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(57) A solid-state image pickup device which is con-
figured not to require transfer of signal charges between
pixels performs TDI. An output control section 5 sequen-
tially assigns a pixel signal output processing period to
each pixel array group 10 in the order of the vertical di-
rection at an interval of one horizontal processing period
H obtained by dividing one frame period T into three. The
one frame period T is a period when each pixel array 100
is moved in the vertical direction. An adder 50 sums up
a pixel signal held in a signal holding portion 41_X, and
a pixel signals held in a signal holding portion 41_R,
41_G, 41_B corresponding to the pixel signal under the
control of the output control section 5, and outputs the
summation result to an A/D converter 60.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a driving technology for a solid-state image pickup device.

BACKGROUND ART

[0002] As a solid-state image pickup device loaded in an image pickup apparatus such as a copying machine, and
having pixel arrays, each of which is composed of an array of pixels, there have been known a CCD solid-state image
pickup device and a CMOS solid-state image pickup device.
[0003] A CMOS solid-state image pickup device is manufactured on the basis of a CMOS LSI manufacturing process.
Accordingly, the CMOS solid-state image pickup device has superior features, as compared with a CCD solid-state
image pickup device, specifically, the feature i) it is possible to design a system-on-chip capable of e.g. performing an
image processing function, and the feature ii) it is easy to perform high-speed processing. Thus, in recent years, the
CMOS solid-state image pickup device has been widely spread.
[0004] In recent years, there is a demand for reducing the pixel size in a solid-state image pickup device, as the
demands for high-resolution, miniaturization, and low-cost production have increased. In the case where the pixel size
is simply reduced, the size of a photoelectric conversion section decreases and the incident light amount decreases,
which may lower the sensitivity and degrade the S/N ratio.
[0005] As a technology capable of compensating for sensitivity lowering resulting from a reduction in the pixel size,
there has been proposed a solid-state image pickup device employing TDI (Time Delay Integration).
[0006] For instance, patent literature I discloses a technology, wherein TDI is performed with use of a CCD solid-state
image pickup device configured in such a manner that pixel arrays and transfer electrodes are alternately arranged in
a moving direction (sub-scanning direction). Specifically, a signal charge generated in the first pixel (1, 1) at the first
pixel array is transferred to the first pixel (1, 2) at the second pixel array by the first transfer electrode array. Then, the
signal charge is transferred to the pixel (1, 3) after summation of the signal charges of the pixel (1, 1) and the pixel (1,
2). Then, the signal charge is transferred to the pixel (1, 4) after summation of the signal charges of the pixel (1, 1) and
the pixel (1, 3). Thus, the signal charge generated in the pixel (1, 1) is sequentially transferred while undergoing integration
with the signal charges of the pixel (1, 4), the pixel (1, 5), ..., and the pixel (1, n).
[0007] In this configuration, the transfer rate of signal charges between pixel arrays is synchronized with the moving
speed of pixel arrays. Accordingly, it is possible to expose each of the pixel arrays at the same subject position. Thus,
"n" pixel arrays are sequentially exposed at the same subject position, and signal charges of "n" pixel arrays are integrated,
whereby TDI is performed.
[0008] Specifically, a photoelectric conversion section of each of the pixels is emptied by completely transferring a
signal charge accumulated during an exposure period to a pixel in a next pixel array for time delay integration. Thus,
the image pickup device is brought to an exposure start state for a next frame.
[0009] As described above, the CCD solid-state image pickup device can easily perform TDI because the CCD sol-
id-state image pickup device can transfer signal charges between pixels.
[0010] However, since a CMOS solid-state image pickup element is designed to be driven at a low voltage on the
basis of a CMOS LSI manufacturing process, it is difficult to transfer signal charges between pixels.

CITATION LIST

PATENT LITERATURE

[0011] Patent Literature 1: JP Hei 8-18867A

SUMMARY OF INVENTION

[0012] An object of the invention is to provide an arrangement of performing TDI in a solid-state image pickup device
which is configured not to require transfer of signal charges between pixels.
[0013] A solid-state image pickup device according to an aspect of the invention is a solid-state image pickup device
includes a pixel unit which is movable relative to a subject in a vertical direction at a predetermined moving speed. The
pixel unit includes M (where M is an integer of one or larger) pixel array group(s) arranged in the vertical direction, each
pixel array group being constituted of N (where N is an integer of two or larger) pixel arrays, and each of the pixel arrays
being constituted of pixels aligned in a horizontal direction orthogonal to the vertical direction; readout sections which
are provided in correspondence to columns of the pixel unit arranged in the horizontal direction, each of the readout
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sections being provided in common for each of the columns to read out pixel signals outputted from each pixel array;
and an output control section which selects each one of the pixel array groups in a predetermined order, selects each
one of the pixel arrays in the selected pixel array group in a predetermined order, causes the readout sections to read
out, as pixel signals of a current frame, pixel signals of one frame obtained by exposing the last pixel array in the selected
pixel array group, and causes the readout sections to read out, as pixel signals of a previous frame, pixel signals of one
frame obtained by exposing the pixel arrays in the forward of the last pixel array with respect to the moving direction of
the pixel unit in the selected pixel array group. Each of the readout sections includes: a signal holding portion which
holds a pixel signal of the previous frame; and an adder which sums up the pixel signal of the current frame, and the
pixel signal of the previous frame which is in the same pixel array group and is for the same subject position as the
current frame among the respective pixel signals of the previous frames held in the signal holding portion.
[0014] An image pickup apparatus according to another aspect of the invention includes the solid-state image pickup
device, and a control section which controls the solid-state image pickup devise.
[0015] A driving method according to yet another aspect of the invention is a driving method for a solid-state image
pickup device provided with a pixel unit which is movable relative to a subject in a vertical direction at a predetermined
moving speed, the pixel unit including M (where M is an integer of one or larger) pixel array group(s) arranged in the
vertical direction, each pixel array group being constituted of N (where N is an integer of two or larger) pixel arrays, and
each of the pixel arrays being constituted of pixels aligned in a horizontal direction orthogonal to the vertical direction,
readout sections which are provided in correspondence to columns of the pixel unit arranged in the horizontal direction,
each of the readout sections being provided in common for each of the columns to read out pixel signals from each pixel
array, and an output control section which selects each one of the pixel array groups in a predetermined order, selects
each one of the pixel arrays in the selected pixel array group in a predetermined order, causes the readout sections to
read out, as pixel signals of a current frame, pixel signals to be outputted from the last pixel array in the selected pixel
array group, and causes the readout sections to read out, as pixel signals of a previous frame, pixel signals in the pixel
arrays in the forward of the last pixel array with respect to the moving direction of the pixel unit in the selected pixel array
group, each of the readout sections including a signal holding portion and an adder. The method includes a step of
holding a pixel signal of the previous frame in the signal holding portion; and a step of summing up, by the adder, the
pixel signal of the current frame, and the pixel signal of the previous frame which is in the same pixel array group and
is for the same subject position as the current frame among the respective pixel signals of the previous frames held in
the signal holding portion.

BRIEF DESCRIPTION OF DRAWINGS

[0016]

FIG. 1 is an overall configuration diagram of an image pickup device embodying the invention;
FIG. 2 is a diagram showing a detailed configuration of a pixel unit shown in FIG. 1;
FIG. 3 is a circuit diagram of a photoelectric conversion section and a pixel circuit constituting one pixel GE;
FIG. 4 at sections (A) and (B) is a timing chart showing an operation to be performed by the image pickup device
in the embodiment;
FIG. 5 is a timing chart of the pixel circuit shown in FIG. 3;
FIG. 6 is a circuit diagram of a signal holding portion;
FIG. 7 is a diagram for explaining an exposure period of each pixel array;
FIG. 8 at sections (A) and (B) is a diagram showing an exposure period of each pixel array which is movable in a
vertical direction;
FIG. 9 is a diagram showing an arrangement example of pixel arrays;
FIG. 10 is a circuit diagram of a pair of pixels which are arranged symmetrically to each other with respect to a
boundary;
FIG. 11 at sections (A) and (B) is a diagram showing an exposure period of each pixel array, in the case where
exposure start positions of two pixel arrays constituting each pixel array group are aligned with each other in reading
out a pixel signal in the order of R, G, and B;
FIG. 12 at sections (A) and (B) is a diagram showing an exposure period of each pixel array, in the case where
exposure start positions of two pixel arrays constituting each pixel array groups are aligned with each other in reading
out a pixel signal in the order of B, G and R;
FIG. 13 is a diagram showing a modification of the arrangement example of pixel arrays shown in FIG. 9;
FIG. 14 is a circuit diagram for the arrangement example shown in FIG. 13;
FIG. 15 is a timing chart of the circuit shown in FIG. 14;
FIG. 16 is a diagram showing an arrangement example, in the case where the readout unit shown in FIG. 1 is divided
into two sub read-out units;
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FIG. 17 is a configuration diagram of an image pickup device, in which a modification of the readout section shown
in FIG. 1 is applied; and
FIG. 18 is a diagram for explaining the number of signal holding portions necessary for one pixel array group, in the
case where N=3.

DESCRIPTION OF EMBODIMENTS

[0017] In the following, an image pickup device embodying the invention is described referring to the accompanying
drawings. FIG. 1 is an overall configuration diagram of the image pickup device in the embodiment. As shown in FIG.
1, the image pickup device is provided with a pixel unit 1, a readout unit 2, a vertical scanning circuit 3, a horizontal
scanning circuit 4, an output control section 5, a vertical moving section 6, a buffer 7, an image memory 8, and a control
section 9.
[0018] Referring to FIG. 1, a configuration except for the vertical moving section 6, the buffer 7, the image memory 8,
and the control section 9, in other words, the pixel unit 1, the readout unit 2, the vertical scanning circuit 3, the horizontal
scanning circuit 4, and the output control section 5 constitute a solid-state image pickup device.
[0019] The pixel unit 1 is movable relative to a subject in a vertical direction at a predetermined moving speed under
the control of the vertical moving section 6. In this embodiment, the pixel unit I exposes a subject in a stationary state
by moving in a vertical direction. This is merely an example. Alternatively, a subject may be moved in a vertical direction,
and the subject is exposed by the pixel unit 1 in a stationary state.
[0020] The pixel unit 1 is provided with three pixel array groups 10_R, 10_G, and 10_B, which are arranged in a vertical
direction orthogonal to a horizontal direction. In the case where the pixel array groups 10_R through 10_B are not
discriminated from each other, the pixel array groups are described as pixel array groups 10. The pixel array groups
10_R, 10_G, and 10_B are respectively provided with pixel arrays 11_R and 12_R; pixel arrays 11_G and 12_G, and
pixel arrays 11_B and 12_B. Thus, each of the pixel array groups is constituted of two pixel arrays in a vertical direction.
In other words, in this embodiment, the pixel unit 1 is constituted of six pixel arrays 11_R through 12_B. In this example,
in the case where the pixel arrays 11_R through 12_B are not discriminated from each other, the pixel arrays are
described as pixel arrays 100. Each of the pixel arrays 100 is configured in such a manner that a number of pixels GE
are aligned in a horizontal direction.
[0021] The pixel array groups 10_R, 10_G, and 10_B respectively correspond to red (R), green (G), and blue (B).
Specifically, the pixel arrays 11_R and 12_R are respectively constituted of R pixels GE_R1 and R pixels GE_R2; the
pixel arrays 11_G and 12_G are respectively constituted of G pixels GE_G1 and G pixels GE_G2; and the pixel arrays
11_B and 12_B are respectively constituted of B pixels GE_B1 and B pixels GE_B2.
[0022] In other words, in this embodiment, by composing each of the pixel array groups 10 of two pixel arrays 100, it
is possible to perform TDI (Time Delay Integration) for two pixel arrays with respect to each of R, G, and B. R, G, and
B color filters are provided for R, G, and B pixels GE, respectively. R, G, and B light are received by receiving light
through these color filters.
[0023] In FIG. 1, three pixel array pairs are provided as the pixel array groups 10. This is merely an example. Alter-
natively, M (where M is an integer of one or larger) pixel array(s) may be provided as the pixel array groups. Further, in
FIG. 1, two pixel arrays are provided as one pixel array group 10. This is merely an example. Alternatively, N (where N
is an integer of two or larger) pixel arrays may be provided as one pixel array group.
[0024] FIG. 2 is a diagram showing a detailed configuration of the pixel unit 1 shown in FIG. 1. As shown in FIG. 2,
the pixel arrays 100 are arranged to be adjacent to each other in a vertical direction via an interval region 13. The interval
region 13 has a strip-like shape, with a length Ld in a vertical direction, and a length in a horizontal direction which is
equal to the length of each pixel array 100 in the horizontal direction. In other words, the pixel array 12_R and the pixel
array 11_G are disposed away from each other with an interval of Ld in a vertical direction, and the pixel array 12_G
and the pixel array 11_B are disposed away from each other with an interval of Ld in a vertical direction.
[0025] Regarding one pixel array group 10, the arrangement interval between the pixel arrays 100 is set to Ps in a
vertical direction. Further, the arrangement interval between the three pixel array groups 10_R, 10_B, and 10_B is set
to Pd in a vertical direction.
[0026] FIG. 3 is a circuit diagram of a photoelectric conversion section PD and a pixel circuit GC constituting one pixel
GE. The pixel circuit GC is constituted of a CMOS pixel circuit, and includes a transfer transistor TQ, a reset transistor
RQ, an amplification transistor GQ, and a row selection transistor SQ.
[0027] The photoelectric conversion section PD receives light from a subject, and accumulates a signal charge in
accordance with a received light amount. In this example, an anode of the photoelectric conversion section PD is
grounded, and a cathode thereof is connected to one end of the transfer transistor TQ.
[0028] The transfer transistor TQ is turned on and off by a signal φTX to be inputted to a gate thereof. In the case
where the transfer transistor TQ is turned on, the transfer transistor TQ transfers a signal charge accumulated in the
photoelectric conversion section PD to a floating diffusion (hereinafter, called as "FD"). The signal φTX is outputted e.g.
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from the vertical scanning circuit 3 via a corresponding row selection signal line L1.
[0029] The FD accumulates a signal charge transferred from the photoelectric conversion section PD, converts into
a voltage signal of a level in accordance with the magnitude of the accumulated signal charge, and outputs the voltage
signal as a pixel signal.
[0030] A drive voltage VRD is inputted to one end of the reset transistor RQ. The reset transistor RQ resets the FD
by turning on and off in response to a signal φRX to be inputted to a gate thereof. The drive voltage VRD is outputted
from an unillustrated voltage source, and the signal φRX is outputted from e.g. the vertical scanning circuit 3 via the
corresponding row selection signal line L1.
[0031] A drive voltage VDD is inputted to one end of the amplification transistor GQ. The amplification transistor GQ
amplifies a pixel signal to be outputted from the FD, and outputs the amplified signal to the row selection transistor SQ.
The drive voltage VDD is outputted from e.g. an unillustrated voltage source.
[0032] The row selection transistor SQ is turned on and off by a row selection signal φSX to be inputted to a gate
thereof. In the case where the row selection transistor SQ is turned on, the row selection transistor SQ outputs a pixel
signal outputted from the amplification transistor GQ to a readout section 20 via a corresponding vertical signal line L2.
The signal φSX is outputted e.g. from the vertical scanning circuit 3 via the corresponding row selection signal line L1.
[0033] Referring back to FIG. 1, the vertical scanning circuit 3 is connected to each pixel array 100 via the corresponding
row selection signal line L1. The vertical scanning circuit 3 cyclically outputs a row selection signal for selecting each
one of the pixel arrays 100 downwardly or upwardly in a vertical direction in accordance with a clock signal CLK to be
outputted from the output control section 5, thereby scanning the pixel unit 1 in a vertical direction.
[0034] In this embodiment, the vertical scanning circuit 3 is constituted of a shift register which is operated in accordance
with e.g. a clock signal CLK. Constituting the vertical scanning circuit 3 of a shift register is advantageous in cyclically
selecting each one of the pixel arrays 100 with a simplified configuration.
[0035] There are provided a plurality of vertical signal lines L2 in correspondence to the number of pixels in the pixel
arrays in a horizontal direction in the pixel unit 1. Further, each of the vertical signal lines L2 is connected to a corresponding
column of six pixels GE in the pixel arrays.
[0036] The readout unit 2 is provided with a plurality of readout sections 20 in correspondence to the number of pixels
in the pixel arrays in a horizontal direction in the pixel unit 1. Each of the readout sections 20 sequentially reads out pixel
signals from the corresponding column of six pixels GE in the pixel arrays via the corresponding vertical signal line L2.
The details of the readout section 20 will be described later.
[0037] As shown in FIG. 4, the output control section 5 selects each one of the pixel array groups 10 by sequentially
assigning an output processing period of a pixel signal to be outputted from each of the pixel array groups 10 in the
order of the vertical direction at an interval of a horizontal processing period H. The horizontal processing period H is
obtained by dividing a frame period T into three. The frame period T is a period when each of the pixel arrays 100 is
moved in a vertical direction by a predetermined distance. In this embodiment, the output control section 5 assigns the
output processing period in the order of the pixel array groups 10_R, 10_G, and 10_B, in other words, in the order of R,
G, B at an interval of the horizontal processing period H. The details of the processing to be performed by the output
control section 5 will be described later.
[0038] Referring back to FIG. 1, each of the readout sections 20 is provided with an amplifier 30, a signal holding
portion group 40, an adder 50, an A/D converter 60, and a latch section 70. The amplifier 30 is connected between the
pixel unit 1 and the corresponding signal holding portion group 40. The amplifier 30 performs correlation double sampling
with respect to a pixel signal to be outputted from each of the pixels GE, extracts only an image component by removing
a noise component included in the pixel signal, amplifies the extracted image component with a predetermined gain,
and outputs the amplified signal to the corresponding signal holding portion group 40.
[0039] In this embodiment, during a one-time pixel signal output operation, the pixel GE outputs a pixel signal including
only a noise component at a first phase, and outputs a pixel signal including a noise component and an image component
at a second phase. Accordingly, the amplifier 30 performs correlation double sampling of extracting a pixel signal including
only an image component by subtracting, from the pixel signal including the noise component and the image component
that has been outputted at the second phase, the pixel signal including only the noise component that has been outputted
at the first phase.
[0040] The signal holding portion group 40 is provided with four signal holding portions 41_X, 41_R, 41_G, and 41_B.
In the case where the signal holding portions 41_X, 41_R, 41_G, and 41_B are not discriminated from each other, the
signal holding portions are described as signal holding portions 41. Each of the signal holding portions 41 is constituted
of e.g. an analog memory composed of a sampling and holding circuit.
[0041] FIG. 6 is a circuit diagram of a signal holding portion 41. The signal holding portion 41 is constituted of a pair
of switches SW1 and SW2, and a capacitor C1. The switches SW1 and SW2 are provided on a vertical signal line L2.
The switch SW1 is provided upstream of the switch SW2 with respect to the pixel signal transmitting direction. One end
of the capacitor C1 is connected to a connection point between the switches SW1 and SW2, and the other end thereof
is grounded.
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[0042] The switch SW1, SW2 is constituted of e.g. a transistor, and is turned on and off in response to a control signal
to be outputted from the output control section 5. In the case where the switch SW is turned on and the switch SW2 is
turned off, the signal holding portion 41 accumulates a pixel signal transmitted through the vertical signal line L2 into
the capacitor C1. By performing the above operation, an analog pixel signal is held.
[0043] On the other hand, in the case where the switch SW is turned off and the switch SW2 is turned on, the signal
holding portion 41 outputs a pixel signal accumulated in the capacitor C1 to the adder 50. Further, in the case where
the switch SW1 is turned on and the switch SW2 is turned on, the signal holding portion 41 allows a pixel signal transmitted
through the vertical signal line L2 to pass therethrough.
[0044] The signal holding portion 41 shown in FIG. 6 is merely an example. Alternatively, any circuit configuration may
be employed, as far as the circuit is operable to hold an analog pixel signal.
[0045] Referring back to FIG. 1, the signal holding portion 41_X sequentially holds a pixel signal of a current frame,
which is outputted from the pixel array 12_R, 12_G, 12_B. In this example, pixel signals of a current frame indicate pixel
signals corresponding to one frame, which are obtained by exposing the last pixel array i.e. the pixel array 12_R, 12_G,
12_B in the pixel array group 10 to which an output processing period is assigned.
[0046] The signal holding portion 41_R holds a pixel signal of a previous frame, which is outputted from the pixel array
11_R. The signal holding portion 41_G holds a pixel signal of a previous frame, which is outputted from the pixel array
11_G. The signal holding portion 41_B holds a pixel signal of a previous frame, which is outputted from the pixel array
11_B. This is merely an example. Alternatively, each of the signal holding portions 41 may hold a pixel signal to be
outputted from pixel arrays different from each other. In this example, pixel signals of a previous frame indicates pixel
signals corresponding to one frame, which are obtained by exposing the pixel array 11_R, 11_G, 11_B in the forward
of the last pixel array i.e. the pixel array 12_R, 12_G, 12_B with respect to the moving direction of the pixel unit 1 in the
pixel array group 10 to which an output processing period is assigned.
[0047] The adder 50 is constituted of e.g. an analog adder circuit. The adder 50 sums up a pixel signal held in the
signal holding portion 41_X, and a pixel signal which is in the same position as the aforementioned pixel signal and
which is held in the signal holding portion 41_R, 41_G, 41_B; and outputs the summation result to the A/D converter 60.
[0048] The A/D converter 60 is constituted of e.g. an integration A/D converter or a successive approximation A/D
converter. The A/D converter 60 converts a pixel signal outputted from the adder 50 into a digital pixel signal of a
predetermined bit number (e.g. 14 bits). In the following, a digital pixel signal is described as pixel data.
[0049] The latch section 70 holds the pixel data outputted from the A/D converter 60. In response to designation of a
certain latch section 70 by the horizontal scanning circuit 4, the designated latch section 70 outputs the pixel data held
therein to the image memory 8 via the buffer 7.
[0050] The horizontal scanning circuit 4 is constituted of e.g. a shift register. The horizontal scanning circuit 4 cyclically
outputs, to each of the readout section 20, a column selection signal for sequentially selecting the pixels in the pixel
arrays in a horizontal direction in the pixel unit 1 rightwardly in accordance with a clock signal CLK to be outputted from
the output control section 5; and causes the latch section 70 in the selected readout section 20 to output the pixel data.
Alternatively, the horizontal scanning circuit 4 may sequentially select each one of the readout sections 20 leftwardly.
[0051] In the case where the voltage of pixel data to be outputted from the latch section 70 is equal to or higher than
a predetermined threshold value, the buffer 7 increases the level of the voltage to a predetermined level; and in the case
where the voltage of pixel data is lower than the predetermined threshold value, the buffer 7 sets the voltage level to
zero. By performing the above operation, it is possible to clearly set the bit value of each bit constituting one pixel data
to Hi or Lo.
[0052] The image memory 8 is constituted of e.g. an RAM having a storage capacity capable of storing pixel data
corresponding to plural frames.
[0053] The control section 9 is constituted of a computer provided with e.g. a CPU, an ROM, an RAM; and controls
overall operations of the image pickup device. The vertical moving section 6 is constituted of a moving mechanism for
moving the pixel unit 1 in a vertical direction by a predetermined distance, and a motor for giving a driving force to the
moving mechanism. With this arrangement, the pixel unit 1 is movable relative to a subject for exposing the subject. In
the case where a configuration of moving a subject relative to the pixel unit 1 in a stationary state is employed, a moving
mechanism for moving a subject in a vertical direction may be used as the moving mechanism for the vertical moving
section 6. In the modification, the subject may be e.g. a document, and the moving mechanism may be e.g. a transport
roller for transporting a document while holding the document.
[0054] Next, the details of a processing to be performed by the output control section 5 are described. FIG. 4 at sections
(A) and (B) is a timing chart showing an operation to be performed by the image pickup device in this embodiment. FIG.
5 is a timing chart of the pixel circuit GC shown in FIG. 3.
[0055] Referring to the section (A) of FIG. 4, the first through third rows respectively indicate the processings to be
performed with respect to the pixel array groups 10_R, 10_G, and 10_B. Further, in the section (A) of FIG. 4, horizontal
processing periods H_0, H_(-1), H_(-2) ... follow on the left side of the horizontal processing period H_1; and horizontal
processing periods H_5, H_6, H_7 ... follow on the right side of the horizontal processing period.
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[0056] Referring to the section (B) of FIG. 4, the first through sixth rows respectively indicate the exposure periods of
the pixel arrays 12_R, 11_R, 12_G, 11_G, 12_B, and 11_B.
[0057] The output control section 5 executes first through fifth processings S1 through S5 at an interval of a horizontal
processing period H. The first processing S1 is a processing of, in the case where an output processing period is assigned
to a certain pixel array group 10 as a target pixel array group 10_X among the pixel array groups 10_R, 10_G, and 10_B,
outputting a pixel signal from the second pixel array i.e. the pixel array 12_R, 12_G, 12_B as the last pixel array with
respect to the moving direction of the pixel unit I in the target pixel array group 10_X; and holding the outputted pixel
signal in the signal holding portion 41_X.
[0058] In the example shown in FIG. 4, the output processing periods of the pixel array groups 10_R, 10_G, 10_B,
and 10_R are respectively assigned to the horizontal processing periods H_1, H_2, H_3, and H_4. Accordingly, the pixel
array group 10_R serves as a target pixel array group 10_X during the horizontal processing periods H_1 and H_4; the
pixel array group 10_G serves as a target pixel array group 10_X during the horizontal processing period H_2; and the
pixel array group 10_B serves as a target pixel array group 10_X during the horizontal processing period H_3.
[0059] In the first processing S1 during the horizontal processing period H_1, a pixel signal of a current frame is
outputted from the pixel array 12_R and held in the signal holding portion 41_X. As shown in the section (B) of FIG. 4,
pixel signals of the current frame are pixel signals obtained by exposing the pixel array 12_R during one frame period
T corresponding to the horizontal processing periods H_(-2) through H_0.
[0060] FIG. 5 shows the details of the processing of outputting a pixel signal of a current frame. As shown in FIG. 5,
at a timing t1 as a start timing of the horizontal processing period H_1, a signal φRX_R2 is inputted to the reset transistor
RQ of the pixel GE_R2 in the pixel array 12_R. Then, the reset transistor RQ is turned on for a predetermined time, and
the FD is reset.
[0061] Then, a signal φSX_R2 is inputted to the row selection transistor SQ of the pixel GE__R2. Then, the row
selection transistor SQ is turned on for a predetermined time, and a voltage of the reset level of the FD is outputted to
the readout section 20 via the vertical signal line L2. The voltage of the reset level represents a pixel signal corresponding
to a noise component of the pixel GE_R2.
[0062] Then, a signal φTX_R2 is inputted to the transfer transistor TQ of the pixel GE_R2. Then, the transfer transistor
TQ is turned on for a predetermined time, and a signal charge accumulated in the photoelectric conversion section PD
for a frame period T is transferred to the FD. In response to turning off of the transfer transistor TQ, the photoelectric
conversion section PD starts light exposure for a next frame.
[0063] Then, the signal φTX_R2 is inputted to the row selection transistor SQ of the pixel GE_R2. The row selection
transistor SQ is turned on for a predetermined time, and the voltage of the FD is outputted to the readout section 20 as
a pixel signal via the vertical signal line L2. The pixel signal includes a noise component and an image component.
[0064] Then, the amplifier 30 of the readout section 20 subtracts a pixel signal including only a noise component, from
the pixel signal including the noise component and the image component. Then, the pixel signal including only the image
component is held in the signal holding portion 41_X.
[0065] The processing described as above referring to FIG. 5 is sequentially executed for the pixel arrays 12_G, 12_B,
and 12_R at an interval of a start timing t2, t3, t4 of the horizontal processing period H_2, H_3, H_4. By performing the
above operation, a pixel signal during a frame period T is outputted from each of the pixel arrays 100 at an interval of
the horizontal processing period H, and held in the signal holding portion 41_X.
[0066] Referring back to the section (A) of FIG. 4, in the first processing S1 during the horizontal processing period
H_2, a pixel signal of a current frame is outputted from the pixel array 12_G, and held in the signal holding portion 41_X.
As shown in the section (B) of FIG. 4, pixel signals of the current frame are pixel signals obtained by exposing, to light
from a subject, the pixel array 12_G during a frame period T corresponding to the horizontal processing periods H_(-1)
through H_1.
[0067] In the first processing S1 during the horizontal processing period H_3, a pixel signal of a current frame is
outputted from the pixel array 12_B, and held in the signal holding portion 41_X. As shown in the section (B) of FIG. 4,
pixel signals of the current frame are pixel signals obtained by exposing, to light from a subject, the pixel array 12_B
during a frame period T corresponding to the horizontal processing periods H_0 through H_2.
[0068] As described above, a pixel signal of a current frame is sequentially outputted from the pixel arrays 12_R,
12_G, and 12_B at an interval of the horizontal processing period H, and held in the signal holding portion 41_X.
[0069] The second processing S2 is a processing of causing the adder 50 to sum up a pixel signal of a current frame
held in the signal holding portion 41_X, and a pixel signal of a previous frame in the same position as the current frame,
which is outputted from the first pixel array 100 and held in the signal holding portion 41, in the case where an output
processing period is assigned to a target pixel array group 10_X in the past.
[0070] In the example of the section (A) of FIG. 4, in the second processing S2 during the horizontal processing period
H_1, a pixel signal V_R2 of a current frame that has been held in the signal holding portion 41_X, and a pixel signal V_
R1 of a previous frame that has been held in the signal holding portion 41_R are summed up. By performing the
summation, the signal holding portions 41_X and 41_R are emptied. In this example, the pixel signal V_R1 held in the
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signal holding portion 41_X is a pixel signal outputted from the pixel array 12_R in the first processing S1 during the
horizontal processing period H_1. Further, the pixel signal held in the signal holding portion 41_R is a pixel signal V_
R1 outputted from the pixel array 11_R in the third processing S3 during the horizontal processing period H_(-2), which
is a period preceding the horizontal processing period H_1 by one frame period T.
[0071] FIG. 7 is a diagram for explaining an exposure period of the pixel GE_R1 in the pixel array 11_R and the pixel
GE_R2 in the pixel array 12_R. In FIG. 7, the moving speed of the pixel unit 1 is set to V.
[0072] The pixel signal V_R1 is a pixel signal obtained by exposing, to light from a subject, the pixel GE_R1 for a
frame period T from the timing t(-5)+δT to the timing t(-2)+δT. In this example, δT indicates a delay time from the start
timing of a horizontal processing period H to the start timing of the third processing S3. Since the pixel GE_R1 is moved
by a distance corresponding to V*T during the frame period T, the frame where the pixel GE_R1 is exposed is represented
by D_R1. The exposure start position of the frame D_R1 corresponds to a rearward end (corresponding to the forward
end E2 of the pixel GE_R2) of the pixel GE_R1 at the timing t(-5)+ δT, and the exposure end position of the frame D_
R1 corresponds to the forward end E1 of the pixel GE_R1 at the timing t(-2)+δT.
[0073] The pixel signal V_R2 is a pixel signal obtained by exposing, to light from a subject, the pixel GE_R2 during a
frame period T from the timing t(-2) to the timing t1. Since the pixel GE_R2 is moved by a distance corresponding to
V*T during the frame period T, the frame where the pixel GE_R2 is exposed is represented by D_R2. The exposure
start position of the frame D_R2 corresponds to the rearward end E3 of the pixel GE_R2 at the timing t(-2), and the
exposure end position of the frame D_R2 corresponds to the forward end E2 of the pixel GE_R2 at the timing t1.
[0074] Further, a displacement between the frame D_R1 and the frame D_R2 is V*δT, which is very small. Accordingly,
it can be said that the frame D_R1 and the frame D_R2 are substantially at the same subject position as each other;
and the pixel signal V_R2 is a pixel signal obtained by exposing a pixel region substantially at the same subject position
as the position where the pixel signal V_R1 is obtained after lapse of a frame period T.
[0075] Accordingly, in the second processing S2, it is possible to perform TDI by summing up the pixel signal V_R1
and the pixel signal V_R2.
[0076] Referring back to the section (A) of FIG. 4, in the second processing S2 during the horizontal processing period
H_2, a pixel signal V_G2 of a current frame held in the signal holding portion 41_X; and a pixel signal V_G1 of a previous
frame held in the signal holding portion 41_G are summed up. By performing the summation, the signal holding portions
41_X and 41_G are emptied. The pixel signal V_G2 is a pixel signal outputted from the pixel array 12_G in the first
processing S1 during the horizontal processing period H_2. Further, the pixel signal V_G1 is a pixel signal outputted
from the pixel array 11_G in the third processing S3 during the horizontal processing period H_(-1) which precedes the
horizontal processing period H_2 by one frame period T.
[0077] In the second processing S2 during the horizontal processing period H_3, a pixel signal V_B2 of a current
frame held in the signal holding portion 41_X, and a pixel signal V_B1 of a previous frame held in the signal holding
portion 41_B are summed up. By performing the summation, the signal holding portions 41_X and 41_B are emptied.
The pixel signal V_B2 is a pixel signal outputted from the pixel array 12_B in the first processing S1 during the horizontal
processing period H_3. Further, the pixel signal V_B1 is a pixel signal outputted from the pixel array 11_B in the third
processing S3 during the horizontal processing period H_(0) which precedes the horizontal processing period H_2 by
one frame period T.
[0078] The third processing S3 is a processing of outputting a pixel signal of a previous frame from the first pixel array
11_R, 11_G, 11_B in a target pixel array group 10_X, and holding the outputted pixel signal in the signal holding portion 41.
[0079] In the example of the section (A) of FIG. 4, in the third processing S3 during the horizontal processing period
H_1, a pixel signal V_R1 is outputted from the pixel array 11_R, and held in the signal holding portion 41_R. As shown
in the section (B) of FIG. 4, the pixel signal V_R1 is a pixel signal obtained by exposing, to light from a subject, the pixel
array 11_R during a frame period T after lapse of δT from the start timing of the horizontal processing period H_(-2) and
after lapse of δT from the start timing of the horizontal processing period H_1, The details of the processing of outputting
the pixel signal V_R1 are shown in FIG. 5. Since the processing of outputting the pixel signal V_R1 is the same as the
processing of outputting the pixel signal V_R2, description thereof is omitted herein.
[0080] Further, in the third processing S3 during the horizontal processing period H_2, a pixel signal V_G1 is outputted
from the pixel array 11_G, and held in the signal holding portion 41_G. As shown in the section (B) of FIG. 4, the pixel
signal V_G1 is a pixel signal obtained by exposing, to light from a subject, the pixel array 11_G during a frame period
T after lapse of δT from the start timing of the horizontal processing period H_(-1) and after lapse of δT from the start
timing of the horizontal processing period H_2.
[0081] Further, in the third processing S3 during the horizontal processing period H_3, a pixel signal V_B1 is outputted
from the pixel array 11_B, and held in the signal holding portion 41_B. As shown in the section (B) of FIG. 4, the pixel
signal V_B1 is a pixel signal obtained by exposing, to light from a subject, the pixel array 11_B during a frame period T
after lapse of δT from the start timing of the horizontal processing period H_0 and after lapse of δT from the start timing
of the horizontal processing period H_3.
[0082] As described above, in the third processing S3, pixel signals are outputted from the pixel arrays 11_R, 11_G,
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and 11_B at a timing delayed by δT with respect to the pixel arrays 12_R, 12_G, and 12_B at an interval of the horizontal
processing period H, and held in the signal holding portions 41_R, 41_G, and 41_B.
[0083] The fourth processing S4 is a processing of causing the A/D converter 60 to A/D convert a pixel signal obtained
by summation by the adder 50. The fourth processing S4 is executed concurrently with the third processing S3.
[0084] In the example of the section (A) of FIG. 4, in the fourth processing S4 during the horizontal processing period
H_1, the R pixel signal obtained by summation in the second processing S2 is A/D converted into pixel data, and latched
by the latch section 70. When the fourth processing S4 during the horizontal processing period H_1 is ended, the latch
sections 70 in all the pixel arrays latch the R pixel data corresponding to one frame.
[0085] The fourth processing S4 for G pixels and B pixels is executed during the horizontal processing periods H_2
and H_3 in the same manner as during the horizontal processing period H_1.
[0086] The fifth processing S5 is a processing of sequentially outputting pixel data corresponding to one frame that
has been latched in the latch sections 70 in the fourth processing S4. The fifth processing S5 is executed concurrently
with the first through fourth processings S1 through S4.
[0087] In the example of the section (A) of FIG. 4, in the fifth processing S5 during the horizontal processing period
H_2, the R pixel data corresponding to one frame that has been latched in the latch sections 70 of all the pixel arrays
in the fourth processing S4 during the horizontal processing period H_1 is sequentially outputted, and stored in the image
memory 8.
[0088] The fifth processing S5 for G pixels and B pixels is executed during the horizontal processing periods H_3 and
H_4 in the same manner as during the horizontal processing period H_2. In this way, R, G, and B image data corresponding
to one frame is stored in the image memory 8 at an interval of the horizontal processing period H.
[0089] FIG. 8 at sections (A) and (B) is a diagram showing an exposure period for obtaining a pixel signal from each
of the pixel arrays 100 which are moved in a vertical direction. In the sections (A) and (B) of FIG. 8, the pixel unit 1 is
moved upwardly in a vertical direction. In the sections (A) and (B) of FIG. 8, each rectangle indicates one pixel GE in
one pixel array 100.
[0090] The moving speed V of the pixel unit 1 is set to V=Ps/T. One scale in a vertical direction of the section (A) of
FIG. 8 indicates a moving distance of the pixel unit 1 during a horizontal processing period H. Since T=3H, the one scale
is Ps/3. The arrangement interval Pd between the pixel array groups 10 is set to Pd=7Ps/3. Therefore, the length Ld of
the interval region 13 in a vertical direction is: Ld=Pd-2Ps=Ps/3.
[0091] During a frame period T1_R2, the forward end E2 of the pixel GE_R2 is moved in the range from the position
Y3 to the position Y6. Accordingly, the exposure start position of the frame D_T1_R2 of the pixel GE_R2 is set to the
position Y0, and the exposure end position thereof is set to the position Y6.
[0092] Further, during a frame period T3_G2, the forward end E2 of the pixel GE_G2 is moved in the range from the
position Y3 to the position Y6. Accordingly, the exposure start position of the frame D_T3_Ci2 off the pixel GE_G2 is
set to the position Y0, and the exposure end position thereof is set to the position Y6. Thus, the frame D_T3_G2 is
located in the same region as the frame D_T1_R2.
[0093] The pixel signal of the frame D_T1_R2 is outputted to the readout section 20 during the horizontal processing
period H_4, and the pixel signal of the frame D_T3_G2 is outputted to the readout section 20 during the horizontal
processing period H_11.
[0094] Accordingly, the pixel signal to be outputted from the pixel GE_G2 is a pixel signal obtained at the same subject
position as the pixel signal to be outputted from the pixel GE_R2 at a timing preceding by two frame periods 2T. Further,
the sequence diagram of the section (A) of FIG. 8 also shows that the pixel signal to be outputted from the pixel GE_
B2 is a pixel signal obtained at the same subject position as the pixel signal to be outputted from the pixel GE_G2 at a
timing preceding by two frame periods 2T.
[0095] Thus, the pixels GE_R2, GE_G2, and GE_B2 are operable to output pixel signals at the same subject position
as each other.
[0096] The pixel signal output timings from the pixels GE_R1, GE_G1, and GE_B1 are respectively delayed by δT
from the start timing of the horizontal processing period H. However, since pixel signals are sequentially outputted at
an interval of the frame period T, it is possible to output pixel signals from the pixels GE_R1, GE_G1, and GE_B1 at the
same subject position as each other in the same manner as the pixels GE_R2, GE_G2, and GE_B2.
[0097] During a frame period T1_R1, the forward end E1 of the pixel GE_R1 is moved in the range from the position
Y6+V*δT to the position Y9+V*6T. Accordingly, the exposure start position of a frame D_T1_R1 of the pixel GE_R1 is
set to the position Y3+V*δT, and the exposure end position thereof is set to the position Y9+V*δT.
[0098] Further, during a frame period T2_R2, the forward end E1 of the pixel GE_R2 is moved in the range from the
position Y6 to the position Y9. Accordingly, the exposure start position of a frame D_T2_R2 of the pixel GE_R2 is set
to the position Y3, and the exposure end position thereof is set to the position Y9. In this example, if δT is set to a short
time, the frame D_T1_R1 is located substantially at the same subject position as the frame D_T2_R2.
[0099] The pixel signal of the frame D_T1_R2 is outputted to the readout section 20 at the timing t4 during the horizontal
processing period H_4, and the pixel signal of the frame D_T2_R2 is outputted to the readout section 20 at the timing
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t7+δT during the horizontal processing period H_7.
[0100] Accordingly, the pixel signal to be outputted from the pixel GE_R2 is a pixel signal obtained substantially at the
same subject position as the pixel signal to be outputted from the pixel GE_R1 at a timing preceding substantially by
one frame period T. Further, the sequence diagram of the section (A) of FIG. 8 also shows that the pixel signal to be
outputted from the pixel GE_G2 is a pixel signal obtained substantially at the same subject position as the pixel signal
to be outputted from the pixel GE_G1 at a timing preceding by one frame period T, and the pixel signal to be outputted
from the pixel GE_B2 is a pixel signal obtained substantially at the same subject position as the pixel signal to be
outputted from the pixel GE_B1 at a timing preceding by one frame period T.
[0101] As described above, it is possible to perform TDI for each of R pixels, G pixels, and B pixels by exposing the
pixel GE_R1 and the pixel GE_R2, the pixel GE_G1 and the pixel GE_G2, and the pixel GE_B1 and the pixel GE_B2,
respectively and substantially at the same subject position as each other.
[0102] FIG. 9 is a diagram showing an arrangement example of the pixel arrays 100. Each of the pixel arrays 100 is
provided with an interval region 13 and a light receiving region 14. The pixel circuit GC shown in FIG. 3 is disposed in
the interval region 13, and a photoelectric conversion section PD is disposed in the light receiving region 14.
[0103] Specifically, the pixel circuits GC for the pixel array 11_R are disposed in an interval region 13_1. Further, the
pixel circuits GC for the pixel array 12_R and the pixel array 11_G are disposed in an interval region 13_2. Further, the
pixel circuits GC for the pixel array 12_G and the pixel array 11_B are disposed in an interval region 13_3. Further, the
pixel circuits GC for the pixel array 12_B are disposed in an interval region 13_4.
[0104] The two pixel arrays 12_R and 11_G which are disposed as opposed to each other with respect to a boundary
between the pixel array group 10_R and the pixel array group 10_G are configured in such a manner that circuit elements
as parts of the pixel circuits GC of a symmetrically arranged pair of pixels GE_R2 and GE_G1 are arranged symmetrically
to each other with respect to the boundary, in other words, specularly arranged with respect to the boundary; and that
circuit elements as parts of the pixel circuits GC of a symmetrically arranged pair of pixels GE_G2 and GE_B1 are also
arranged symmetrically to each other with respect to the boundary in the same manner as the pixels GE_R2 and GE_G1.
[0105] Further, the pixels GE_R2 and GE_G1 share circuit elements as parts of the pixel circuits GC thereof, and the
pixels GE_G2 and GE_B1 share circuit elements as parts of the pixel circuits GC thereof, respectively.
[0106] FIG. 10 is a circuit diagram of the paired pixel GE_G2 and the pixel GE_B1 which are arranged symmetrically
to each other with respect to the boundary. As shown in FIG. 10, a reset transistor RQ, an FD, an amplification transistor
GQ, and a row selection transistor SQ are shared between the pixels GE_G2 and GE_B1.
[0107] The above configuration is advantageous in reducing the number of circuit elements constituting a pixel circuit
GC, as compared with a configuration that a pixel circuit GC is provided in each of the pixels GE_G2 and GE_B1. Thus,
it is possible to secure a sufficient area for the light receiving region 14, even if the size of the pixel unit 1 is reduced.
This is advantageous in obtaining a pixel signal of a high S/N ratio.
[0108] Further, the circuit elements as parts of the pixel circuits GC of the pixels GE_G2 and GE_B1 are arranged
symmetrically with respect to the boundary. Specifically, transfer transistors TQ(G2) and TQ(B1) are disposed equidis-
tantly away from each other with respect to the FD. Further, photoelectric conversion sections PD(G2) and PD(B1) are
also disposed equidistantly away from each other with respect to the FD. Accordingly, it is possible to make the wire
capacity from the photoelectric conversion section PD(G2) to the FD, and the wire capacity from the photoelectric
conversion section PD(B1) to the FD equal to each other. This is advantageous in suppressing a variation in pixel signals
between pixels.
[0109] Further, since an amplification transistor GQ and a row selection transistor SQ are shared, it is possible to
make the line path length from the FD to the readout section 20 with respect to a pixel signal to be outputted from the
photoelectric conversion section PD(G2), and the line path length from the FD to the readout section 20 with respect to
a pixel signal to be outputted from the photoelectric conversion section PD(B1) equal to each other. The pixels GE_R2
and GE_G1 have the same circuit configuration as the circuit configuration shown in FIG. 10.
[0110] FIG. 11 at sections (A) and (B) is a diagram showing an exposure period of each of the pixel arrays 100 in the
case where the exposure start positions of two pixel arrays 100 constituting each of the pixel array groups 10 are aligned
with each other in reading out a pixel signal in the order of R, G, and B.
[0111] In the example of FIG. 8, since Pd=7Ps/3, the exposure start position of each of the pixel arrays 100 in each
of the pixel array groups 10 is displaced by V*δT. In order to prevent the displacement, in the example of FIG. 11, δT=H/2,
Ps=2.5V*H(=(3-0.5)*V*H), and Pd=7Ps/2.5. Therefore, Ld=Pd-2Ps=2V*H.
[0112] During a frame period T1_R1, the forward end E1 of the pixel GE_R1 is moved in the range from the position
Y5.5(=Y5+0.5H*V) to the position Y8.5(=Y8+0.5H*V). In this example, the frame period T1_R1 is a time duration from
the timing t1+0.5H, which is a point of time after elapse of 0.5H from the start timing t1 of the horizontal processing
period H1_1 to the timing t4+0.5H, which is a point of time after lapse of 0.5H from the start timing t4 of the horizontal
processing period H_4. Therefore, the exposure start position of the frame D_T1_R1 of the pixel GE_R1 is set to the
position Y3(=Y2.5+0.5H*V), and the exposure end position thereof is set to the position Y8.5(=Y8+0.5H*V).
[0113] Further, during a frame period T2_R2, the forward end E2 of the pixel GE_R2 is moved in the range from the
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position Y5.5 to the position Y8.5. In this example, the frame period T2_R2 is a time duration from the start timing t4 of
the horizontal processing period H_2 to the start timing t7 of the horizontal processing period H_7.
[0114] Therefore, the exposure start position of the frame D_T2_R2 of the pixel GE_R2 is set to the position Y3, and
the exposure end position thereof is set to the position Y8.5. Thus, the frame D_T2_R2 is located in the same region
as the frame D_T1_R1.
[0115] The pixel signal of the frame D_T1_R1 is outputted to the readout section 20 during the horizontal processing
period H_4, and the pixel signal of the frame D_T2_R2 is outputted to the readout section 20 during the horizontal
processing period H_7.
[0116] Accordingly, the pixel signal to be outputted from the pixel GE_R2 is a pixel Signal obtained at the same subject
position as the pixel signal to be outputted from the pixel GE_R1 at a timing preceding by one frame period T.
[0117] Further, as is obvious from the frames D_T2_G1 and D_T3_G2, the pixel signal to be outputted from the pixel
GE_G2 is a pixel signal obtained at the same subject position as the pixel signal to be outputted from the pixel GE_G1
at a timing preceding by one frame period T.
[0118] Further, as is obvious from the frames D_T2_B1 and D_T3_B2, the pixel signal to be outputted from the pixel
GE_82 is a pixel signal obtained at the same subject position as the pixel signal to be outputted from the pixel GE_B1
at a timing preceding by one frame period T.
[0119] Accordingly, it is possible to output pixel signals at the same subject position as each other from the pixel arrays
11_R and 12_R, output pixel signals at the same subject position as each other from the pixel arrays 11_G and 12_G,
and output pixel signals at the same subject position as each other from the pixel arrays 11_B and 12_B.
[0120] During a frame period T1_R1, the pixel GE_R1 is exposed at the frame D_T1_R1. The exposure start position
of the frame D_T1_R1 is set to the position Y3(=Y2.5+0.5H*V), and the exposure end position thereof is set to the
position Y8.5(=Y8+0.5H*V).
[0121] Further, during a frame period T3_G1, the forward end E2 of the pixel GE_G1 is moved in the range from the
position Y5.5(=Y5+0.5H*V) to the position Y8.5(=Y8+0.5H*V). In this example, the frame period T3_G1 is a time duration
from the timing t8+0.5H, which is a point of time after lapse of 0.5H from the start timing t8 of the horizontal processing
period H_8 to the timing t11+(0.5H, which is a point of time after lapse of 0.5H from the start timing t11 of the horizontal
processing period H_11.
[0122] Therefore, the exposure start position of the frame D_T3_G1 of the pixel GE_G1 is set to the position Y3, and
the exposure end position thereof is set to the position Y8.5. Thus, the frame D_T3_G1 is located at the same subject
position as the frame D_T1_R1.
[0123] The pixel signal of the frame D_T1_R1 is outputted to the readout section 20 during the horizontal processing
period H_4, and the pixel signal of the frame D_T3_G1 is outputted to the readout section 20 during the horizontal
processing period H_11.
[0124] Accordingly, the pixel signal to be outputted from the pixel GE_G1 is a pixel signal obtained at the same subject
position as the pixel signal to be outputted from the pixel GE_R1 at a timing preceding by two frame periods 2T.
[0125] Further, as is obvious from the frames D_T1_G1 and D_T3_B1, the pixel signal to be outputted from the pixel
GE_B1 is a pixel signal obtained at the same subject position as the pixel signal to be outputted from the pixel GE_G1
at a timing preceding by two frame periods 2T.
[0126] Thus, it is possible to output pixel signals from the pixel arrays 100 at the same subject position as each other.
[0127] FIG. 12 at sections (A) and (B) is a diagram showing an exposure period of each of the pixel arrays 100 in the
case where the exposure start positions of two pixel arrays 100 constituting each of the pixel array groups 10 are aligned
with each other in reading out a pixel signal in the order of B, G, and R.
[0128] In the example of FIG. 11, pixel signals are read out in the order of R, G, and B. In the example of FIG. 12,
pixel signals are read out in the order of B, G, and R. Further, in the example of FIG. 12, δT=H/2, Ps=2.5V*H, and
Pd=8Ps/2.5 to expose each of the pixel arrays 100 at the same subject position. Therefore, Ld-3H*V.
[0129] During a frame period T1_B1, the forward end E1 of the pixel GE_B1 is moved in the range from the position
Y5.5(=Y5+0.5H*V) to the position Y8.5(=Y8+0.5H*V). In this example, the frame period T1_B1 is a time duration from
the timing t1+0.5H, which is a point of time after elapse of 0.5H from the start timing t1 of the horizontal processing
period H1_1 to the timing t4+0.5H, which is a point of time after lapse of 0.5H from the start timing t4 of the horizontal
processing period H_4. Therefore, the exposure start position of the frame D_T1_B1 of the pixel GE_B1 is set to the
position Y3(=Y2.5+0.5H*V), and the exposure end position thereof is set to the position Y8.5(=Y8+0.5H*V).
[0130] Further, during a frame period T2_B2, the forward end E2 of the pixel GE_B2 is moved in the range from the
position Y5.5 to the position Y8.5. In this example, the frame period T2_B2 is a time duration from the start timing t4 of
the horizontal processing period H_2 to the start timing t7 of the horizontal processing period H_7.
[0131] Therefore, the exposure start position of the frame D_T2_B2 of the pixel GE_B2 is set to the position Y3, and
the exposure end position thereof is set to the position Y8.5. Thus, the frame DJT2JB2 is located at the same subject
position as the frame D_T1_B1.
[0132] The pixel signal of the frame D_T1_B1 is outputted to the readout section 20 during the horizontal processing
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period H_4, and the pixel signal of the frame D_T2_B2 is outputted to the readout section 20 during the horizontal
processing period H_7.
[0133] Accordingly, the pixel signal to be outputted from the pixel GE_B2 is a pixel signal obtained at the same subject
position as the pixel signal to be outputted from the pixel GE_B1 at a timing preceding by one frame period T.
[0134] Further, as is obvious from the frames D_T1_G1 and D_T2_G2, the pixel signal to be outputted from the pixel
GE_G2 is a pixel signal obtained at the same subject position as the pixel signal to be outputted from the pixel GE_G1
at a timing preceding by one frame period T.
[0135] Further, as is obvious from the frames D_T1_R1 and D_T2_R2, the pixel signal to be outputted from the pixel
GE_R2 is a pixel signal obtained at the same subject position as the pixel signal to be outputted from the pixel GE_R1
at a timing preceding by one frame period T.
[0136] Accordingly, it is possible to output pixel signals at the same subject position as each other from the pixel arrays
11_B and 12_B, output pixel signals at the same subject position as each other from the pixel arrays 11_G and 12_G,
and output pixel signals at the same subject position as each other from the pixel arrays 11_R and 12_R.
[0137] During a frame period T2_G2, the pixel GE_G2 is exposed at a frame D_T2_G2. The exposure start position
of the frame D_T2_G2 is set to the position Y12, and the exposure end position thereof is set to the position Y17.5.
[0138] Further, during a frame period T5_B2, the forward end E2 of the pixel GE_B2 is moved in the range from the
position Y14.5 to the position Y17.5. In this example, the frame period T5_B2 is a time duration from the start timing t13
of the horizontal processing period H_13 to the start timing t16 of the horizontal processing period H_16.
[0139] Therefore, the exposure start position of the frame D_T5_B2 of the pixel GE_B2 is set to the position Y12, and
the exposure end position thereof is set to the position Y17.5. Thus, the frame D_T5_B2 is located in the same region
as the frame D_T2_G2.
[0140] The pixel signal of the frame D_T2_G2 is outputted to the readout section 20 during the horizontal processing
period H_8, and the pixel signal of the frame D_T5_B2 is outputted to the readout section 20 during the horizontal
processing period H_16.
[0141] Accordingly, the pixel signal to be outputted from the pixel GE_B2 is a pixel signal obtained at the same subject
position as the pixel signal to be outputted from the pixel GE_G2 at a timing preceding by three frame periods 3T.
[0142] Further, as is obvious from the frames D_T1_R2 and D_T4_G2, the pixel signal to be outputted from the pixel
GE_G2 is a pixel signal obtained at the same subject position as the pixel signal to be outputted from the pixel GE_R2
at a timing preceding by three frame periods 3T. Thus, it is possible to output pixel signals from the pixel arrays 100 at
the same subject position as each other.
[0143] FIG. 13 is a diagram showing a modification of the arrangement example of the pixel arrays 100 shown in FIG.
9. In the arrangement example shown in FIG. 9, the pixel arrays 12_R and 11_G, share reset transistors RQ, amplification
transistors GQ, and row selection transistors SQ; and the pixel arrays 12_G and 11_B share reset transistors RQ,
amplification transistors GQ, and row selection transistors SQ, respectively. In the arrangement example shown in FIG.
13, all the pixel arrays 100 share reset transistors RQ, amplification transistors GQ, and row selection transistors SQ.
[0144] Further, in the arrangement example shown in FIG. 13, an interval region 13_2 in a boundary between the pixel
arrays 12_R and 11_G is divided into two sub interval regions i.e. a sub interval region 13_A1 of the pixel array 12_R
and a sub interval region 13_B1 of the pixel array 11_G. Likewise, an interval region 13_3 in a boundary between the
pixel arrays 12_G and I 1_B is divided into two sub interval regions i.e. an interval region 13_A2 of the pixel array 12_G
and an interval region 13_B2 of the pixel array 11_B.
[0145] FIG. 14 shows a circuit diagram for the arrangement example shown in FIG. 13. Six pixels GE_R1, GE_R2,
GE_G1, GE_G2, GE_B1, and GE_B2 shown in FIG. 14 respectively indicate six pixels in a certain column af the pixel
arrays 11_R, 12_R, I 1_G, 12_G, 11_B, and 12_B.
[0146] Photoelectric conversion sections PD(R1), PD(R2), PD(G1), PD(G2), PD(B1), and PD(B2) are respectively
disposed in light receiving regions 14_R1, 14_R2, 14_G1, 14_G2, 14_B1, and 14-B2 shown in FIG. 13.
[0147] Six transfer transistors TQ(R1), TQ(R2), TQ(G1), TQ(G2), TQ(B1), and TQ(B2) are respectively disposed in
the interval regions 13_1, 13_A1, 13_B1, 13_A2, 13_B2, and 13_4.
[0148] An FD is connected to each of the six transfer transistors TQ via one line path L11, and is shared by the six
pixels GE. One end of the reset transistor RQ is connected to the FD. A gate of the amplification transistor GQ is
connected to the FD. The reset transistor RQ and the amplification transistor GQ are each shared by the six pixels GE.
[0149] A reset transistor RQ, an FD, and an amplification transistor GQ are disposed in a sharing region 15 shown in
FIG. 13. The sharing region 15 is provided at a lower side of the pixel array 12_B. Further, referring to FIG. 14, the
transfer transistor TQ has the function of the row selection transistor SQ shown in FIG. 3, in addition to the function of
transferring a signal charge.
[0150] FIG. 15 shows a timing chart of the circuit shown in FIG. 14. At a point of time a little bit earlier than the timing
t1, a signal φRX is turned on for a predetermined period. Then, the FD is reset, and a signal of the reset level of the FD
is outputted as a pixel signal corresponding to a noise component to the vertical signal line L2 via the amplification
transistor GQ. Since the processings for B pixels and G pixels are the same as the processing for R pixels, merely the
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processing for R pixels is described herein.
[0151] At the timing t1, a signal φTX_R2 is turned on for a predetermined period. Then, a signal charge accumulated
in the photoelectric conversion section PD(R2) is transferred to the FD, and outputted to the vertical signal line L2 via
the amplification transistor GQ. By performing the above operation, a pixel signal of a frame which is obtained by the
pixel GE_R2 is outputted to the readout section 20.
[0152] At the timing t1+δT, a signal φTX_R1 is turned on. Then, a signal charge accumulated in the photoelectric
conversion section PD(R1) is transferred to the FD, and outputted to the vertical signal line L2 via the amplification
transistor GQ. By performing the above operation, a pixel signal of a frame which is obtained by the pixel GE_R1 is
outputted to the readout section 20.
[0153] Likewise, during the horizontal processing period H_2, the same processing as applied to the pixels GE_R1
and GE_R2 is performed for the pixels GE_G1 and GE_G2; and during the horizontal processing period H_3, the same
processing as applied to the pixels GE_R1 and GE_R2 is performed for the pixels GE_B1 and GE_B2.
[0154] FIG. 16 is a diagram showing an arrangement example, in the case where the readout unit 2 shown in FIG. 1
is divided into two sub readout units 2_1 and 2_2. The sub readout unit 2_1 is disposed on the upper side of the pixel
array 11_R: and the sub readout unit 2_2 is disposed on the lower side of the pixel array 12_B.
[0155] The sub readout unit 2_1 is provided with a plurality of sub readout sections 20_1 for reading out pixel signals
from every-odd numbered pixels GE from the left end of the pixel unit 1. The sub readout unit 2_2 is provided with a
plurality of sub readout sections 20_2 for reading out pixel signals from every-even numbered pixels GE from the left
end of the pixel unit 1.
[0156] Further, the sub readout unit 2_1 is provided with a sub horizontal scanning circuit 4_1 for horizontally scanning
the sub readout sections 20_1 at every odd-numbered pixels from the left end, and a sub horizontal scanning circuit
4_2 for horizontally scanning the sub readout sections 20_1 at every even-numbered pixels from the left end.
[0157] Further, the sub readout unit 2_2 is provided with a sub horizontal scanning circuit 4_3 for horizontally scanning
the sub readout sections 20_2 at every odd-numbered pixels from the left end, and a sub horizontal scanning circuit
4_4 for horizontally scanning the sub readout sections 20_2 at every even-numbered pixels from the left end.
[0158] Next, an operation to be performed by the readout unit is described. Firstly, in response to selection of a certain
pixel array 100 by the vertical scanning circuit 3, each of the sub readout sections 20_1 reads out a pixel signal from a
corresponding odd-numbered pixel GE in the selected pixel array 100. Concurrently, each of the sub readout sections
20_2 reads out a pixel signal from a corresponding even-numbered pixel GE in the selected pixel array 100.
[0159] Then, the sub readout units 2_1 and 2_2 output the readout pixel signals to amplifiers 71 through 74 as pixel
data after A/D conversion. In performing this operation, the sub horizontal scanning circuit 4_1 outputs, to the amplifier
71, a pixel signal from the pixel GE in the first column, and concurrently, the sub horizontal scanning circuit 4_2 outputs,
to the amplifier 72, a pixel signal from the pixel GE in the third column.
[0160] Further, the sub horizontal scanning circuit 4_3 outputs, to the amplifier 73, a pixel signal from the pixel GE in
the second column, and concurrently, the sub horizontal scanning circuit 4_4 outputs, to the amplifier 74, a pixel signal
from the pixel GE in the fourth column.
[0161] Furthermore, concurrently when the sub readout unit 2_1 outputs, to the amplifiers 71 and 72, the pixel signal
from the pixel GE in the first column and the pixel signal from the pixel GE in the third column, the sub readout unit 2_2
outputs, to the amplifiers 73 and 74, the pixel signal from the pixel GE in the second column, and the pixel signal from
the pixel GE in the fourth column.
[0162] The sub readout units 2_1 and 2_2 cyclically repeat the aforementioned processing for the pixels GE in all the
columns, whereby all the pixel data in one pixel array 100 is outputted.
[0163] With the above configuration, the time required for outputting pixel data corresponding to one pixel array by
the sub readout units 2_1 and 2_2 is shortened to one-half of the time required in the configuration shown in FIG. 1.
Thus, it is possible to perform a pixel signal readout operation at a high speed.
[0164] FIG. 17 is a configuration diagram of an image pickup device, in which a modification of the readout section
20 shown in FIG. 1 is applied. The readout section 20 shown in FIG. 17 is provided with a switch section 80 and a
feedback loop 90, in place of the adder 50 which is provided for the readout section 20 shown in FIG. 1.
[0165] The switch section 80 is connected between the pixel unit 1 and the amplifier 30. The feedback loop 90 is
connected between the output end of the signal holding portion 41_B and the switch section 80.
[0166] The switch section 80 is constituted of e.g. a transistor, and connects the amplifier 30 to the vertical signal line
L2 or to the feedback loop 90 under the control of the output control section 5.
[0167] Next, an operation to be performed by the readout section 20 is described by taking an example of R pixels,
referring to FIG. 17. The operation sequence of the image pickup device shown in FIG. 17 is substantially the same as
that shown in FIG. 4 except for the first processing S1 through the third processing S3. Accordingly, in the following, the
operation to be performed by the readout section 20 shown in FIG. 17 is described mainly on the differences.
[0168] In the first processing S1, the pixel array 12_R outputs a pixel signal V_R2. Further, in the first processing S1,
the switch section 80 connects the amplifier 30 to the vertical signal line L2, and the output control section 5 causes the



EP 2 571 252 A1

14

5

10

15

20

25

30

35

40

45

50

55

signal holding portion 41_X to hold the pixel signal V_R2 therein.
[0169] In the second processing S2, the switch section 80 connects the amplifier 30 to the feedback loop 90, and the
output control section 5 causes the amplifier 30 to output the pixel signal V_R1 held in the signal holding portion 41_R
via the feedback loop 90. Then, in the second processing S2, the amplifier 30 sums up the pixel signal V_R1 and the
pixel signal V_R2, and outputs the summation result to the A/D converter 60.
[0170] In the third processing S3, the switch section 80 connects the amplifier 30 to the vertical signal line L2, and the
output control section 5 causes the pixel array 11_R to output a pixel signal V_R1, and causes the signal holding portion
41_R to hold the pixel signal V_R1 therein.
[0171] The aforementioned processing is also executed for B pixels and G pixels. The aforementioned processing is
executed in the order of R, G, and B at an interval of the horizontal processing period H.
[0172] The above configuration eliminates the need of providing an adder 50 in addition to an amplifier 30 by providing
the amplifier 30 with the function of the adder 50. This is advantageous in reducing the circuit scale of the readout section
20.

(Configuration using M pixel array groups and N pixel arrays)

[0173] In this section, there is described a case, wherein the pixel unit 1 is constituted of M pixel array groups 10_1
through 10_M, and one pixel array group 10 is constituted of N pixel arrays 100_1 through 100_N. In this configuration,
in the third processing S3, pixel signals are sequentially outputted in the order from the pixel array 100_N-1 to the pixel
array 100N_1.

(Number of signal holding portions)

[0174] As the number N of pixel arrays increases, the sensitivity increases and the S/N ratio enhances. However, the
circuit scale of an addition circuit such as a signal holding portion 41 may increase. In view of the above, it is preferred
to set the number N of pixel arrays to ten or less.
[0175] Since the pixel signals other than the pixel signals to be outputted from the last pixel array 100_N are used in
a horizontal processing period H thereafter, it is necessary to hold the pixel signals by the readout sections 20. In view
of the above, it is necessary to set the number of signal holding portions 41 to N-1 for each pixel array group, in other
words, it is necessary to provide (N-I)*M or more signal holding portions 41. Further, as shown by the example of FIG.
1, in the case where a pixel signal to be outputted from the last pixel array 100_N is also held, it is necessary to set the
number of signal holding portions 41 to (N-1)*M+1 or more.
[0176] The number of signal holding portions 41 should be ∑n=1 to N (n-1) for each pixel array group in order to perform
TDI while individually holding the pixel signals to be outputted from the pixel arrays 100_1 through 100_N-1. In sum,
∑n=1 to N (n-1) · M signal holding portions 41 are necessary.
[0177] FIG. 18 is a diagram for describing the number of signal holding portions 41 necessary for one pixel array
group, in the case where N=3. In the case where N=3, three signal holding portions 41 are necessary for one pixel array
group to satisfy the formula ∑n=1 to N(n-1) · M.
[0178] Referring to FIG. 18, V1(t), V2(t), and V3(t) respectively indicate pixel signals outputted from the pixel arrays
100_1, 100_2, and 100_3 during a horizontal processing period H_t.
[0179] In the first processing S1, the pixel signal V3(t) is outputted from the pixel array 100_3. In the second processing
S2, the pixel signals V3(t), V1(t-2), and V2(t-1) are summed up. Accordingly, the signal holding portions 41_1_1 and
41_2 are emptied. In the third processing S3, the pixel signals V1(t) and V2(t) are respectively held in the signal holding
portions 41_1_1 1 and 41_2.
[0180] As described above, in order to perform TRI for three pixel arrays, it is necessary to obtain the pixel signals
V2(t-1) and V1(t-2) at the same subject position as the pixel signal V3(t) in the second processing S2. Further, the pixel
signal V1(t-1) which has been outputted in the processing S3 during the horizontal processing period H_(t-1) is necessary
during the next horizontal processing period H_(t+1). Therefore, it is necessary to hold the pixel signal V1(t-1) in the
signal holding portion 41_1_2.
[0181] In view of the above, it is necessary to provide two signal holding portions 41_1_1 and 41_1_2 for holding pixel
signals of two frames to be outputted from the pixel array 100_1, and one signal holding portion 41_2 for holding a pixel
signal of one frame to be outputted from the pixel array 100_2. Thus, in the case where N=3, three signal holding portions
41 are necessary for one pixel array group.
[0182] In this example, the pixel signal V2(t) is a pixel signal obtained at the same subject position as the pixel signal
V1(t-1). Accordingly, in the third processing S3, a configuration of writing the pixel signal V2(t) over the pixel signal V1
(t-1) may be employed. In the modification, only one signal holding portion 4] is necessary for the pixel array 100_1, and
the required number of signal holding portions 41 for one pixel array group is two. Accordingly, in the case where N pixel
arrays are provided, the required number of signal holding portions 41 for one pixel array group is N-1. In sum, the
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required total number of signal holding portions 41 is (N-1)*M. Thus, reduction in the number of signal holding portions
41 is advantageous in reducing the circuit scale of the readout section 20.

(Adder 50)

[0183] The adder 50 may preferably be an analog adder for summing up analog pixel signals. In the case where the
adder 50 is constituted of a digital adder, it is necessary to A/D convert a pixel signal to be outputted from each of the
pixel arrays. This may increase the number of times of A/D conversion. In view of the above, constituting the adder 50
of an analog adder is advantageous in reducing the number of times of A/D conversion, and shortening a horizontal
processing period.
[0184] Further, the number of pixel arrays 100 for outputting pixel signals to be summed up by the adder 50 may be
set variable. The modification enables to vary the sensitivity of a solid-state image pickup element.

(Arrangement Intervals Ps and Pd)

[0185] The following two patterns i.e. Case A and Case 2 are proposed regarding the assignment order of an output
processing period.
[0186] Case A: This is a pattern, in which an output processing period is assigned in the order from a forward pixel
array group 10 toward a rearward pixel array group 10 with respect to the moving direction of the pixel unit 1. In this
case, an output processing period is assigned in the order of R, G, B, R, ... in FIG. 1.
[0187] Case B: This is a pattern, in which an output processing period is assigned in the order from a rearward pixel
array group 10 toward a forward pixel array group 10 with respect to the moving direction of the pixel unit 1. In this case,
an output processing period is assigned in the order of B, G, R, B, ... in FIG. 1.
[0188] In the case where Case A is employed, the arrangement interval Ps between the pixel array groups 10 is
expressed by the formula (1); and in the case where Case B is employed, the arrangement interval Ps between the pixel
array groups 10 is expressed by the formula (2).
[0189]

where α s an integer of zero or larger.
[0190] Further, the arrangement interval Ps between N pixel arrays 100 in one pixel array group 10 is expressed by
the formula (3).
[0191]

[0192] Therefore, obtaining Pd/Ps in each of Case A and Case B cancels VH, and formulas (4) and (5) are obtained.
The symbol δt indicates a delay time normalized by the horizontal processing period H, and will be described later in detail.
[0193]

[0194] Accordingly, in Case A, setting the arrangement intervals Pd and Ps to satisfy the relationship as expressed
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by the formula (4) enables to align the exposure start positions of each of the pixel arrays 100 with each other. FIG. 11
Shows a case where M=3, N=2, α=0, and δt=1/2 are substituted in the formula (4), and the arrangement intervals Pd
and Ps are set to satisfy a relationship: Pd=(7/2.5)*Ps.
[0195] Further, in Case B, setting the arrangement intervals Pd and Ps to satisfy the relationship as expressed by the
formula (5) enables to align the exposure start positions of each of the pixel arrays 100 with each other. FIG. 12 shows
a case where M=3, N=2, α=0, and δt=1/2 are substituted in the formula (5), and the arrangement intervals Pd and Ps
are set to satisfy a relationship: Pd=(8/2.5)*Ps.
[0196] Further, FIG. 8 shows a case where M=3, N=2, α=0, and δt=0 are substituted in the formula (4), and the
arrangement intervals Pd and Ps are set to satisfy a relationship: Pd=7Ps/3.
[0197] Next, the formulas (1) and (2) are explained. The symbol Lc indicates an adjustment distance for use in exposing
each of the pixel array groups 10 at the same subject position. In Case A, the output processing period for the pixel
array 100_i+1 is a period after lapse of 1H with respect to the output processing period for the pixel array 100_i. For
instance, referring to FIG. 1, in the case where an output processing period is assigned in the order of R, G, and B, the
output processing period for G pixels is a period after lapse of 1H with respect to the output processing period for R
pixels. Accordingly, in Case A, Lc=V*H is set for exposing each of the pixel array groups at a certain frame.
[0198] Further, in Case B, the output processing period for the pixel array 100_i+1 is a period after lapse of (M-1)*H
with respect to the output processing period for the pixel array 100_i. For instance, referring to FIG. 1, in the case where
an output processing period is assigned in the order of B, G, and R, the output processing period for G pixels is a period
after lapse of 2H with respect to the output processing period for R pixels. Accordingly, in Case B, Lc=V*(M-1)*H is set
for exposing each of the pixel array groups at the same subject position.
[0199] The adjustment distance Lc satisfies a relationship: Ld=N*V*δt+Lc with respect to the length Ld of the interval
region 13 in a vertical direction.
[0200] The distance Lf by which a pixel array group 10 is moved relative to a subject during one frame period T is
expressed by: Lf=V*H*M. Therefore, the arrangement interval Pd between the pixel array groups 10 can be expressed
by the following formula.
[0201]

where β is an additional space to be provided between pixel array groups different from each other, and should be a
multiple number of the moving distance of a pixel array group 10 during one frame period T. In view of the above, β
satisfies a relationship: β=V*H*M* α, where α is an integer of zero or larger.
[0202] Substituting LF=V*H*M, Lc=V*H (Case A), or V*(M-1)*H (case B), and β=V*H*M* α in the formula:
Pd=Lf3N+Lc+β yields the formulas (1) and (2).
[0203] Next, the formula (3) is explained. It is necessary to align the exposure start position of the pixel array 100_N
and the exposure start position of the pixel array 100_N-1 with each other for aligning the exposure start positions of N
pixel arrays 100 constituting one pixel array group 10 with each other.
[0204] In the case where the moving distance during one frame period T and the arrangement interval Ps are equal
to each other in the pixel arrays 100_1 through 100_N, setting the readout timings of pixel signals to be outputted from
the pixel arrays 100_1 through 100_N to coincide with each other during a horizontal processing period H enables to
align the exposure start positions of each of the pixel arrays 100 with each other.
[0205] In this embodiment, however, the output timings of pixel signals to be outputted from each of the pixel arrays
100 differ from each other during a horizontal processing period H. As a result, as shown in FIG. 7, the exposure start
positions of each of the pixel arrays 100 may be slightly displaced from each other. In view of the above, in this embodiment,
the arrangement interval Ps is set to such a value as to cancel such a slight displacement.
[0206] Specifically, the arrangement interval Ps is defined by the following formula.
[0207]

[0208] For instance, as shown in FIG. 3, in the case where M=3, the exposure start timing of the pixel array 100_N is
t4, and the exposure start timing of the pixel array 100_N-1 is δT with respect to the timing t1 as a reference; and the
time duration from the timing t1 to the timing t4 is 3H. Accordingly, Ps=V*(3H-δT).
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[0209] In this example, setting δT= δt*H yields the formula (3). If δT>1H, a processing for the next pixel array group
may be started. In view of the above, δT never delays over 1H. Therefore, δt<1.
[0210] Next, the delay frame number Dd representing deviation in the frame number during a readout period at the
same subject position is explained. The delay frame number Dd is expressed by the formula (6) in Case A, and is
expressed by the formula (7) in Case B.
[0211]

[0212] Now, let us consider the delay frame number Dd’ in the case where N=1 and α=0. In Case A, the assignment
order of an output processing period is started from a forward pixel array group 10 with respect to the moving direction
of the pixel unit 1. Accordingly, it is possible to obtain pixel signals at the same subject position after lapse of one frame
period T. Thus, Dd’ (Case A)=1 [frame].
[0213] On the other hand, in Case B, the assignment order of an output processing period is started from a rearward
pixel array group 10 with respect to the moving direction of the pixel unit 1. Accordingly, it is possible to obtain pixel
signals at the same subject position after lapse of two frame periods 2T. Thus, Dd’ (Case B)=2 [frame].
[0214] Next, let us consider the delay frame number Dd in the case where N pixel arrays are provided and α≠0. In
this case, there exist N pixel arrays 100, and an additional space to be defined by α is provided. Accordingly, the delay
frame number Dd is expressed by the following formula.
[0215]

[0216] Therefore, in Case A, Dd is expressed by the formula (6), and in Case B, Dd is expressed by the formula (7).
[0217] The aforementioned image pickup device may have the following configuration.
[0218] (1) The image memory 8 shown in FIG. 1 may be provided inside of the solid-state image pickup device or may
be provided outside of the solid-state image pickup device. Further, the image memory 8 may preferably have at least
a capacity of storing pixel data corresponding to plural pixel arrays to be outputted during a period corresponding to the
delay frame number DdxM so as to read out pixel signals at the same subject position.
[0219] (2) The readout section 20 is not limited to the one shown in FIG. 1. Alternatively, the readout section 20 may
be configured of an element for outputting an analog pixel signal without A/D conversion. In the modification, it is not
necessary to provide an A/D converter 60 in the readout section 20. Further, in the modification, an analog memory may
be used in place of the latch section 70. Further alternatively, the amplifier 30 may be omitted from the readout section 20.
[0220] (3) The adder 50 sums up pixel signals. The invention is not limited to the above. Alternatively, a summation
and averaging processing may be performed. Further alternatively, a weight coefficient may be set with respect to each
of pixel signals for performing weighted summation. Further alternatively, these processings may be performed in a
digital manner or in an analog manner.
[0221] (4) The third processing S3 may be executed before the second processing S2 is executed and after the first
processing S1 is ended. In the modification, since the number of signal holding portions 41 increases, it is preferable to
execute the third processing S3 after the second processing S2 is ended in the aspect of reducing the number of signal
holding portions 41.
[0222] (5) In this embodiment, the pixel unit 1 is constituted of three pixel array groups 10 i.e. R, G, and B pixel array
groups. Alternatively, the pixel unit I may be constituted of four pixel array groups i.e. R, G, B, and Ir (infrared) pixel array
groups. The pixel unit I is not limited to color pixel array groups. Alternatively, for instance, pixel array groups 10 different
from each other may be constituted of e.g. two pixel array groups 10 having different sensitivities from each other, and
each of the pixel array groups 10 may be constituted of monochromatic N pixel arrays.
[0223] (6) In FIG. 1, a pixel array 100 is configured in such a manner that pixels GE are linearly arranged in a horizontal
direction. Alternatively, for instance, the pixels GE may be arranged in a zigzag manner in a horizontal direction. With
the above modification, it is possible to configure a pixel array 100 having a pseudo honeycomb structure.
[0224] (7) The pixel circuit GC is constituted of a four-transistor type pixel circuit having a transfer transistor TQ.
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Alternatively, for instance, the pixel circuit GC may be constituted of a a three-transistor type pixel circuit without a
transfer transistor TQ.
[0225] (8) The output control section 5 may perform TDI for pixel arrays of a variable number. In the case where the
number of pixel arrays for TDI is set to "k", the output control section 5 may use "k" pixel arrays 100 in each of the pixel
array groups in the order from the pixel array 100_N toward a forward pixel array.
[0226] The following is a summary of the technical features of the aforementioned solid-state image pickup device
and the like.
[0227] (1) The solid-state image pickup device is a solid-state image pickup device including a pixel unit which is
movable relative to a subject in a vertical direction at a predetermined moving speed, the pixel unit including M (where
M is an integer of one or larger) pixel array group(s) arranged in the vertical direction, each pixel array group being
constituted of N (where N is an integer of two or larger) pixel arrays, and each of the pixel arrays being constituted of
pixels aligned in a horizontal direction orthogonal to the vertical direction; readout sections which are provided in corre-
spondence to columns of the pixel unit arranged in the horizontal direction, each of the readout sections being provided
in common for each of the columns to read out pixel signals outputted from each pixel array; and an output control
section which selects each one of the pixel array groups in a predetermined order, selects each one or the pixel arrays
in the selected pixel array group in a predetermined order, causes the readout sections to read out, as pixel signals of
a current frame, pixel signals of one frame obtained by exposing the last pixel array in the selected pixel array group,
and causes the readout sections to read out, as pixel signals of a previous frame, pixel signals of one frame obtained
by exposing the pixel arrays in the forward of the last pixel array with respect to the moving direction of the pixel unit in
the selected pixel array group. Each of the readout sections includes: a signal holding portion which holds a pixel signal
of the previous frame; and an adder which sums up the pixel signal of the current frame, and the pixel signal of the
previous frame which is in the same pixel array group and is for the same subject position as the current frame among
the respective pixel signals of the previous frames held in the signal holding portion.
[0228] Further, a driving method for the solid-state image pickup device is a driving method for a solid-state image
pickup device provided with a pixel unit which is movable relative to a subject in a vertical direction at a predetermined
moving speed, the pixel unit including M (where M is an integer of one or larger) pixel array group(s) arranged in the
vertical direction, each pixel array group being constituted of N (where N is an integer of two or larger) pixel arrays, and
each of the pixel arrays being constituted of pixels aligned in a horizontal direction orthogonal to the vertical direction,
readout sections which are provided in correspondence to columns of the pixel unit arranged in the horizontal direction,
each of the readout sections being provided in common for each of the columns to read out pixel signals from each pixel
array, and an output control section which selects each one of the pixel array groups in a predetermined order, selects
each one of the pixel arrays in the selected pixel array group in a predetermined order, causes the readout sections to
read out, as pixel signals of a current frame, pixel signals to be outputted from the last pixel array in the selected pixel
array group, and causes the readout sections to read out, as pixel signals of a previous frame, pixel signals in the pixel
arrays in the forward of the last pixel array with respect to the moving direction of the pixel unit in the selected pixel array
group, each of the readout sections including a signal holding portion and an adder. The method includes a step of
holding a pixel signal of the previous frame in the signal holding portion; and a step of summing up, by the adder, the
pixel signal of the current frame, and the pixel signal of the previous frame which is in the same pixel array group and
is for the same subject position as the current frame among the respective pixel signals of the previous frames held in
the signal holding portion.
[0229] With the above configurations, the pixel unit is provided with M pixel array groups. Each of the pixel array groups
is constituted of N pixel arrays. In this way, the pixel unit is configured in such a manner that pixels are arranged in a
matrix. The pixel unit is movable relative to the subject in the vertical direction at the predetermined moving speed. The
readout sections are provided in correspondence to the columns of the pixel unit, which is composed of the matrix-ar-
ranged pixels, in the horizontal direction. In other words, assuming that the pixel unit is composed of L columns arranged
in the horizontal direction, L readout sections are provided.
[0230] The output control section selects each one of the pixel array groups in the predetermined order, and causes
the readout sections to read out, as pixel signals of a current frame, pixel signals of one frame obtained by exposing the
last pixel array in the selected pixel array group. The readout pixel signal of the current frame is summed up with the
pixel signal of the previous frame which is in the same pixel array group and is for the same subject position as the
previous frame.
[0231] With the above configuration, the solid-state image pickup device which is configured not to require transfer of
signal charges between pixels can perform TDI.
[0232] Here, the same pixel array group means the same pixel array group as the pixel array group constituting the
last pixel array that has outputted pixel signals of the current frame. Further, the same subject position means identical
positions in the subject. However, the positions may not necessarily and completely identical to each other, but may be
displaced from each other to some extent.
[0233] Further, the last pixel array may be changed as necessary in accordance with the number of pixel arrays for
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which TDI is performed, such as the N-th pixel array, or one of the second pixel array through the (N-1)-th pixel array
among N pixel arrays.
[0234] (2) Preferably, the N pixel arrays may be sequentially arranged in the vertical direction. With the above config-
uration, N pixel arrays constituting one pixel array group are arranged in a group in the vertical direction. This enables
to simplify the pixel signal readout processing in performing TDI.
[0235] (3) Preferably, each of the readout sections may include M signal holding portion groups in correspondence to
the M pixel array groups, each of the signal holding portion groups may include at least (N-1) signal holding portions,
and the output control section may cause the signal holding portion in the corresponding signal holding portion group
to hold the pixel signal of the previous frame.
[0236] With the above configuration, M signal holding portion groups are provided in correspondence to M pixel array
groups, respectively. Accordingly, the adder can easily specify a signal holding portion which holds the pixel signal of
the previous frame corresponding to the pixel signal of the current frame. Further, since each of the signal holding portion
groups is provided with at least (N-1) signal holding portions, it is possible to perform TDI for N pixel arrays.
[0237] (4) Preferably, the adder may perform a summation processing, or a summation and averaging processing.
[0238] In the case where the adder performs the summation and averaging processing, it is possible to further enhance
the S/N ratio by TDI. In the case where the adder performs the summation processing, it is possible to simplify the circuit
configuration of the adder.
[0239] (5) Preferably, each of the readout portions may include an amplifier which amplifies a pixel signal outputted
from the pixel unit, and outputs the amplified pixel signal to the signal holding portion; and a feedback loop which feeds
back the pixel signal held in the signal holding portion to the amplifier, wherein the output control section supplies to the
amplifier a pixel signal which in the same pixel array group and is for the same subject position as the current frame via
the feedback loop, and causes the amplifier to sum up the pixel signal of the current frame outputted from the pixel unit
and the pixel signal supplied via the feedback loop, whereby the amplifier functions as the adder.
[0240] With the above configuration, providing the amplifier with the function of the adder is advantageous in eliminating
the need of providing an adder in addition to an amplifier. This is advantageous in reducing the circuit scale of the readout
section.
[0241] (6) Preferably, the output control section may be operable to set the number of the pixel arrays to be selected
variable in each of the pixel array groups.
[0242] With the above configuration, since the number of the pixel arrays to be selected is set variable in each of the
pixel array groups, it is possible to change the number of pixel arrays for TDI, as necessary. This is advantageous in
setting the sensitivity variable. Thus, a proper sensitivity can be set depending on an image pickup condition e.g. by
setting the number of pixel arrays for TDI small in the case where the subject is exposed in a bright condition, and by
setting the number of pixel arrays for TDI large in the case where the subject is exposed in a dark condition.
[0243] (7) Preferably, the output control section may sequentially select each one of the pixel array groups in the order
from a forward pixel array group toward a rearward pixel array group with respect to the moving direction of the pixel
unit, and the pixel unit may satisfy the following relationship: 

where

Pd is an arrangement interval between M pixel array groups in the vertical direction,
Ps is an arrangement interval between pixel arrays constituting each of the pixel array groups in the vertical direction,
and
α is an integer of zero or larger.

[0244] With the above configuration, in the case where the order of selecting each pixel array group is the order from
the forwarding pixel array group toward the rearward pixel array group with respect to the moving direction of the pixel
unit, it is possible to expose the pixel array groups different from each other at the same subject position.
[0245] (8) Preferably, the output control section may sequentially select each one of the pixel array groups in the order
from a rearward pixel array group toward a forward pixel array group with respect to the moving direction of the pixel
unit, and the pixel unit may satisfy the following relationship: 
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where

Pd is an arrangement interval between M pixel array groups in the vertical direction,
Ps is an arrangement interval between pixel arrays constituting each of the pixel array groups in the vertical direction,
and
a is an integer of zero or larger.

[0246] With the above configuration, in the case where the order of selecting each pixel array group is the order from
the rearward pixel array group toward the forward pixel array group with respect to the moving direction of the pixel unit,
it is possible to expose the pixel array groups different from each other at the same subject position.
[0247] (9) Preferably, the output control section may sequentially select each one of the pixel array groups in the order
from a forward pixel array group toward a rearward pixel array group with respect to the moving direction of the pixel
unit, and after selecting the last pixel array, sequentially selects each one of the pixel arrays other than the last pixel
array at an interval of a predetermined delay time, and the pixel unit may satisfy the following relationship: 

where

Pd is an arrangement interval between M pixel array groups in the vertical direction,
Ps is an arrangement interval between N pixel arrays constituting each of the pixel array groups in the vertical direction,
α is an integer of zero or larger, and
δt is the delay time.

[0248] With the above configuration, in the case where the order of selecting each pixel array group is the order from
the forward pixel array group toward the rearward pixel array group with respect to the moving direction of the pixel unit,
it is possible to expose the pixel arrays constituting one pixel array group at the same subject position.
[0249] (10) Preferably, the output control section may sequentially select each one the pixel array groups in the order
from a rearward pixel array group toward a forward pixel array group with respect to the moving direction of the pixel
unit, and after selecting the last pixel array, sequentially selects each one of the pixel arrays other than the last pixel
array at an interval of a predetermined delay time, and the pixel unit may satisfy the following relationship: 

where

Pd is an arrangement interval between M pixel array groups in the vertical direction,
Ps is an arrangement interval between N pixel arrays constituting each of the pixel array groups in the vertical direction,
α is an integer of zero or larger, and
δt is the delay time.

[0250] With the above configuration, in the case where the order of selecting each pixel array group is the order from
the rearward pixel array group toward the forward pixel array group with respect to the moving direction of the pixel unit,
it is possible to expose the pixel arrays constituting one pixel array group at the same subject position.
[0251] (11) Preferably, each of the pixels may be constituted of a photoelectric conversion section and a pixel circuit,
the pixel circuit may include a floating diffusion which converts a signal charge accumulated in the photoelectric conversion
section into a voltage signal, a transfer transistor which transfers the signal charge accumulated in the photoelectric
conversion section to the floating diffusion, and a reset transistor which resets the floating diffusion, and at least a part
of circuit elements of the pixel circuit may be disposed between different pixel array groups among the pixel array groups.
[0252] With the above configuration, it is possible to increase the area ratio of the photoelectric conversion section in
the pixel array, as compared with an arrangement, in which all the circuit elements of a pixel circuit are disposed in a
light receiving region of a pixel array. This is advantageous in enhancing the sensitivity.
[0253] (12) Preferably, at least parts of the circuit elements of the pixel circuits in a pair of pixels which are symmetrical
arranged in two pixel arrays which are disposed as opposed to each other with respect to a boundary between the
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different pixel array groups, may be specularly arranged with respect to the boundary.
[0254] With the above configuration, in the case where each of the pixel array groups is constituted of two pixel arrays,
where N=2, for instance, it is possible to increase the area ratio of the photoelectric conversion section in each of the
pixels. This is advantageous in enhancing the sensitivity. Further, since the parts of the circuit elements are specularly
arranged, the above arrangement is advantageous in miniaturization.
[0255] (13) Preferably, the pair of pixels may be configured in such a manner that at least the parts of the circuit
elements of the pixel circuits are shared with each other, and the shared parts of the circuit elements may be disposed
in the boundary.
[0256] With the above configuration, since the shared circuit elements are disposed in the boundary, it is possible to
increase the area ratio of the photoelectric conversion section in the pixel array. This is advantageous in enhancing the
sensitivity, and is also advantageous in miniaturization.
[0257] (14) Preferably, the output control section may select each one of the pixel array groups by sequentially assigning
an output processing period to each pixel array group at an interval of one horizontal processing period, the one horizontal
processing period being obtained by dividing one frame period into M, the one frame period being a period when the
pixel array is moved in the vertical direction by a predetermined distance. In the case where the output processing period
is assigned to certain pixel array group as a target pixel array group, the output control section may execute a first
processing of causing the last pixel array in the target pixel array group to output a pixel signal of the current frame. In
the case where the output processing period is assigned to the target pixel array group in the past, the output control
section may execute a second processing of causing the adder to sum up the pixel signal of the current frame, and the
pixel signal of the previous frame which is held in the signal holding portion and is for the same subject position as the
current frame. The output control section may execute a third processing of causing the pixel arrays other than the last
pixel array in the target pixel array group to sequentially output a pixel signal of the previous frame, and causing the
signal holding portion to hold the pixel signal of the previous frame.
[0258] With the above configuration, each one of the pixel array groups is selected at an interval of the one horizontal
processing period obtained by dividing the one frame period into M. The one frame period is a period when one pixel
array is moved by the predetermined distance. Assuming that M=3, for instance, the one horizontal processing period
is one-third of the one frame period.
[0259] In the case where a certain pixel array group is selected as a target pixel array group, the pixel signal of the
current frame is read out from the last pixel array to the readout section, and is inputted to the adder in the readout
section (first processing). The pixel signal of the current frame inputted to the adder is summed up with the pixel signal
of the previous frame which is held in the signal holding portion and is for the same subject position as the current frame
in the case where the target pixel array group is selected in the past (second processing).
[0260] When the second processing is ended, the pixel signals of the previous frame are sequentially outputted from
the pixel arrays other than the last pixel array, and held in the signal holding portion (third processing).
[0261] Here, let us assume that N pixel arrays constituting the target pixel array group are the first pixel array through
the N-th pixel array, and the last pixel array is the N-th pixel array. A pixel signal Vt_N which is outputted from the N-th
pixel array as the last pixel array at this time (t) is a pixel signal obtained at the same subject position as pixel signals
Vt-1_(N-1), Vt-2_(N-2), Vt-3_(N-3), ... , which are outputted from the (N-1)-th pixel array, the (N-2)-th pixel array, and
the (N-3)-th pixel array in the case where the target pixel array group is selected at a last time (t), a last time (t-1), a time
(t-2) before the last time, ....
[0262] Accordingly, in the second processing, it is possible to perform TDI by reading out, from the signal holding
portion, the pixel signal Vt-1_(N-1), Vt-2_(N-2), Vt-3_(N-3), ... , and by causing the adder to sum up the corresponding
readout pixel signal and the inputted pixel signal Vt_N.
[0263] Further, since the other pixel array groups are processed in the same manner as described above, as the target
pixel array group, it is possible to perform TDI for all the pixel array groups. Accordingly, with the above configuration,
unlike a CMOS solid-state image pickup device in which transfer of pixel signals between pixels is performed, it is
possible to perform TDI for each pixel array group, even in a solid-state image pickup device provided with readout
sections common for the pixel arrays.
[0264] (15) An image pickup apparatus according to another aspect of the invention is provided with the solid-state
image pickup device having one of the aforementioned configurations, and a control section which controls the solid-
state image pickup device.
[0265] With the above configuration, it is possible to implement an image pickup apparatus provided with the solid-state
image pickup device having one of the aforementioned configurations.
[0266] (16) Preferably, the image pickup apparatus may further include a horizontal scanning circuit which sequentially
outputs a pixel signal outputted from each of the readout sections in the order from a forward readout section toward a
rearward readout section with respect to the horizontal direction; and an image memory which stores the pixel signals
sequentially outputted from the readout sections by the amount corresponding to plural frames, wherein the image
memory is included in the solid-state image pickup device or in the control section.
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[0267] With the above configuration, since the image pickup apparatus is provided with the image memory capable
of storing pixel signals corresponding to plural frames, it is possible to implement image processing with use of the pixel
signals obtained at the same subject position in all the pixel array groups by storing, in the image memory, the pixel
signals in all the pixel array groups obtained at the same subject position, which are outputted at different timings because
the pixel array groups are pixel array groups different from each other.

Claims

1. A solid-state image pickup device comprising:

a pixel unit which is movable relative to a subject at a predetermined moving speed in a vertical direction, the
pixel unit including M (where M is an integer of one or larger) pixel array group(s) arranged in the vertical
direction, each pixel array group being constituted of N (where N is an integer of two or larger) pixel arrays, and
each of the pixel arrays being constituted of pixels aligned in a horizontal direction orthogonal to the vertical
direction;
readout sections which are provided in correspondence to columns of the pixel unit arranged in the horizontal
direction, each of the readout sections being provided in common for each of the columns to read out pixel
signals outputted from each pixel array; and
an output control section which selects each one of the pixel array groups in a predetermined order, selects
each one of the pixel arrays in the selected pixel array group in a predetermined order, causes the readout
sections to read out, as pixel signals of a current frame, pixel signals of one frame obtained by exposing the
last pixel array in the selected pixel array group, and causes the readout sections to read out, as pixel signals
of a previous frame, pixel signals of one frame obtained by exposing the pixel arrays in the forward of the last
pixel array with respect to the moving direction of the pixel unit in the selected pixel array group,
each of the readout sections including:

a signal holding portion which holds a pixel signal of the previous frame; and
an adder which sums up the pixel signal of the current frame, and the pixel signal of the previous frame
which is in the same pixel array group and is for the same subject position as the current frame among the
respective pixel signals of the previous frames held in the signal holding portion.

2. The solid-state image pickup device according to claim 1, wherein
the N pixel arrays are sequentially arranged in the vertical direction.

3. The solid-state image pickup device according to claim 1, wherein
each of the readout sections includes M signal holding portion groups in correspondence to the M pixel array groups,
each of the signal holding portion groups includes at least (N-1) signal holding portions, and
the output control section causes the signal holding portion in the corresponding signal holding portion group to hold
the pixel signal of the previous frame.

4. The solid-state image pickup device according to claim 1, wherein
the adder performs a summation processing, or a summation and averaging processing.

5. The solid-state image pickup device according to claim 1, wherein
each of the readout portions includes:

an amplifier which amplifies a pixel signal outputted from the pixel unit, and outputs the amplified pixel signal
to the signal holding portion; and
a feedback loop which feeds back the pixel signal held in the signal holding portion to the amplifier, wherein

the output control section supplies to the amplifier a pixel signal which is in the same pixel array group and is for
the same subject position as the current frame via the feedback loop, and causes the amplifier to sum up the pixel
signal of the current frame outputted from the pixel unit and the pixel signal supplied via the feedback loop, whereby
the amplifier functions as the adder.

6. The solid-state image pickup device according to claim 1, wherein
the output control section is operable to set the number of the pixel arrays to be selected variable in each of the
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pixel array groups.

7. The solid-state image pickup device according to claim 1, wherein
the output control section sequentially selects each one of the pixel array groups in the order from a forward pixel
array group toward a rearward pixel array group with respect to the moving direction of the pixel unit, and
the pixel unit satisfies the following relationship: 

where

Pd is an arrangement interval between M pixel array groups in the vertical direction,
Ps is an arrangement interval between pixel arrays constituting each of the pixel array groups in the vertical
direction, and
α is an integer of zero or larger.

8. The solid-state image pickup device according to claim 1, wherein
the output control section sequentially selects each one of the pixel array groups in the order from a rearward pixel
array group toward a forward pixel array group with respect to the moving direction of the pixel unit, and
the pixel unit satisfies the following relationship: 

where

Pd is an arrangement interval between M pixel array groups in the vertical direction,
Ps is an arrangement interval between pixel arrays constituting each of the pixel array groups in the vertical
direction, and
α is an integer of zero or larger.

9. The solid-state image pickup device according to claim 1, wherein
the output control section sequentially selects each one of the pixel array groups in the order from a forward pixel
array group toward a rearward pixel array group with respect to the moving direction of the pixel unit, and after
selecting the last pixel array, sequentially selects each one of the pixel arrays other than the last pixel array at an
interval of a predetermined delay time, and
the pixel unit satisfies the following relationship: 

where

Pd is an arrangement interval between M pixel array groups in the vertical direction,
Ps is an arrangement interval between N pixel arrays constituting each of the pixel array groups in the vertical
direction,
α is an integer of zero or larger, and
δt is the delay time.

10. The solid-state image pickup device according to claim 1, wherein
the output control section sequentially selects each one the pixel array groups in the order from a rearward pixel
array group toward a forward pixel array group with respect to the moving direction of the pixel unit, and after selecting
the last pixel array, sequentially selects each one of the pixel arrays other than the last pixel array at an interval of
a predetermined delay time, and
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the pixel unit satisfies the following relationship:

where

Pd is an arrangement interval between M pixel array groups in the vertical direction,
Ps is an arrangement interval between N pixel arrays constituting each of the pixel array groups in the vertical
direction,
α is an integer of zero or larger, and
δt is the delay time.

11. The solid-state image pickup device according to claim 1, wherein
each of the pixels is constituted of a photoelectric conversion section and a pixel circuit,
the pixel circuit includes a floating diffusion which converts a signal charge accumulated in the photoelectric con-
version section into a voltage signal, a transfer transistor which transfers the signal charge accumulated in the
photoelectric conversion section to the floating diffusion, and a reset transistor which resets the floating diffusion, and
at least a part of circuit elements of the pixel circuit is disposed between different pixel array groups among the pixel
array groups.

12. The solid-state image pickup device according to claim 11, wherein
at least parts of the circuit elements of the pixel circuits in a pair of pixels which are symmetrical arranged in two
pixel arrays which are disposed as opposed to each other with respect to a boundary between the different pixel
array groups, are specularly arranged with respect to the boundary.

13. The solid-state image pickup device according to claim 12, wherein
the pair of pixels are configured in such a manner that at least the parts of the circuit elements of the pixel circuits
are shared with each other, and
the shared parts of the circuit elements are disposed in the boundary.

14. The solid-state image pickup device according to claim 1, wherein
the output control section selects each one of the pixel array groups by sequentially assigning an output processing
period to each pixel array group at an interval of one horizontal processing period, the one horizontal processing
period being obtained by dividing one frame period into M, the one frame period being a period when the pixel array
is moved in the vertical direction by a predetermined distance,
in the case where the output processing period is assigned to a certain pixel array group as a target pixel array
group, the output control section executes a first processing of causing the last pixel array in the target pixel array
group to output a pixel signal of the current frame,
in the case where the output processing period is assigned to the target pixel array group in the past, the output
control section executes a second processing of causing the adder to sum up the pixel signal of the current frame,
and the pixel signal of the previous frame which is held in the signal holding portion and is for the same subject
position as the current frame, and
the output control section executes a third processing of causing the pixel arrays other than the last pixel array in
the target pixel array group to sequentially output a pixel signal of the previous frame, and causing the signal holding
portion to hold the pixel signal of the previous frame.

15. An image pickup apparatus comprising:

the solid-state image pickup device of claim 1, and
a control section which controls the solid-state image pickup device.

16. The image pickup apparatus according to claim 15, further comprising:

a horizontal scanning circuit which sequentially outputs a pixel signal outputted from each of the readout sections
in the order from a forward readout section toward a rearward readout section with respect to the horizontal
direction; and
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an image memory which stores the pixel signals sequentially outputted from the readout sections by the amount
corresponding to plural frames, wherein
the image memory is included in the solid-state image pickup device or in the control section.

17. A driving method for a solid-state image pickup device provided with
a pixel unit which is movable relative to a subject at a predetermined moving speed in a vertical direction, the pixel
unit including M (where M is an integer of one or larger) pixel array group(s) arranged in the vertical direction, each
pixel array group being constituted of N (where N is an integer of two or larger) pixel arrays, and each of the pixel
arrays being constituted of pixels aligned in a horizontal direction orthogonal to the vertical direction,
readout sections which are provided in correspondence to columns of the pixel unit arranged in the horizontal
direction, each of the readout sections being provided in common for each of the columns to read out pixel signals
from each pixel array, and
an output control section which selects each one of the pixel array groups in a predetermined order, selects each
one of the pixel arrays in the selected pixel array group in a predetermined order, causes the readout sections to
read out, as pixel signals of a current frame, pixel signals to be outputted from the last pixel array in the selected
pixel array group, and causes the readout sections to read out, as pixel signals of a previous frame, pixel signals
in the pixel arrays in the forward of the last pixel array with respect to the moving direction of the pixel unit in the
selected pixel array group,
each of the readout sections including a signal holding portion and an adder,
the method comprising:

a step of holding a pixel signal of the previous frame in the signal holding portion; and
a step of summing up, by the adder, the pixel signal of the current frame, and the pixel signal of the previous
frame which is in the same pixel array group and is for the same subject position as the current frame among
the respective pixel signals of the previous frames held in the signal holding portion.
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