal output line 17-1 of an N-bit
width, and the output of each of the even-numbered ADCs
23-2, 23-4, is output through the horizontal output line 17-2
of an N-bit width. Then, the digital signals in the odd-
numbered columns output through the horizontal output line
17-1 and the digital signals in the even-numbered columns
output through the horizontal output line 17-2 are added in
the digital adder 61 of N bits.

[0137] This operation is the same as that of the CMOS
image sensor 60 including column-parallel ADCs according
to the third embodiment. With this operation, two pixels can
be added between odd-numbered columns and between
even-numbered columns. As a result, pixels of same colors
can be added when the color filters are arranged in a Bayer
pattern, and thus mixture of different colors caused by
addition of pixels does not occur.

[0138] By combining the adding operation between two
columns in the CMOS sensor 80 according to this embodi-
ment and the adding operation between two rows in the
CMOS image sensor 50 according to the second embodi-
ment, same colors can be added both between columns and
between rows. Therefore, an adding operation of 2 rows and
2 columns can be realized without causing mixture of
different colors. Further, the frame rate can be increased by
four times while keeping the sensitivity constant.

[0139] As described above, in the CMOS image sensor 80
according to this embodiment, the selecting switch 81 is
provided between the pixel array unit 12 and the column
processing unit 14. With this configuration, the pair of
columns to be added can be arbitrarily selected by using the
function of the selecting switch 81. Therefore, addition of
pixels can be realized both in a single-plate image sensor
having a Bayer pattern and a three-plate image sensor by
using this circuit configuration.

[0140] In this embodiment, two horizontal output lines are
provided and the selecting switch 81 is provided between
two columns so as to realize addition of two pixels between
columns. Alternatively, by providing three or more horizon-
tal output lines and providing the selecting switch 81 among
three or more columns, addition of three or more pixels
among the columns can be realized.

What is claimed is:

1. A solid-state image pickup device comprising:

a pixel array unit including unit pixels which are two-
dimensionally arranged in a matrix pattern, each unit
pixel including a photoelectric converter, and column
signal lines corresponding to respective columns of the
matrix pattern;

a row scanning unit selectively controlling each unit pixel
of the pixel array unit in units of rows;

a pair of column processing units, each including a
plurality of analog-digital converting units, each con-
verting an analog signal output from a respective one of
the unit pixels in each row selectively-controlled by the
row scanning unit through the column signal lines to a
respective digital signal;

a pair of column scanning units controlling output of the
digital signals added in the analog-digital converting
unit, a first portion of the unit pixels and their analog-
digital converting units associated with one of the
column scanning units, a second portion of the unit
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pixels and their analog-digital converting units associ-
ated with the other of the column scanning units;

respective selecting switches between the pixel array unit
and the column scanning units

a respective pair of output lines for transmitting the digital
signals output from the analog-digital converting units
under control by the column scanning units; and

a digital adder unit to which the output lines are connected
and which adds together digital signals output from the
column processing units.

2. A solid-state image pickup device according to claim 1,
comprising a pair of reference voltage sources which pro-
vide respective reference voltages to the analog-digital con-
verting unit, and wherein each analog-digital converter
comprises a comparator for comparing the analog signal
output from a unit pixel with a respective reference voltage.

3. A solid-state image pickup device according to claim 2,
wherein each analog-digital converting unit comprises a
measuring unit for measuring comparison time in the com-
parator from the start to the end of a comparing operation,
the measuring unit performing addition of the digital signals.

4. A solid-state image pickup device according to claim 3,
wherein the measuring unit is a counter which adds the
digital signals by repeating a count operation on each analog
signal of the plurality of unit pixels.

5. A solid-state image pickup device, comprising:

a pixel array unit including unit pixels which are two-
dimensionally arranged in a matrix pattern, each unit
pixel including a photoelectric converter, and column
signal lines corresponding to respective columns of the
matrix pattern;

a row scanning unit selectively controlling each unit pixel
of the pixel array unit in units of rows;

a pair of column processing units, each including a
plurality of analog-digital converting units, each con-
verting an analog signal output from a respective one of
the unit pixels in each row selectively-controlled by the
row scanning unit through the column signal lines to a
respective digital signal;

a pair of column scanning units controlling output of the
digital signals added in the analog-digital converting
unit, a first portion of the unit pixels and their analog-
digital converting units associated with one of the
column scanning units, a second portion of the unit
pixels and their analog-digital converting units associ-
ated with the other of the column scanning units;

respective selecting switches between the pixel array unit
and the column scanning units

a respective pair of output lines for transmitting the digital
signals output from the analog-digital converting units
under control by the column scanning units; and

a digital adder unit to which the output lines are connected
and which adds together digital signals output from the
column processing units,

wherein,
each analog-digital converting means comprises (a)

comparing means for comparing the analog signal
output from each unit pixel with a reference voltage,
and (b) measuring means for measuring comparison
time in the comparing means from the start to the end
of a comparing operation, the measuring means
performing addition of the digital signals,
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the measuring means is a counter which forms the
digital signals by repeating a count operation on each
analog signal of the plurality of unit pixels, and

the counter is an up/down counter, which performs
subtraction by performing a down count and an up
count on first and second analog signals output from
one of the unit pixels and which performs addition
by repeating an up count on each analog signal of the
plurality of unit pixels.
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