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(57) ABSTRACT

A solid-state image sensor comprises a pixel array in which a
plurality of pixels are two-dimensionally arranged, and a
plurality of column signal processing circuits which read out
signals from the pixel array via a plurality of column signal
lines arranged in correspondence with respective columns of
the pixel array, wherein signals of the pixels of different
colors in the pixel array are read out by the plurality of column
signal processing circuits during a single period, and wherein
at least the column signal processing circuits which process
signals of the pixels of different colors, of the plurality of
column signal processing circuits, are driven via conductive
lines which are separated from each other in a region where at
least the column signal processing circuits which process
signals of the pixels of different colors are arranged.
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SOLID-STATE IMAGE SENSOR AND
CAMERA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a solid-state image
sensor and a camera including the same.

[0003] 2. Description of the Related Art

[0004] Cameras such as digital cameras and digital cam-
corders incorporate a solid-state image sensor such as a
CMOS image sensor on which a plurality of photoelectric
conversion sections are two-dimensionally arranged. The
solid-state image sensor is required to have a steady high
frame rate to cope with a high continuous shooting speed (the
number of images to be captured per sec) and a high-resolu-
tion movie capture. Japanese Patent Laid-Open No. 2005-
311821 discloses a solid-state image sensor in which a plu-
rality of column read lines are arranged for each column of'a
pixel array, so as to improve the frame rate of the solid-state
image sensor.

[0005] In an arrangement in which pixel signals of a plu-
rality of colors are read out during a single period, a potential
change of a column signal line often influences other column
signal lines via a power supply line used to drive a column
signal processing circuit or a signal line used to control the
column signal processing circuit. As a result, mixture of col-
ors may occur since the pixel signals of the plurality of colors
influence each other.

SUMMARY OF THE INVENTION

[0006] The present invention provides a technique which is
effective to reduce mixture of colors in the arrangement in
which pixel signals of a plurality of colors are read out during
a single period.

[0007] The first aspect of the present invention provides a
solid-state image sensor comprising a pixel array in which a
plurality of pixels are two-dimensionally arranged, and a
plurality of column signal processing circuits which read out
signals from the pixel array via a plurality of column signal
lines arranged in correspondence with respective columns of
the pixel array, wherein signals of the pixels of different
colors in the pixel array are read out by the plurality of column
signal processing circuits during a single period, and wherein
at least the column signal processing circuits which process
signals of the pixels of different colors, of the plurality of
column signal processing circuits, are driven via conductive
lines which are separated from each other in a region where at
least the column signal processing circuits which process
signals of the pixels of different colors are arranged.

[0008] The second aspect of the present invention provides
a camera comprising the above solid-state image sensor, and
a processing section which processes signals output from the
solid-state image sensor.

[0009] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.1isablock diagram showing an example of the
arrangement of a solid-state image sensor;

[0011] FIG. 2 is a diagram for explaining the reason why
mixture of colors occurs via a power supply line;
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[0012] FIG. 3 is a diagram for explaining the reason why
mixture of colors occurs via a control line;

[0013] FIG. 4 is a block diagram showing the arrangement
of a solid-state image sensor according to the first embodi-
ment of the present invention;

[0014] FIG. 5is a block diagram showing the arrangement
of' a solid-state image sensor according to the second embodi-
ment of the present invention;

[0015] FIG. 6 is a block diagram showing the arrangement
of a solid-state image sensor according to the third embodi-
ment of the present invention;

[0016] FIG. 7 is a view for explaining an example of a chip
layout of the solid-state image sensor of each of the first to
third embodiments;

[0017] FIG. 8 is a view for explaining a modification of the
solid-state image sensor of each of the first to third embodi-
ments;

[0018] FIG. 9 is a circuit diagram for explaining an
example of the practical circuit arrangement and operation of
the solid-state image sensor of each of the first to third
embodiments;

[0019] FIG. 10 is a timing chart for explaining an example
of'the practical circuit arrangement and operation of the solid-
state image sensor of each of the first to third embodiments;
[0020] FIG. 11 a sectional view for explaining an example
of' the sectional structure of the solid-state image sensor; and
[0021] FIG. 12 a sectional view for explaining an example
of the sectional structure of the solid-state image sensor.

DESCRIPTION OF THE EMBODIMENTS

[0022] The aforementioned problem of mixture of colors
will be explained first by looking at some practical examples.
FIG. 1 is a block diagram showing an example of the arrange-
ment of a solid-state image sensor. A pixel array 102 is con-
figured by arranging a plurality of pixel sections 101 in two-
dimension. Each pixel can include, for example, a
photoelectric conversion element, a floating diffusion (to be
abbreviated as FD hereinafter), a transfer switch which trans-
fers a charge generated and accumulated by the photoelectric
conversion element to the FD, and an amplifier section which
outputs a signal according to the charge transferred to the FD
to a column signal line 122 or 123. Each pixel can further
include a reset section which resets a potential of the FD, and
a selection section. A method of omitting the selection sec-
tion, and selecting a row by controlling the FD potential is
also available.

[0023] Onrespective pixels, for example, in a primary color
filter system, any of R, G1, G2, and B color filters are arranged
according to an arrangement such as a Bayer arrangement.
Pixels on whichthe R, G1, G2, and B color filters are arranged
can be respectively called an R pixel, G1 pixel, G2 pixel, and
B pixel. The R pixel is a red pixel, the G1 and G2 pixels are
green pixels, and the B pixel is a blue pixel. The G1 and G2
pixels are those having the same color (both pixels may be
called G pixels), and the R, G, and B pixels are those having
different colors. Note that the problem to be described below
may occur when signals are read out from different color
pixels via a column signal line during a single period even in
a complementary color filter system and other systems. Also,
the problem to be described below may occur not only in a
MOS image sensor but also in other solid-state image sensors
such as a CCD image sensor. The present invention is appli-
cable to other solid-state image sensors such as a CCD image
sensor in addition to the MOS image sensor.
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[0024] A row of the pixel array 102 is selected by a row
selecting circuit (vertical scanning circuit) 120, and columns
of the pixel array 102 are selected by column selecting cir-
cuits (horizontal scanning circuits) 106 and 107. The row
selecting circuit 120 and the column selecting circuits 106
and 107 operate according to timing signals which are gen-
erated by a timing control circuit 104 based on clocks 103.
Signals of pixels of a column selected by the column selecting
circuit 107 are read out by a column signal processing circuit
of that column, and are output via a switch 151, horizontal
signal lines 131 and 132, and output amplifiers 141 and 142.
Signals of pixels of a column selected by the column selecting
circuit 106 are read out by a column signal processing circuit
of that column, and are output via a switch 152, horizontal
signal lines 133 and 134, and output amplifiers 143 and 144.

[0025] To the pixel array 102, a plurality of column signal
lines 122 and 123 are connected, so that two column signal
lines 122 and 123 are connected to each column. The plurality
of column signal lines 122 are connected to column signal
processing circuits 108 to 111 arranged on one side of the
pixel array 102. The plurality of column signal lines 123 are
connected to column signal processing circuits 114 to 117
arranged on the other side of the pixel array 102. The column
signal processing circuits 108 to 111 read out signals from the
(G2 and B pixels via the plurality of column signal lines 122
during a single period. The column signal processing circuits
114 to 117 read out signals from the R and G1 pixels via the
plurality of column signal lines 123 during a single period. In
this example, the column signal processing circuits 108 to
111 arranged on one side of the pixel array 102 read out
signals from the pixels of the two different colors during a
single period. Also, in this example, the column signal pro-
cessing circuits 114 to 117 arranged on the other side of the
pixel array 102 read out signals from the pixels of the two
different colors during a single period. Typically, the column
signal processing circuits 108 to 111 and 114 to 117 are
controlled to read out signals from the pixels during a single
period, and the signals can be read out from the pixels of all
the colors during the single period. In this way, when the two
column signal lines are connected to each column, signals of
the pixels having the different colors are read out during the
single period, and the same applies to a case in which three or
more column signal lines are connected to each column. That
is, when a plurality of column signal lines are connected to
each column, signals of pixels having different colors are read
out during the single period.

[0026] To the column signal processing circuits 108 to 111,
a power supply voltage is supplied from a power supply
section 112 via a power supply line 112, and a control signal
113 is supplied via a control line 113L.. The column signal
processing circuits 108 to 111 read out signals from the G2
and B pixels, that is, those having the different colors during
the single period. For this reason, when a signal which
appears on an arbitrary column signal line 122 has a large
amplitude, it may influence signals which appear on other
column signal lines 122 via the power supply line 1121 and
control line 113L. To the column signal processing circuits
114 to 117, a power supply voltage is supplied from a power
supply section 118 via a power supply line 1181, and a
control signal 119 is supplied via a control line 119L. The
column signal processing circuits 114 to 117 read out signals
from the R and G1 pixels, that is, those having the different
colors during the single period. For this reason, when a signal
which appears on an arbitrary column signal line 123 has a
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large amplitude, it may influence signals which appear on
other column signal lines 123 via the power supply line 1181
and control line 119L.

[0027] The reason why mixture of colors occurs via a
power supply line will be described below with reference to
FIG. 2. In order to distinguish the two column signal lines
123, those which are connected to the column signal process-
ing circuits 114 and 115 will be referred to as column signal
lines 1234a and 1235 hereinafter. When a signal having a large
intensity is input to an amplifier circuit 305 of the column
signal processing circuit 114 via the column signal line 1234,
a potential of the power supply line 118L. may vary. At this
time, an amplifier circuit 306 of the column signal processing
circuit 115, to which a signal is input via the column signal
line 1235, is influenced by the potential variation on the
power supply line 118L. Therefore, a signal output from the
amplifier circuit 306 is influenced by the potential variation
on the power supply line 118L. That is, signals of a plurality
of'colors are read out by the column signal processing circuits
using the common power supply line during a single period,
thus causing mixture of colors. As a result, the resolution and
color reproducibility deteriorate. Note that the influence of
the variation of the power supply voltage of the power supply
line may appear between pixels of the same color, but an
image quality drop due to that variation is smaller than that
caused by mixture of colors between pixels of the different
colors.

[0028] The reason why mixture of colors occurs via a con-
trol line will be described below with reference to FIG. 3. A
case will be examined below wherein a signal having a large
intensity is input to the amplifier circuit 305 of the column
signal processing circuit 114 via the column signal line 123a.
In this case, the potential of the control line 1191 may vary
due to capacitive coupling between the column signal line
123a (or a signal line whose potential varies according to the
potential variation of the column signal line 123a) and the
control line 1191.. At this time, the column signal line 1235
(or the amplifier circuit 306 of the column signal processing
circuit 115 to which a signal is input via the column signal line
1235) is influenced by the potential variation of the control
line 119L.. Therefore, a signal output from the amplifier cir-
cuit 306 is influenced by the potential variation of the control
signal 119L.. That is, signals of a plurality of colors are read
out by the column signal processing circuits using the com-
mon control line during a single period, thus causing mixture
of colors. As a result, the resolution and color reproducibility
deteriorate.

[0029] To summarize the above description, signals of a
plurality of colors are read out by the column signal process-
ing circuits using a common conductive line (for example, the
power supply line or control line) during a single period, thus
causing mixture of colors.

[0030] By changing the arrangement of color filters, com-
binations of colors of pixels whose signals are to be read out
during a single period can be changed. For example, when
color filters of the same color are arranged on neighboring
pixels, the pixels to be read out during the single period can
have the same color. In this case, mixture of colors can be
reduced since the respective colors have different read peri-
ods. However, with the arrangement in which the color filters
of'the neighboring pixels have the same color, high resolution
cannot be obtained compared to a case in which they have
different colors.
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[0031] Uponoccurrence of mixture of colors, when a signal
intensity of a pixel of interest is large, a signal value of a pixel
which suffers that influence often becomes higher than a
correct signal value. However, depending on a transient
response state and read timing, that signal value often
becomes lower than the correct signal value.

[0032] Embodiments of the present invention will be
described hereinafter. FIG. 4 is a block diagram showing the
arrangement of a solid-state image sensor according to the
first embodiment of the present invention. The same reference
numerals in FIG. 4 denote the same parts as in FIG. 1. Note
that pixel sections 101 are arranged in 4 rowsx4 columns in a
pixel array 102 in FIG. 4. However, this arrangement is for the
purpose of descriptive convenience, and in general more pixel
sections 101 are arranged. In the embodiment shown in FIG.
4, at least column signal processing circuits which process
signals of pixels of different colors of a plurality of column
signal processing circuits are driven via separated conductive
lines. More specifically, at least the column signal processing
circuits which process signals of pixels of different colors of
the plurality of column signal processing circuits are supplied
with power supply voltages via separated conductive lines
(power supply lines), and are supplied with control signals of
the same logic level via separated conductive lines (control
lines). In this case, at least the column signal processing
circuits which process signals of pixels of the same color of
the plurality of column signal processing circuits may also be
supplied with power supply voltages via separated power
supply lines, and may also be supplied with control signals of
the same logic level via separated control lines.

[0033] A power supply line 519 as one conductive line
connected to a power supply section 112 is branched into
power supply lines 5194 and 5195 as conductive lines outside
a region where column signal processing circuits 506 to 509
as supply destinations (or driving targets) of a power supply
voltage are arranged. Therefore, the power supply line 519 is
separated into the power supply lines 5194 and 51956 within
the region where the column signal processing circuits 506 to
509 as the supply destinations of a power supply voltage are
arranged. A power supply line 520 as one conductive line
connected to a power supply section 118 is branched into
power supply lines 5204 and 5206 as conductive lines outside
a region where column signal processing circuits 510 to 513
as supply destinations (or driving targets) of a power supply
voltage are arranged. Hence, the power supply line 520 is
separated into the power supply lines 520a and 52056 within
the region where the column signal processing circuits 510 to
513 as the supply destinations of a power supply voltage are
arranged.

[0034] A control line 516 as one conductive line connected
to a timing control circuit 104 is branched into control lines
516a and 5165 as conductive lines outside a region where the
column signal processing circuits 506 to 509 as supply des-
tinations (or driving targets) of a control signal are arranged.
Hence, the control line 516 is separated into the control lines
516a and 5165 within the region where the column signal
processing circuits 506 to 509 as the supply destinations of a
control signal are arranged. A control line 517 as one conduc-
tive line connected to a timing control circuit 104 is branched
into control lines 517a and 5175 as conductive lines outside a
region where the column signal processing circuits 510to 513
as supply destinations (or driving targets) of a control signal
are arranged. Hence, the control line 517 is separated into the
control lines 517a and 5176 within the region where the
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column signal processing circuits 510 to 513 as the supply
destinations of a control signal are arranged. Note that the
power supply sections 112 and 118 may be interface circuits
(power supply circuits) such as voltage conversion circuits
which convert an externally supplied voltage, or may be a
power supply pad of the solid-state image sensor configured
as a chip. In this case, the power supply pad is an example of
a pad which is driven by the solid-state image sensor or an
external circuit of the chip (external power supply circuit).

[0035] Inthe first embodiment, the column signal process-
ing circuits 506 and 508 which process signals of G2 pixels
are supplied with a power supply voltage via the power supply
line 519a, and are supplied with column signal processing
pulses as an example of a control signal via the control line
516a. The column signal processing circuits 507 and 509
which process signals of B pixels are supplied with a power
supply voltage via the power supply line 5195, and are sup-
plied with column signal processing pulses as an example of
a control signal via the control line 5165. The column signal
processing circuits 510 and 512 which process signals of R
pixels are supplied with a power supply voltage via the power
supply line 520q, and are supplied with column signal pro-
cessing pulses as an example of a control signal via the
control line 5174. The column signal processing circuits 511
and 513 which process signals of G1 pixels are supplied with
a power supply voltage via the power supply line 5205, and
are supplied with column signal processing pulses as an
example of a control signal via the control line 5175. The
power supply lines 519a, 5195, 520qa, and 5206 are those
which are separated from each other, and the control lines
516a, 5165, 5174, and 5176 are those which are separated
from each other. In this case, the G1 and G2 pixels are those
of the same color. However, in the first embodiment, the
power supply line 5205 and control line 5175 connected to the
column signal processing circuits 511 and 513 which process
signals of the G1 pixels are different from the power supply
line 5194 and control line 516a connected to the column
signal processing circuits 506 and 508 which process signals
of'the G2 pixels.

[0036] In the embodiment shown in FIG. 4, at least the
signal processing circuits which process signals of pixels of
different colors of the plurality of signal processing circuits
are supplied with power supply voltages via the separated
power supply lines, and are supplied with control signals of
the same logic level via the separated control lines. However,
when at least the signal processing circuits which process
signals of pixels of different colors of the plurality of signal
processing circuits are supplied with only power supply volt-
ages via the separated power supply lines, the problem of
mixture of colors is reduced. Also, when at least the signal
processing circuits which process signals of pixels of differ-
ent colors of the plurality of signal processing circuits are
supplied with only control signals of the same logic level via
the separated control lines, the problem of mixture of colors is
reduced. Hence, the signal processing circuits which process
signals of pixels of different colors of the plurality of signal
processing circuits need only be supplied with power supply
voltages via the separated power supply lines. Alternatively,
the signal processing circuits which process signals of pixels
of different colors of the plurality of signal processing circuits
need only be supplied with control signals of the same logic
level via the separated control lines.

[0037] FIG. 5 is a block diagram showing the arrangement
of' a solid-state image sensor according to the second embodi-
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ment of the present invention. In the second embodiment,
signals of G1 and G2 pixels are read out by column signal
processing circuits 606 to 609 which are arranged in the same
direction when viewed from a pixel array 102. In this case as
well, the column signal processing circuits 606 to 609 which
read out signals of the G1 and G2 pixels may be driven via
conductive lines which are separated from each other. That is,
separated power supply lines and/or separated control lines
may be provided to the column signal processing circuits 606
to 609 which read out signals of the G1 and G2 pixels.
However, since the G1 and G2 pixels have the same color,
mutual influences between the G1 and G2 pixels are smaller
than mixture of colors between different colors.

[0038] FIG. 6 is a block diagram showing the arrangement
of a solid-state image sensor according to the third embodi-
ment of the present invention. In the third embodiment, all
column signal processing circuits 906 to 913 are arranged in
the same direction when viewed from a pixel array 102. In the
third embodiment as well, at least signal processing circuits
which process signals of pixels of different colors of a plu-
rality of signal processing circuits are driven via conductive
lines which are separated from each other. That is, in the third
embodiment as well, at least the signal processing circuits
which process signals of pixels of different colors of the
plurality of signal processing circuits are supplied with power
supply voltages via separated power supply lines, and are
supplied with control signals of the same logic level via
separated control lines. In this case, at least the signal pro-
cessing circuits which process signals of pixels of different
colors of the plurality of signal processing circuits need only
be supplied with power supply voltages via the separated
power supply lines. Alternatively, at least the signal process-
ing circuits which process signals of pixels of different colors
of the plurality of signal processing circuits need only be
supplied with control signals (column signal processing
pulses) of the same logic level via the separated control lines.

[0039] A power supply line 520 connected to a power sup-
ply section 118 is separated into power supply lines 520a to
520d outside a region where the column signal processing
circuits 906 to 913 as supply destinations of a power supply
voltage are arranged. A control line 517 connected to a timing
control circuit 104 is separated into control lines 517ato 5174
outside the region where the column signal processing cir-
cuits 906 to 913 as supply destinations of a control signal are
arranged.

[0040] When the arrangement positions of neighboring
column signal processing circuits are shifted in the column
direction as in the first and third embodiments, the arrange-
ment design of the column signal processing circuits is facili-
tated even when the arrangement pitch of the pixel sections
101 is reduced.

[0041] A chip layout of the solid-state image sensor of each
of the first to third embodiments will be exemplified below
with reference to FIG. 7. In the example shown in FIG. 7, the
power supply sections 112 and 118 are configured as a power
supply pad 70 of the solid-state image sensor configured as a
chip 700. The chip 700 may include other circuits (for
example, a memory and logic circuit) in addition to the solid-
state image sensor. The power supply line 519 is connected to
the power supply pad 70 via an interface circuit (power supply
circuit) such as a voltage conversion circuit or directly. The
power supply line 519 is branched (separated) into the power
supply lines 5194 and 5195 outside a region where a column
signal processing block 710 as a supply destination of a power
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supply voltage is arranged. The power supply line 520 con-
nected to the power supply pad 70 is branched (separated)
into the power supply lines 520a and 5205 outside a region
where a column signal processing block 720 as a supply
destination of a power supply voltage is arranged. In this case,
the power supply lines 519 and 520 may be connected to
different power supply pads via interface circuits (power
supply circuits) such as voltage conversion circuits or
directly.

[0042] The column signal processing block 710 is config-
ured by a plurality of column signal processing circuits (the
column signal processing circuits 506 to 509 in the first
embodiment). Also, the column signal processing block 710
includes first and second regions 710A and 710B. The first
region 710A is closer to the pixel array 102 than the second
region 710B. In other words, the first region 710A is arranged
between the pixel array 102 and second region 710B. In the
first region 710A, first column signal processing circuits
which read out signals of pixels of the same color (the column
signal processing circuits 506 and 508 in the first embodi-
ment) are arranged. In the second region 710B, second col-
umn signal processing circuits which read out signals of
pixels of the same color (the column signal processing cir-
cuits 507 and 509 in the first embodiment) are arranged. The
first column signal processing circuits arranged in the first
region 710A and the second column signal processing cir-
cuits arranged in the second region 710B read out signals of
pixels of different colors.

[0043] Likewise, the column signal processing block 720 is
configured by a plurality of column signal processing circuits
(the column signal processing circuits 510 to 513 in the first
embodiment). The column signal processing block 720
includes first and second regions 720A and 720B. The first
region 720A is closer to the pixel array 102 than the second
region 720B. In other words, the first region 720A is arranged
between the pixel array 102 and second region 720B. In the
first region 720A, first column signal processing circuits
which read out signals of pixels of the same color (the column
signal processing circuits 511 and 513 in the first embodi-
ment) are arranged. In the second region 720B, second col-
umn signal processing circuits which read out signals of
pixels of the same color (the column signal processing cir-
cuits 510 and 512 in the first embodiment) are arranged. The
first column signal processing circuits arranged in the first
region 720A and the second column signal processing cir-
cuits arranged in the second region 720B read out signals of
pixels of different colors.

[0044] The control line 516 connected to the timing control
circuit 104 is branched (separated) into the control lines 5164
and 5165 outside the region where the column signal process-
ing block 710 as a supply destination of a control signal is
arranged. The control line 517 connected to the timing control
circuit 104 is branched (separated) into the control lines 5174
and 5175 outside the region where the column signal process-
ing block 720 as a supply destination of a control signal is
arranged.

[0045] A modification of the solid-state image sensor
according to each of the first to third embodiments will be
described below with reference to FIG. 8. In this modifica-
tion, a circuit corresponding to the timing control circuit 104
is arranged as an external circuit outside the solid-state image
sensor configured as the chip 700. The chip 700 has input pads
810 and 820, and control signals are supplied from the exter-
nal circuit to the input pads 810 and 820. In this case, the input
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pad is an example of a pad which is driven by the solid-state
image sensor or an external circuit of the chip. The control
line 516 is connected to the input pad 810 via an interface
circuit such as an input circuit or directly. The control line 516
is branched (separated) into the control lines 5164 and 5165
outside the region where the column signal processing block
710 as the supply destination of a control signal is arranged.
The control line 517 is connected to the input pad 820 via an
interface circuit such as an input circuit or directly. The con-
trol line 517 is branched (separated) into the control lines
517a and 51756 outside the region where the column signal
processing block 720 as the supply destination of a control
signal is arranged.

[0046] The practical circuit arrangement and operation of
the solid-state image sensor according to each of the first to
third embodiments will be described below with reference to
FIGS. 9 and 10. A column signal processing circuit 220
corresponds to the column signal processing circuits 506 to
509 and the like (the first embodiment). A column signal line
230 corresponds to the column signal lines 122 and 123. A
switch section 240 corresponds to the switches 151 and 152.
An output amplifier 250 corresponds to the output amplifiers
141 to 144.

[0047] The pixel section 101 includes, for example, a pho-
toelectric conversion element 201, transfer transistor 202,
floating diffusion (to be abbreviated as FD hereinafter) 217,
reset transistor 204, source-follower transistor 203, and
selecting transistor 205. The photoelectric conversion ele-
ment 201 can be, for example, a photodiode. The transfer
transistor 202 transfers a charge generated by photoelectric
conversion in the photoelectric conversion element 201 to the
FD 217 when a transfer pulse PTX goes to active level. The
FD 217 converts the charge into a potential. The reset tran-
sistor 204 resets the potential of the FD 217 when a reset pulse
PRES goes to active level. The source-follower transistor 203
amplifies the potential of the FD 217. The selecting transistor
205 sets the pixel section 101 including that selecting tran-
sistor 205 in a selected state when a selecting pulse PSEL
goes to active level. In the selected state, a signal of the pixel
section 101 is output onto the column signal line 230.
[0048] The column signal line 230 is connected to a current
source 210 which configures a source-follower circuit
together with the source-follower transistor 203, and a clamp
capacitor 206 of the column signal processing circuit 220.
The column signal processing circuit 220 is a circuit which
processes a signal output from the pixel section 101 via the
column signal line 230 and, more specifically, a circuit which
reads out a signal from the pixel section 101 via the column
signal line 230. The column signal processing circuit 220
includes a column amplifier circuit configured by the clamp
capacitor 206, a differential amplifier 207, feedback capacitor
208, and switch 219. The differential amplifier 207 is sup-
plied with a power supply voltage via a power supply line (for
example, one ofthe aforementioned power supply lines 5194,
5195, 520a, and 5205).

[0049] An output terminal 209 and one input terminal of the
differential amplifier 207 are connected via the switch 219.
The other input terminal of the differential amplifier 207 is
connected to a reference voltage VCOR. The output terminal
209 of the differential amplifier 207 (column amplifier cir-
cuit) is connected to holding capacitors 213 and 214 via
switches 211 and 212. A gate electrode of a constant current
transistor 218 which controls a consumption current of the
differential amplifier 207 is connected to a current control
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section 260. When a column selecting pulse PH driven by the
column selecting circuits 106 and 107 goes to active level,
signals held by the holding capacitors 213 and 214 are sup-
plied to the output amplifier 250 via switches 215 and 216,
which are enabled by the active column selecting pulse PH,
and are differentially amplified. Control signals supplied to
the column signal processing circuit via the aforementioned
control lines 516 and 517 can be, for example, pulse signals
such as a clamp pulse PCOR, PTN pulse, and PTS pulse
which respectively control the switches 219, 211, and 212.
[0050] InFIG.10,at T=t1, theselecting pulse PSEL goes to
high level (active level), and the source-follower transistor
203 is set in an active state. In this state, the reset pulse PRES
is at high level (active level), and the FD 217 is reset to a reset
voltage by the reset transistor 204. At T=t2, the clamp pulse
PCOR goes to high level, and the differential amplifier 207 is
set in a buffer state, that is, a state in which it outputs the
reference voltage VCOR.

[0051] At T=t3, since the reset pulse PRES goes to low
level, the reset transistor 204 is disabled. In this state, the
potential of the column signal line 230 is a reference potential
VN corresponding to the potential of the reset FD 217. At
T=t4, the clamp pulse PCOR goes to low level, and the ref-
erence potential VN on the column signal line 230 is clamped.
At T=t5 and 16, since the PTN pulse goes to high level to
enable the switch 211, a sum of the reference voltage VCOR
and an offset voltage of the differential amplifier 207 is writ-
ten in the holding capacitor 213.

[0052] At T=t7 and t8, the transfer pulse PTX goes to high
level (active level) to enable the transfer transistor 202, and a
charge accumulated on the photoelectric conversion element
201 is transferred to the FD 217. Then, the potential of the
column signal line 230 changes to a voltage VS according to
the charge transferred to the FD 217. At T=t9 and t10, the PTS
pulse goes to high level to enable the switch 212, and an
output voltage of the column amplifier circuit including the
differential amplifier 207 is written in the holding capacitor
214. In this case, when a signal charge of the pixel section 101
is given by electrons, VS<VN. The output voltage of the
column amplifier circuit amounts to a sum of a voltage which
is obtained by inversely amplifying a voltage change amount
(VS-VN) by a gain determined by CO0/Cf, and a voltage
which is obtained by adding the offset voltage of the differ-
ential amplifier 207 to the reference voltage VCOR. Note that
CO is the capacitance of the clamp capacitor 206, and Cf is
that of the feedback capacitor 208.

[0053] At T=t11, when the reset pulse PRES goes to high
level and the selecting pulse goes to low level, the FD 217 is
reset by the reset transistor 204, and the pixel selection 101 is
set in an unselected state.

[0054] After that, at T=t12, the signals held in the holding
capacitors 213 and 214 are supplied to the output amplifier
250 via the switches 215 and 216 of the switch section 240
according to the column selecting pulse driven by the column
selecting circuits 106 and 107, and are differentially ampli-
fied.

[0055] The present invention has the advantage of reducing
mixture of colors irrespective of a conductivity type of a
semiconductor substrate or those of wells, and can obtain
more conspicuous effects by devising the arrangement of
circuit elements and the sectional structure. FIG. 11 is a
sectional view illustrating an example of the sectional struc-
ture taken along A-A' in FIG. 7. In the example shown in F1G.
11, P-wells 1005, 1006, 1007, and 1008 are arranged in an
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N-type semiconductor substrate 1011. The pixel array 102 is
arranged in the P-well 1005. In the P-well (first P-well) 1006,
MOS transistors of the column signal processing circuits in
the first region 720A are formed, and the P-well 1006 is
grounded via a ground line 1003. In the P-well (second
P-well) 1007, MOS transistors of the column signal process-
ing circuits in the second region 720B are formed, and the
P-well 1007 is grounded via a ground line 1004. The P-wells
1006 and 1007 are isolated from each other. In the P-well
1008, the column selecting circuit 106 is arranged. The col-
umn signal processing circuits in the first region 720A are
supplied with a power supply voltage via the power supply
line 5205. The power supply line 5205 is arranged on an
N*-region 1009 arranged between the P-wells 1005 and 1006,
and is connected to the N*-region 1009. The column signal
processing circuits in the second region 720B are supplied
with a power supply voltage via the power supply line 520a.
The power supply line 520a is arranged on an N*-region 1010
arranged between the P-wells 1006 and 1007, and is con-
nected to the N*-region 1010.

[0056] Asexemplified in FIG. 11, upon adopting a structure
in which the P-wells 1006 and 1007 where the column signal
processing circuits that process signals of pixels of different
colors are formed are isolated, electron mobility between the
P-wells 1006 and 1007 is suppressed by the N-type semicon-
ductor substrate 1011. This is advantageous in reduction of
mixture of colors. Furthermore, the N*-regions 1009 and
1010 and the power supply lines 5205 and 520a, which are
arranged between the P-wells 1005, 1006, and 1007, have an
effect of ejecting neighboring electrons outside the N-type
semiconductor substrate 1011. They are also advantageous in
reduction of mixture of colors.

[0057] FIG. 12 is a sectional view illustrating another
example of the sectional structure taken along A-A' in FIG. 7.
The example shown in FIG. 12 adopts a so-called “triple-well
structure”. P-wells 1105, 1106, 1107, and 1108 are arranged
in the N-type semiconductor substrate 1011. In the P-well
1105, the pixel array 102 is arranged. In the P-well (first
P-well) 1106, the MOS transistors of the column signal pro-
cessing circuits in the first region 720A are formed. In the
P-well (second P-well) 1107, the MOS transistors of the
column signal processing circuits in the second region 720B
are formed. In the P-well 1108, the column selecting circuit
106 is arranged. The P-wells 1106 and 1107 are isolated from
each other.

[0058] Inthe P-well 1106, a P*-region 1113, which is con-
nected to a ground line 1103, is arranged, and the P-well 1106
is grounded by this region. An N-well 1109 is further
arranged in the P-well 1106, and an N*-region 1111, which is
connected to the power supply line 5205, is arranged in the
N-well 1109. In the P-well 1107, a P*-region 1114, which is
connected to a ground line 1104, is arranged, and the P-well
1107 is grounded by this region. An N-well 1110 is further
arranged in the P-well 1107, and an N*-region 1112, which is
connected to the power supply line 5204, is arranged in the
N-well 1110.

[0059] According to the structure exemplified in FIG. 12,
electrons generated in the P-wells 1106 and 1107 are more
likely to be ejected outside the N-type semiconductor sub-
strate 1101 via the power supply lines 5205 and 520a. There-
fore, the possibility of occurrence of mixture of colors
between the P-wells 1106 and 1107 is more reduced.

[0060] When the present invention is applied to a CMOS
image sensor, the same effects can be obtained not only for an
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obverse surface incidence type image sensor, which is popu-
larly used, but also for a reverse surface incidence type image
sensor. In the reverse surface irradiation type, since a semi-
conductor substrate is generally as thin as several microns,
generated electrons are not diffused in a deep region of the
substrate, but they float near the surface, thus readily causing
mixture of colors. Therefore, a reduction of the mixture of
colors can be obtained more notably.

[0061] As an application example of the solid-state image
sensor according to each ofthe above embodiments, a camera
which incorporates the solid-state image sensor will be exem-
plified below. The concept of a camera includes not only an
apparatus which mainly aims at image capturing but also an
apparatus which accessorily includes an image capturing
function (for example, a personal computer and mobile
phone). The camera includes the solid-state image sensor
according to the present invention exemplified as the afore-
mentioned embodiments, and a processing section which
processes signals output from the solid-state image sensor.
The processing section can include, for example, an A/D
converter, and a processor which processes digital data output
from the A/D converter.

[0062] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
[0063] This application claims the benefit of Japanese
Patent Application No. 2010-108678, filed May 10, 2010,
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. A solid-state image sensor comprising a pixel array in
which a plurality of pixels are two-dimensionally arranged,
and a plurality of column signal processing circuits which
read out signals from the pixel array via a plurality of column
signal lines arranged in correspondence with respective col-
umns of the pixel array,

wherein signals of the pixels of different colors in the pixel

array are read out by the plurality of column signal
processing circuits during a single period, and

wherein at least the column signal processing circuits

which process signals of the pixels of different colors, of
the plurality of column signal processing circuits, are
driven via conductive lines which are separated from
each other in a region where at least the column signal
processing circuits which process signals of the pixels of
different colors are arranged.

2. The sensor according to claim 1, wherein power supply
voltages are supplied via the conductive lines which are sepa-
rated from each other.

3. The sensor according to claim 1, wherein control signals
having the same logic level are supplied via the conductive
lines which are separated from each other.

4. The sensor according to claim 1, wherein the conductive
lines which are separated from each other are connected to a
pad, which is driven by an external apparatus of the solid-state
image sensor, via an interface circuit or directly.

5. The sensor according to claim 1, wherein one conductive
line is branched into the conductive lines which are separated
from each other outside the region where at least the column
signal processing circuits which process signals of the pixels
of different colors are arranged.
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6. The sensor according to claim 5, wherein the one con-
ductive line is connected to a pad, which is driven by an
external apparatus of the solid-state image sensor, via an
interface circuit or directly.

7. The sensor according to claim 1, wherein the plurality of
column signal processing circuits include a first column sig-
nal processing circuit which is arranged in a first P-well of an
N-type semiconductor substrate, and a second column signal
processing circuit which is arranged in a second P-well of the
N-type semiconductor substrate, the first P-well and the sec-
ond P-well are separated from each other, and the first column
signal processing circuit and the second column signal pro-
cessing circuit process signals of the pixels of different colors.

8. The sensor according to claim 1, wherein the plurality of
column signal processing circuits include a first column sig-
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nal processing circuit which is arranged in a first P-well of an
N-type semiconductor substrate, and a second column signal
processing circuit which is arranged in a second P-well of the
N-type semiconductor substrate, the first P-well and the sec-
ond P-well are separated from each other, an N-well is
arranged in the first P-well, an N-well is arranged in the
second P-Well, and the first column signal processing circuit
and the second column signal processing circuit process sig-
nals of the pixels of different colors.

9. A camera comprising:

a solid-state image sensor according to claim 1, and

a processing section which processes signals output from

the solid-state image sensor.
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