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SOLID-STATE IMAGING DEVICE, METHOD
FOR DRIVING SOLID-STATE IMAGING
DEVICE, AND ELECTRONIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a solid-state imag-
ing device, a method for driving a solid-state imaging
device, and an electronic apparatus.

BACKGROUND

[0002] Solid-state imaging device (image sensors) includ-
ing photoelectric conversion elements for detecting light and
generating charges are embodied as CMOS (complementary
metal oxide semiconductor) image sensors, which have been
in practical use. The CMOS image sensors have been widely
applied as parts of various types of electronic apparatuses
such as digital cameras, video cameras, surveillance cam-
eras, medical endoscopes, personal computers (PCs), mobile
phones and other portable terminals (mobile devices).

[0003] The CMOS image sensor includes, for each pixel,
a photodiode (a photoelectric conversion element) and a
floating diffusion (FD) amplifier having a floating diffusion
(FD). The mainstream design of the reading operation in the
CMOS image sensor is a column parallel output processing
of'selecting one of the rows in the pixel array and reading the
pixels in the selected row simultaneously in the column
output direction.

[0004] Here, the CMOS image sensor may sequentially
scan the pixels or rows one-by-one to read the charges
generated by photoelectric conversion and stored in the
photo-diodes. When such sequential scan is employed, in
other words, a rolling shutter is employed as the electronic
shutter, it is not possible to start and end the exposure for
storing the charges produced by photoelectric conversion at
the same time in all of the pixels. Therefore, the sequential
scan has such a problem that, when a moving object is
imaged, a captured image may experience distortion.

[0005] To address this problem, a global shutter is
employed as the electronic shutter in a case where image
distortion is not acceptable, for example, for the purposes of
imaging a fast-moving object and sensing that requires
simultaneity among the captured images. When the global
shutter is employed, the exposure can be started and ended
at the same timing in all of the pixels of the pixel array part.

[0006] In a CMOS image sensor employing a global
shutter as the electronic shutter, a pixel has therein a signal
retaining part for retaining, in a sample-and-hold capacitor,
a signal that is read out from a photoelectric conversion
reading part, for example. The CMOS image sensor employ-
ing a global shutter stores the charges from the photodiodes
in the sample-and-hold capacitors of the signal retaining
parts at the same time in the form of voltage signals and
subsequently sequentially read the voltage signals. In this
way, the simultaneity is reliably achieved among the images
(see, for example, Non-patent Literature 1).

[0007] Furthermore, the stacked CMOS image sensor dis-
closed in Non-patent Literature 1 has a stacked structure in
which a first substrate (a pixel die) and a second substrate
(an ASIC die) are connected through micropumps (connect-
ing parts). The first substrate has photoelectric conversion
reading parts for individual pixels formed therein, and the
second substrate has signal retaining parts for the individual

May 13, 2021

pixels, signal lines, a vertical scanning circuit, a horizontal
scanning circuit, a column reading circuit and the like
formed therein.

RELEVANT REFERENCES

List of Relevant Non-Patent Literature

[0008] [Non-patent Literature 1] J. Aoki, et al., “A Roll-
ing-Shutter Distortion-Free 3D Stacked Image Sensor
with —160 dB Parasitic Light Sensitivity In-Pixel Storage
Node” ISSCC 2013/SESSION 27/IMAGE SENSORS/27.
3.

[0009] [Non-patent Literature 2] “A 3D stacked CMOS
image sensor with 16 Mpixel global-shutter mode using 4
million interconnections”, Toru Kondo, Yoshiaki
Takemoto, Kenji Kobayashi, Mitsuhiro Tsukimura, Nao-
hiro Takazawa, Hideki Kato, Shunsuke Suzuki, Jun Aoki,
Haruhisa Saito, Yuichi Gomi, Seisuke Matsuda, and
Yoshitaka Tadaki.

[0010] [Non-patent Literature 3] “A CMOS Active Pixel
Image Sensor with In-pixel CDS for High-Speed Cam-
eras”, Toru INOUE and Shinji TAKEUCHI, Shoji
KAWAHITO, Proc. SPIE 5301, Sensors and Camera
Systems for Scientific, Industrial, and Digital Photogra-
phy Applications V, 250 (Jun. 7, 2004)

SUMMARY

[0011] A voltage-mode global shutter is designed to per-
form correlated double sampling (CDS) at a location neigh-
boring a photoelectric conversion part and thus capable of
realizing high shutter efficiency (SRR) or parasitic light
sensitivity (PLS) more easily than a conventional charge-
mode global shutter. In addition, the chip stacking technique
enables the sampling part and the photoelectric converting
part to be provided in different dies, which can accomplish
complete light blocking.

[0012] Accordingly, even if very intense light, for
example, sun light enters, the PLS can be lowered to =160
dB, which hardly affects the image obtained immediately
before the entrance by sampling. This advantage indicates
that the above-described pixel-related techniques are prom-
ising to be applied to machine-vision cameras, which
requires stable images to be acquired even with extreme
fluctuation in lighting such as ITS.

[0013] In a stacked global-shutter CMOS image sensor,
sampling circuits are mounted immediately below the pixels
that include photoelectric converting parts. To sample volt-
age, a large capacitance and a switching transistor are
required. A transistor for outputting the sampled voltage is
also required. The sampling generates noise voltage, which
is inversely proportional to the square root of the sampling
capacitance. To achieve reduced noise, it is essentially
necessary to implement as large a sampling capacitance as
possible.

[0014] A plurality of types of devices, including a MOS
capacitor, a MIM capacitor, a PIP capacitor, a MOM capaci-
tor and a trench capacitor, are available to implement the
sampling capacitance, but it is generally preferable to con-
stitute the sampling part and the output part of the sampling
circuit with as few transistors as possible.

[0015] Here, as disclosed in Non-patent Literature 3, there
are two different ways to perform CDS. The first way uses
the AC coupling technique to process the difference between
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the pixel reset voltage and the optical signal voltage in the
sampling circuit and save the result. The AC coupling
technique, which is mentioned in the Non-patent Literature
3, can be implemented using an output part having the same
configuration as in the conventional 4T-APS pixel and thus
requires a reduced number of transistors. Due to the effects
of the charge sharing, however, the transfer function gain of
the sampling circuit may fall below 0.5 or be approximately
0.8 when different configurations are employed depending
on the parasitic capacitance. This disadvantageously
increases the input conversion noise very much.

[0016] The second way uses the double sampling tech-
nique. According to the double sampling, the difference
processing is performed in the column circuit. This neces-
sitates an output part in each sampling capacitor as disclosed
in Non-patent Literature 2 and thus tends to increase the
number of transistors. Nevertheless, no charge sharing
occurs, and no signal amplitude loss thus occurs in the
sampling circuit. When compared with the AC coupling
technique, the pixel sensitivity can be maintained at a
relatively higher level and the input conversion noise can be
reduced.

[0017] The objective of the present invention is to provide
a solid-state imaging device, a method for driving a solid-
state imaging device and an electronic apparatus that are
capable of achieving the reduced increase in number of
transistors, preventing the occurrence of signal amplitude
loss in the sampling parts, maintaining high pixel sensitivity
and reducing input conversion noise.

[0018] A first aspect of the present invention provides a
solid-state imaging device including a pixel part having a
pixel arranged therein, where the pixel includes a photo-
electric conversion reading part and a signal retaining part,
a reading part for reading a pixel signal from the pixel part,
and a signal line to which a retained signal is output from the
signal retaining part. The pixel signal read from the pixel at
least includes a pixel signal including a read-out signal and
a read-out reset signal read from the pixel. The photoelectric
conversion reading part of the pixel at least includes an
output node, a photoelectric conversion element for storing
therein, in a storage period, charges generated by photoelec-
tric conversion, a transfer element for transferring, in a
transfer period, the charges stored in the photoelectric con-
version element, a floating diffusion to which the charges
stored in the photoelectric conversion element are trans-
ferred through the transfer element, a first source follower
element for converting the charges in the floating diffusion
into a voltage signal at a level corresponding to the quantity
of'the charges and outputting the voltage signal to the output
node, and a reset element for resetting, in a reset period, the
floating diffusion to a predetermined potential. The signal
retaining part includes an input node, a retaining node, a first
sampling part including a first sample-and-hold capacitor
and a first switch element, where the first sample-and-hold
capacitor is for retaining the read-out signal output from the
output node of the photoelectric conversion reading part of
the pixel and input into the input node, and the first switch
element is for selectively connecting the first sample-and-
hold capacitor to the retaining node, a second sampling part
including a second sample-and-hold capacitor and a second
switch element, where the second sample-and-hold capaci-
tor is for retaining the read-out reset signal output from the
output node of the photoelectric conversion reading part of
the pixel and input into the input node, and the second switch
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element is for selectively connecting the second sample-
and-hold capacitor to the retaining node, and an output part
including a second source follower element for outputting,
from a source terminal thereof to the signal line, a signal
retained in the first sample-and-hold capacitor and a signal
retained in the second sample-and-hold capacitor at a level
corresponding to a voltage retained in the retaining node.

[0019] A second aspect of the present invention provides
a method for driving a solid-state imaging device. The
solid-state imaging device includes a pixel part having a
pixel arranged therein, where the pixel includes a photo-
electric conversion reading part and a signal retaining part,
a reading part for reading a pixel signal from the pixel part,
and a signal line to which a retained signal is output from the
signal retaining part. The pixel signal read from the pixel at
least includes a pixel signal including a read-out signal and
a read-out reset signal read from the pixel. The photoelectric
conversion reading part of the pixel at least includes an
output node, a photoelectric conversion element for storing
therein, in a storage period, charges generated by photoelec-
tric conversion, a transfer element for transferring, in a
transfer period, the charges stored in the photoelectric con-
version element, a floating diffusion to which the charges
stored in the photoelectric conversion element are trans-
ferred through the transfer element, a first source follower
element for converting the charges in the floating diffusion
into a voltage signal at a level corresponding to the quantity
of the charges and outputting the voltage signal to the output
node, and a reset element for resetting, in a reset period, the
floating diffusion to a predetermined potential. The signal
retaining part includes an input node, a retaining node, a first
sampling part including a first sample-and-hold capacitor
and a first switch element, where the first sample-and-hold
capacitor is for retaining the read-out signal output from the
output node of the photoelectric conversion reading part of
the pixel and input into the input node, and the first switch
element is for selectively connecting the first sample-and-
hold capacitor to the retaining node, a second sampling part
including a second sample-and-hold capacitor and a second
switch element, where the second sample-and-hold capaci-
tor is for retaining the read-out reset signal output from the
output node of the photoelectric conversion reading part of
the pixel and input into the input node, and the second switch
element is for selectively connecting the second sample-
and-hold capacitor to the retaining node, and an output part
including a second source follower element for outputting,
from a source terminal thereof to the signal line, a signal
retained in the first sample-and-hold capacitor and a signal
retained in the second sample-and-hold capacitor at a level
corresponding to a voltage retained in the retaining node.
The solid-state imaging device further includes a power
supply switching part for selectively connecting a drain of
the second source follower element of the signal retaining
part to one of a power supply potential and a reference
potential and a node potential switching part for selectively
setting the retaining node of the signal retaining part to one
of a predetermined voltage level and the reference potential.

[0020] According to the second aspect of the present
invention, when, in the signal retaining part, the input node
and the retaining node are connected to each other, and the
first switch element of the first sampling part and the second
switch element of the second sampling part are connected in
parallel to the retaining node, during a sampling period in
which the pixel signal is read from the pixel, the power



US 2021/0144330 Al

supply switching part keeps the drain of the second source
follower element connected to the reference potential, dur-
ing a first clear period within the sampling period, the node
potential switching part keeps the retaining node set to the
reference potential, and the first switch element of the first
sampling part of the signal retaining part and the second
switch element of the second sampling part are kept in a
conduction state so that the first sample-and-hold capacitor
of the first sampling part of the signal retaining part and the
second sample-and-hold capacitor of the second sampling
part are cleared, in a reset signal reading period, in which the
read-out reset signal is read as the pixel signal from the
pixel, following the first clear period, the second switch
element of the second sampling part is kept in a conduction
state for a predetermined period of time so that the read-out
reset signal is retained in the second sample-and-hold
capacitor, during a second clear period following the reset
signal reading period, the node potential switching part
keeps the retaining node set to the reference potential, and
the first switch element of the first sampling part of the
signal retaining part is kept in a conduction state so that the
first sample-and-hold capacitor of the first sampling part of
the signal retaining part is cleared, and in a signal reading
period, in which the read-out signal is read as the pixel signal
from the pixel, following the second clear period, the first
switch element of the first sampling part is kept in a
conduction state for a predetermined period of time so that
the read-out signal is retained in the first sample-and-hold
capacitor.

[0021] According to the second aspect of the present
invention, when, in the signal retaining part, the first sam-
pling part is connected between the input node and the
retaining node, the second switch element of the second
sampling part is connected to the retaining node, and the first
sample-and-hold capacitor of the first sampling part is
connected to the input node, and the first switch element is
connected between (i) a connecting node between the first
sample-and-hold capacitor and the input node and (ii) the
retaining node, during a sampling period in which the pixel
signal is read from the pixel, the power supply switching
part keeps the drain of the second source follower element
connected to the reference potential, during a first clear
period within the sampling period, the node potential
switching part keeps the retaining node set to the reference
potential, and the first switch element of the first sampling
part of the signal retaining part and the second switch
element of the second sampling part are kept in a conduction
state so that the first sample-and-hold capacitor of the first
sampling part of the signal retaining part and the second
sample-and-hold capacitor of the second sampling part are
cleared, in a reset signal reading period, in which the
read-out reset signal is read as the pixel signal from the
pixel, following the first clear period, while the first switch
element of the first sampling part is kept in a conduction
state, the second switch element of the second sampling part
is kept in a conduction state for a predetermined period of
time so that the read-out reset signal is retained in the second
sample-and-hold capacitor, during a second clear period
following the reset signal reading period, while the second
switch element of the second sampling part is kept in a
non-conduction state, the node potential switching part
keeps the retaining node set to the reference potential, and
the first switch element of the first sampling part of the
signal retaining part is kept in a conduction state so that the
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first sample-and-hold capacitor of the first sampling part of
the signal retaining part is cleared, and during a signal
reading period, in which the read-out signal is read as the
pixel signal from the pixel, following the second clear
period, the first switch element of the first sampling part is
kept in a conduction state for a predetermined period of time
so that the read-out signal is retained in the first sample-
and-hold capacitor.

[0022] A third aspect of the present invention provides an
electronic apparatus including a solid-state imaging device,
and an optical system for forming a subject image on the
solid-state imaging device. The solid-state imaging device
includes a pixel part having a pixel arranged therein, where
the pixel includes a photoelectric conversion reading part
and a signal retaining part, a reading part for reading a pixel
signal from the pixel part, and a signal line to which a
retained signal is output from the signal retaining part. The
pixel signal read from the pixel at least includes a pixel
signal including a read-out signal and a read-out reset signal
read from the pixel. The photoelectric conversion reading
part of the pixel at least includes an output node, a photo-
electric conversion element for storing therein, in a storage
period, charges generated by photoelectric conversion, a
transfer element for transferring, in a transfer period, the
charges stored in the photoelectric conversion clement, a
floating diffusion to which the charges stored in the photo-
electric conversion element are transferred through the
transfer element; a first source follower element for con-
verting the charges in the floating diffusion into a voltage
signal at a level corresponding to the quantity of the charges
and outputting the voltage signal to the output node, and a
reset element for resetting, in a reset period, the floating
diffusion to a predetermined potential. The signal retaining
part includes an input node, an retaining node, a first
sampling part including a first sample-and-hold capacitor
and a first switch element, where the first sample-and-hold
capacitor is for retaining the read-out signal output from the
output node of the photoelectric conversion reading part of
the pixel and input into the input node, and the first switch
element is for selectively connecting the first sample-and-
hold capacitor to the retaining node, a second sampling part
including a second sample-and-hold capacitor and a second
switch element, where the second sample-and-hold capaci-
tor is for retaining the read-out reset signal output from the
output node of the photoelectric conversion reading part of
the pixel and input into the input node, and the second switch
element is for selectively connecting the second sample-
and-hold capacitor to the retaining node, and an output part
including a second source follower element for outputting,
from a source terminal thereof to the signal line, a signal
retained in the first sample-and-hold capacitor and a signal
retained in the second sample-and-hold capacitor at a level
corresponding to a voltage retained at the retaining node.

Advantages

[0023] The present invention can achieve the reduced
increase in number of transistors, prevent the occurrence of
signal amplitude loss in the sampling parts, maintain high
pixel sensitivity and reduce input conversion noise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a block diagram showing an example
configuration of a solid-state imaging device relating to a
first embodiment of the present invention.
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[0025] FIG. 2 is a circuit diagram showing an example
configuration of a pixel of the solid-state imaging device
relating to the first embodiment of the present invention.
[0026] FIG. 3 is used to illustrate a pixel array in a pixel
part of the solid-state imaging device relating to the first
embodiment of the present invention.

[0027] FIG. 4 is used to illustrate an example configura-
tion of a column output reading system in a pixel part of a
solid-state imaging device relating to an embodiment of the
present invention.

[0028] FIG. 5 is used to illustrate a first stacked structure
of the solid-state imaging device 10 relating to the first
embodiment of the present invention.

[0029] FIG. 6 is used to illustrate a second stacked struc-
ture of the solid-state imaging device 10 relating to the first
embodiment of the present invention.

[0030] FIG. 7 is a timing chart including parts (A) to (I) to
illustrate operations performed in a clear period and a
sampling period mainly by a pixel part of the solid-state
imaging device relating to the first embodiment of the
present invention in a predetermined shutter mode.

[0031] FIG. 8 is a timing chart including parts (A) to (F)
to illustrate a reading operation performed in a retained
signal reading period mainly by the pixel part of the solid-
state imaging device relating to the first embodiment of the
present invention in a predetermined shutter mode.

[0032] FIG. 9 is a circuit diagram illustrating an example
configuration of a pixel of a solid-state imaging device
relating to a second embodiment of the present invention.
[0033] FIG. 10 is a circuit diagram illustrating an example
configuration of a pixel of a solid-state imaging device
relating to a third embodiment of the present invention.
[0034] FIG. 11 is a timing chart including parts (A) to (I)
to illustrate operations performed in a clear period and a
sampling period mainly by the pixel part of the solid-state
imaging device relating to the third embodiment of the
present invention in a predetermined shutter mode.

[0035] FIG. 12 shows an example configuration of an
electronic apparatus to which the solid-state imaging devices
relating to the embodiments of the present invention can be
applied.

LIST OF REFERENCE NUMBERS

[0036] 10, 10A, 10B . . . solid-state imaging device,
[0037] 20, 20A, 20B . . . pixel part,

[0038] PD21 ... photodiode,

[0039] TG1-Tr . . . transfer transistor,

[0040] RST1-Tr . . . reset transistor,

[0041] SF1-Tr . . . source follower transistor,

[0042] FD21 ... floating diffusion,

[0043] 21 ... pixel,

[0044] 211 ... photoelectric conversion reading part,
[0045] 212, 212A, 212B . . . signal retaining part,
[0046] ND21 ... output node,

[0047] ND22 ... input node,

[0048] 2121 ... input part,

[0049] 2122 ... first sampling part,

[0050] 2123 ... second sampling part,

[0051] 2124 ... output part,

[0052] ND23 ... retaining node,

[0053] (821 ... first sample-and-hold capacitor,
[0054] CR21 ... second sample-and-hold capacitor,
[0055] SHS1-Tr . . . first sampling transistor,

[0056] SHRI1-Tr . .. second sampling transistor,
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[0057] 30 ... vertical scanning circuit

[0058] 40 ... reading circuit (column reading circuit),
[0059] 50 ... horizontal scanning circuit,

[0060] 60 . . . timing control circuit,

[0061] 70 ... reading part,

[0062] 300 . . . electronic apparatus,

[0063] 310 ... CMOS image sensor,

[0064] 320 ... optical system,

[0065] 330 ... signal processing circuit (PRC)

DESCRIPTION OF THE EMBODIMENTS

[0066] Embodiments of the present invention will be
hereinafter described with reference to the drawings.

First Embodiment

[0067] FIG. 1 is a block diagram showing an example
configuration of a solid-state imaging device according to a
first embodiment of the present invention. In this embodi-
ment, the solid-state imaging device 10 is constituted by, for
example, a CMOS image sensor.

[0068] As shown in FIG. 1, the solid-state imaging device
10 is constituted mainly by a pixel part 20 serving as an
image capturing part, a vertical scanning circuit (a row
scanning circuit) 30, a reading circuit (a column reading
circuit) 40, a horizontal scanning circuit (a column scanning
circuit) 50, and a timing control circuit 60. Among these
components, for example, the vertical scanning circuit 30,
the reading circuit 40, the horizontal scanning circuit 50, and
the timing control circuit 60 constitute the reading part 70
for reading out pixel signals.

[0069] In the solid-state imaging device 10 relating to the
first embodiment, the pixel part 20 includes pixels, and each
pixel includes a photoelectric conversion reading part and a
signal retaining part. The solid-state imaging device 10 is
configured, for example, as a stacked CMOS image sensor
capable of operating in a global shutter mode. In the first
embodiment, the solid-state imaging device 10 is a stacked
CMOS image sensor formed by a first substrate and a second
substrate, as will be described below in detail. The signal
retaining part formed in the second substrate is provided
with a first sampling part and a second sampling part, each
of which is formed by one sampling transistor (1T) and one
sampling capacitor (1C). The coupling node between the
two sampling parts serves as a retaining node and is used as
a bidirectional port. With such a configuration, the solid-
state imaging device 10 is configured as a solid-state imag-
ing element having a global shutter function that achieves a
substantially the same signal amplitude as in the differential
reading scheme with four transistors.

[0070] The following outlines the configurations and func-
tions of the parts of the solid-state imaging device 10. In
particular, the configurations and functions of the pixel part
20 and the relating reading operation will be described in
detail, and the stacked structure of the pixel part 20 and the
reading part 70 and other features will be also described in
detail.

[0071] (The Configurations of the Pixel and the Pixel Part
20)
[0072] FIG. 2 is a circuit diagram showing an example

configuration of the pixel of the solid-state imaging device
10 relating to the first embodiment of the present invention.
[0073] The pixel 21 arranged in the pixel part 20 includes
a photoelectric conversion reading part 211 and a signal
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retaining part 212. In the pixel part 20 of the first embodi-
ment, a power supply switching part 22, a node potential
switching part 23 and a bus resetting part 24 are arranged in
correspondence with the pixel 21 or a plurality of pixels 21.
[0074] The photoelectric conversion reading part 211 of
the pixel 21 includes a photodiode (a photoelectric conver-
sion element) and an in-pixel amplifier. More specifically,
the photoelectric conversion reading part 211 includes, for
example, a photodiode PD21 serving as a photoelectric
conversion reading part. For the photodiode PD21, one
transfer transistor TG1-Tr serving as a transferring element,
one reset transistor RST1-Tr serving as a resetting element,
one source follower transistor SF1-Tr serving as a first
source follower element, one selection transistor SEL1-Tr
serving as a selecting element and one output node ND21 are
provided. As described above, the photoelectric conversion
reading part 211 of the pixel 21 relating to the first embodi-
ment includes four transistors (4Tr), namely, the transfer
transistor TG1-Tr, the reset transistor RST1-Tr, the first
source follower transistor SF1-Tr, and the selection transis-
tor SEL1-Tr.

[0075] The photoelectric conversion reading part 211
relating to the first embodiment has the output node ND21
connected to the input part of the signal retaining part 212
of the pixel 21. The photoelectric conversion reading part
211 outputs to the signal retaining part 212 a read-out signal
(signal voltage) (VSIG) and a read-out reset signal (signal
voltage) (VRST), as a pixel signal, in the global shutter
mode.

[0076] In the first embodiment, the vertical signal line
LSGN11 is driven by a constant current source Ibias in the
global shutter mode.

[0077] The photodiode PD21 generates signal charges
(electrons) in an amount determined by the quantity of the
incident light and stores the same. Description will be
hereinafter given of a case where the signal charges are
electrons and each transistor is an n-type transistor. How-
ever, it is also possible that the signal charges are holes or
each transistor is a p-type transistor. Further, this embodi-
ment is also applicable to the case where a plurality of
photodiodes and transfer transistors share the transistors or
the case where the pixel includes three transistors (3Tr) other
than the selection transistor.

[0078] The transfer transistor TG1-Tr of the photoelectric
conversion reading part 211 is connected between the pho-
todiode PD21 and the floating diffusion FD21 and controlled
by a control signal TG applied to the gate thereof through a
control line. The transfer transistor TG1-Tr remains selected
and in the conduction state during a transfer period in which
the control signal TG is at the high (H) level, to transfer to
the floating diffusion FD21 the charges (electrons) produced
by the photoelectric conversion and then stored in the
photodiode PD21.

[0079] The reset transistor RST1-Tr is connected between
a power supply line Vdd of power supply voltage VDD and
the floating diffusion FD21 and controlled by a control
signal RST applied to the gate thereof through a control line.
The reset transistor RST1-Tr remains selected and in the
conduction state during a reset period in which the control
signal RST is at the H level, to reset the floating diffusion
FD21 to the potential of the power supply line Vdd of the
power supply voltage VDD.

[0080] The source follower transistor SF1-Tr, serving as a
first source follower element, and the selection transistor
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SEL1-Tr are connected in series between the power supply
line Vdd and the output node ND21. A signal line LSGN12
between the output node ND21 and the input part of the
signal retaining part 212 is driven by a capacitor or constant
current source, which is, for example, arranged in the signal
retaining part 212.

[0081] The gate of the source follower transistor SF1-Tr is
connected to the floating diffusion FD21, and the selection
transistor SEL1-Tr is controlled by the control signal SEL
applied to the gate thereof through a control line. The
selection transistor SEL1-Tr remains selected and in the
conduction state during a selection period in which the
control signal SEL is at the H level. In this way, the source
follower transistor SF1-Tr outputs, through the output node
ND21 to the signal line LSGN12, a read-out signal (VSIG)
and a read-out reset signal (VRST) of a column output
obtained by converting the charges in the floating diffusion
FD21 into a voltage signal determined by the quantity of the
charges (potential).

[0082] The signal retaining part 212 of the pixel 21
basically includes an input part 2121 including the input
node ND22, a first sampling part 2122, a second sampling
part 2123, an output part 2124 and a retaining node ND23.
[0083] In the signal retaining part 212 relating to the first
embodiment, the input node ND22 and the retaining node
ND23 are directly connected. To the retaining node ND23,
the first switch element of the first sampling part 2122 and
the second switch element of the second sampling part 2123
are connected in parallel.

[0084] The input part 2121 has the input node ND22
connected to the output node ND21 of the photoelectric
conversion reading part 211 through the signal line LSGN12
and inputs the read-out signal (VSIG) and the read-out reset
signal (VRST), which are output from the output node
ND21, into the first sampling part 2122 and the second
sampling part 2123 through the retaining node ND23.
[0085] The first sampling part 2122 includes a first
sample-and-hold capacitor CS21 and a first sampling tran-
sistor SHS1-Tr. The first sample-and-hold capacitor CS21 is
capable of retaining the read-out signal VSIG output from
the output node ND21 of the photoelectric conversion
reading part 211 and input into the input node ND22. The
first sampling transistor SHS1-Tr serves as a first switch
element that is configured to selectively connect the first
sample-and-hold capacitor CS21 to the retaining node
ND23.

[0086] The first sample-and-hold capacitor CS21 is con-
nected between the node ND24 and the reference potential
VSS. The first sampling transistor SHS1-Tr is connected
between the retaining node ND23 and the node ND24. The
first sampling transistor SHS1-Tr is in the conduction state
during a period in which, for example, the control signal
SHS is at the high level. The first sampling transistor
SHS1-Tr keeps the first sample-and-hold capacitor CS21 of
the first sample holding part 2122 selectively connected to
the retaining node ND23 during a global shutter period or
sample-and-hold capacitor clear period.

[0087] The second sampling part 2123 includes a second
sample-and-hold capacitor CR21 and a second sampling
transistor SHR1-Tr. The second sample-and-hold capacitor
CR21 is capable of retaining the read-out reset signal VRST
output from the output node ND21 of the photoelectric
conversion reading part 211 and input into the input node
ND22. The second sampling transistor SHR1-Tr serves as a
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second switch element that is configured to selectively
connect the second sample-and-hold capacitor CR21 to the
retaining node ND23.

[0088] The second sample-and-hold capacitor CR21 is
connected between the node ND25 and the reference poten-
tial VSS. The second sampling transistor SHR1-Tr is con-
nected between the retaining node ND23 and the node
ND25. The second sampling transistor SHR1-Tr is in the
conduction state during a period in which, for example, the
control signal SHR is at the high level. The second sampling
transistor SHR1-Tr keeps the second sample-and-hold
capacitor CR21 of the second sample holding part 2123
selectively connected to the retaining node ND23 during a
global shutter period or sample-and-hold capacitor clear
period.

[0089] The reading of the signal from the photoelectric
conversion reading part 211 to the signal retaining part 212
is carried out by connecting the first sample-and-hold
capacitor CS21 and the second sample-and-hold capacitor
CR21, which are OV-cleared sampling capacitors, to the
retaining node ND23.

[0090] As seen from above, in the signal retaining part 212
relating to the first embodiment, the first sampling part 2122
and the second sampling part 2123 have a one-transistor
(1T) and one-capacitor (1C) configuration as in DRAM, so
that charges can be bidirectionally transferred between the
first and second sampling parts 2122 and 2123 and the
retaining node ND23. In other words, in the signal retaining
part 212 relating to the first embodiment, both writing
(sampling) and reading (charge sharing) are performed to a
single point, which can achieve the reduced number of
necessary transistors.

[0091] The first sampling transistor SHS1-Tr and the sec-
ond sampling transistor SHR1-Tr are formed by a MOS
transistor, for example, an n-channel MOS (NMOS) tran-
sistor. The first sample-and-hold capacitor CS21 and the
second sample-and-hold capacitor CR21 are formed by one
of a MOS capacitor, a MIM capacitor, a PIP capacitor and
a MOM capacitor, or a combination thereof.

[0092] The output part 2124 includes a source follower
transistor SF2-Tr serving as a second source follower ele-
ment for outputting, from the source terminal thereof, the
read-out signal VISG retained in the first sample-and-hold
capacitor CS21 of the first sampling part 2122 and the
read-out reset signal VRST retained in the second sample-
and-hold capacitor CR21 of the second sampling part 2123
at a level corresponding to the voltage retained at the
retaining node ND to the vertical signal line LSGN11.
[0093] The source follower transistor SF2-Tr serving as
the second source follower element is connected at the
source terminal thereof to the vertical signal line LSGN11,
at the drain terminal thereof to the power supply switching
part 22 via the power supply line Vddpix, and at the gate
terminal thereof to the retaining node ND23.

[0094] The source follower transistor SF2-Tr remains con-
nected at the drain thereof to the power supply line Vddpix
at the power supply potential VDD by the power supply
switching part 22 during a retained signal reading period
PHRD, in which the read-out signal VSIG and the read-out
reset signal VRST retained in the first sample-and-hold
capacitor CS21 and the second sample-and-hold capacitor
CR21 are read out. In this case, the source follower transistor
SF2-Tr outputs the read-out signal (VSIG) and the read-out
reset signal (VRST) of a column output, which are obtained
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by converting the voltage retained in the retaining node
ND23 into a corresponding voltage signal, to the vertical
signal line LSGN11.

[0095] The source follower transistor SF2-Tr remains con-
nected at the drain thereof to the reference potential VSS (for
example, the ground level or OV) by the power supply
switching part 22 during a clear period PCL in which the first
sample-and-hold capacitor CS21 and the second sample-
and-hold capacitor CR21 of the signal retaining part 212 are
cleared and during a sampling period PSML in which the
read-out signal and the read-out reset signal read from the
photoelectric conversion reading part 211 are written into
(retained in) the first sample-and-hold capacitor CS21 and
the second sample-and-hold capacitor CR21.

[0096] In the power supply switching part 22, the output
from the selecting part 221 is connected to the power supply
line Vddpix connected to the drain of the source follower
transistor SF2-Tr of the output part 2124 of the signal
retaining part 212, and the selecting part 221 connects the
power supply line Vddpix to the power supply line Vdd at
the power supply potential VDD (for example, 3V) or to the
reference potential VSS, according to the control signal
CTLA1. For example, the control signal CTL1 is set to the L
level during the clear period PCL or sampling period PSML,
so that the selecting part 221 of the power supply switching
part 22 connects the power supply line Vddpix to the
reference potential VSS. On the other hand, the control
signal CTL1 is set to the H level during the retained signal
reading period PHRD, so that the selecting part 221 of the
power supply switching part 22 connects the power supply
line Vddpix to the power supply line Vdd at the power
supply potential VDD.

[0097] The source terminal of the source follower transis-
tor SF2-Tr is connected to the vertical signal line LSGN11,
as described above, which is connected to the bus resetting
part 24. The bus resetting part 24 includes a switch element
241 connected between the vertical signal line LSGN11 and
the reference potential VSS. The switch element 241 is
turned on or off by the bus reset signal BRST.

[0098] The source terminal of the source follower transis-
tor SF2-Tr serves as an impedance during the retained signal
reading period PHRD as it is driven by a constant current,
but is fixed at the reference potential VSS (for example, 0V)
during the sampling period PSML, since the bus reset signal
BRST for the switch element 241 of the bus resetting part 24
is set to turn on the switch element 241. As a result, the
source follower transistor SF2-Tr enters the strong inversion
region and becomes equivalent to a MOS capacitor. This
resultantly imposes band limit on the transistors preceding
this MOS capacitor and can thereby reduce the noise.
[0099] In the signal retaining part 212, the retaining node
ND23 is connected to the node potential switching part 23,
which serves as a clamp circuit. The node potential switch-
ing part 23 is configured to be capable of selectively setting
the retaining node ND23 of the signal retaining part 212 to
one of a predetermined voltage level VCLP and the refer-
ence potential VSS (for example, 0V), which allows the
output part 2124 of the signal retaining part 212 to realize
CDS reading.

[0100] The node potential switching part 23 serving as a
clamp circuit includes a selecting part 231 and a switching
transistor CLP1-Tr. The selecting part 231 is capable of
selecting one of the predetermined voltage VCLP (for
example, 2.6V) and the reference potential VSS as a clamp
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voltage according to the control signal CTL2, and the
switching transistor CLP1-Tr is capable of selectively con-
necting the output line of the selecting part 231 to the
retaining node ND23.

[0101] Referring to the node potential switching part 23,
the selecting part 231 is connected to the power supply line
Velppix connected to the source terminal of the switching
transistor CLP1-Tr, and the selecting part 231 connects the
power supply line Vclppix to one of the power supply line
Vclp at the predetermined voltage VCLP (for example,
2.6V) and the reference potential VSS, according to the
control signal CTL2. For example, the control signal CTL2
is set to the L level during the clear period PCL or sampling
period PSML, so that the selecting part 231 of the node
potential switching part 23 connects the power supply line
Vclppix to the reference potential VSS. On the other hand,
the control signal CTL2 is set to the H level during the
retained signal reading period PHRD, so that the selecting
part 231 of the node potential switching part 23 connects the
power supply line Vclppix to the power supply line Vclp at
the predetermined voltage VCLP.

[0102] The switching transistor CLP1-Tr of the node
potential switching part 23 is turned on or off by the control
signal CLP. The switching transistor CLP1-Tr remains on
while the control signal CLP remains at the H level, so that
the retaining node is connected to the power supply line
Vclppix connected to the source terminal and the retaining
node ND23 is set to the predetermined voltage VCLP (for
example, 2.6V) or reference potential VSS. In other words,
the switching transistor CLP1-Tr of the node potential
switching part 23 relating to the first embodiment serves as
a switch element.

[0103] The node potential switching part 23 sets the
retaining node ND23 to the predetermined voltage VCLP
during the retained signal reading period PHRD, so that the
predetermined voltage VCLP is used as the initial voltage
for the CDS reading performed by the output part 2124 of
the signal retaining part 212. Furthermore, the node potential
switching part 23 keeps the retaining node ND23 fixed at the
reference potential VSS (for example, 0V) while reading is
performed on other rows, so that the source follower tran-
sistor SF2-Tr of the output part 2124 can operate as an off
switch.

[0104] As described above, in the solid-state imaging
device 10 relating to the first embodiment, in the voltage
mode, the pixel signal is sampled into the signal retaining
part 212 serving as a pixel signal storage, which takes place
in all of the pixels at the same time, and the signals obtained
by converting the read-out signals retained in the first
sample-and-hold capacitor CS21 and the second sample-
and-hold capacitor CR21 are read out to the vertical signal
line LSGN11 and fed to the column reading circuit 40.
[0105] In the solid-state imaging device 10 relating to the
first embodiment, the constant current source designed to
drive the signal line LSGN12 between the output node
ND21 of the photoelectric conversion reading part 211 and
the input part of the signal retaining part 212 is not arranged
in the input part 2121 of the signal retaining part 212, and
the signal line LSGN12 is driven by a dynamic current
source provided by the first sample-and-hold capacitor CS21
and the second sample-and-hold capacitor CR21.

[0106] Both of the first sample-and-hold capacitor CS21
and the second sample-and-hold capacitor CR21 are cleared
to and kept at OV during the clear period, and when the first
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sample-and-hold capacitor CS21 and the second sample-
and-hold capacitor CR21 are connected to the source fol-
lower transistor SF1-Tr of the photoelectric conversion
reading part 211, the electrons are fed from the first sample-
and-hold capacitor CS21 and the second sample-and-hold
capacitor CR21. Accordingly, the first sample-and-hold
capacitor CS21 and the second sample-and-hold capacitor
CR21 serve as a dynamic current source.

[0107] Inthe pixel part 20 relating to the first embodiment,
the pixels 21 each having the above-described configuration
are arranged to form a pixel array, for example, as shown in
FIG. 3, and a plurality of pixel arrays are combined.
[0108] FIG. 3 is used to illustrate the pixel arrays in the
pixel part 20 of the solid-state imaging device 10 relating to
the first embodiment of the present invention.

[0109] The pixel part 20 of the solid-state imaging device
10 relating to the first embodiment includes a pixel array 230
and a retaining part array 240.

[0110] In the pixel array 230, photoelectric conversion
reading parts 211 of a plurality of pixels 21 are arranged in
a two-dimensional matrix of N rows and M columns. In the
pixel array 230, the photoelectric conversion reading parts
211 of the plurality of pixels 21 are arranged in a two-
dimensional matrix of N rows and M columns, such that an
image having an aspect ratio of 16:9 can be output, for
example.

[0111] In the retaining part array 240, signal retaining
parts 212 of the plurality of pixels 21 are arranged in a
two-dimensional matrix of N rows and M columns, corre-
spondingly to the pixel array 230. As in the pixel array 230,
in the retaining part array 240, the signal retaining parts 212
of the plurality of pixels 21 are arranged in a two-dimen-
sional matrix of N rows and M columns, such that an image
having an aspect ratio of 16:9 can be output, for example.

[0112] When the solid-state imaging device 10 has a
stacked structure made up by a first substrate (an upper
substrate) and a second substrate (a lower substrate) as will
be described below, the pixel array 230 is formed in the first
substrate, and the retaining part array 240 is formed in the
second substrate so as to face the pixel array 230. In this
case, the retaining part array 240 may be completely blocked
from light with a metal wiring layer.

[0113] In the global shutter mode, in the pixel part 20
under the control of the reading part 70, the pixel array 230
and the retaining part array 240 are activated so that the pixel
signals are read out.

[0114] In the pixel part 20, the reset transistor RST1-Tr
and the transfer transistor TG1-Tr are used to reset the
photodiode concurrently in all of the pixels, so that exposure
to light starts concurrently in parallel in all of the pixels.
After the exposure of a predetermined duration ends, the
transfer transistor TG1-Tr is used to sample the output signal
from the photoelectric conversion reading part 211 in the
signal retaining part 212, so that the exposure ends concur-
rently in parallel in all of the pixels. This successfully
accomplish a perfect electronic shutter.

[0115] Since the pixel part 20 includes the pixels arranged
in N rows and M columns, there are N control lines for each
of the control signals SEL, RST and TG, and M vertical
signal lines LSGN11. In FIG. 1, the control lines for each
row are represented as one row-scanning control line. Simi-
larly, each vertical signal line LSGN11 is represented as one
vertical signal line. The second signal line LSGN12 is



US 2021/0144330 Al

provided for each pixel between the photoelectric conver-
sion reading part 211 and the signal retaining part 212.
[0116] The vertical scanning circuit 30 drives the photo-
electric conversion reading parts 211 and the signal retaining
parts 212 of the pixels 21 through row-scanning control lines
in shutter and reading rows, under the control of the timing
control circuit 60. Further, the vertical scanning circuit 30
outputs, according to an address signal, row selection signals
indicating the row addresses of the reading row from which
signals are to be read out and the shutter row in which the
charges stored in the photodiodes PD21 are to be reset.
[0117] The column reading circuit 40 includes a plurality
of column signal processing circuits (not shown) arranged so
as to correspond to the column outputs from the pixel part
20, and the column reading circuit 40 may be configured
such that the plurality of column signal processing circuits
are capable of processing the columns in parallel. The
column reading circuit 40 amplifies and AD converts, in the
global shutter mode, the differential pixel signals pixout
(VSL) that are read out from the signal retaining parts 212
of the pixels 21 to the vertical signal lines LSGN11.
[0118] The pixel signal pixout (VSL) denotes a pixel
read-out signal including a read-out signal VSIG and a
read-out reset signal VRST that are read in the stated order
from the pixel (in the present example, the photoelectric
conversion reading part 211 and the signal retaining part 212
of the pixel 21) in the global shutter mode.

[0119] In the solid-state imaging device 10 relating to the
first embodiment, the column reading circuit 40 is config-
ured such that the single circuit configuration can be used in
any operational modes and for read-out signals of any signal
types (single-ended or differential read-out signals).

[0120] The column reading circuit 40 includes an ampli-
fier (AMP) 41 and an analog-to-digital converter (ADC) 42
as shown in FIG. 4, for example.

[0121] The horizontal scanning circuit 50 scans the signals
processed in the plurality of column signal processing
circuits, for example, ADCs of the column reading circuit
40, transfers the signals in a horizontal direction, and outputs
the signals to a signal processing circuit (not shown).
[0122] The timing control circuit 60 generates timing
signals required for signal processing in the pixel part 20, the
vertical scanning circuit 30, the reading circuit 40, the
horizontal scanning circuit 50, and the like.

[0123] In the first embodiment, the reading part 70 acti-
vates the pixel array 230 and the retaining part array 240 to
read the differential pixel signal pixout, for example, in the
global shutter mode.

[0124] (The Stacked Structure of the Solid-State Imaging
Device 10)
[0125] The following describes the stacked structure of the

solid-state imaging device 10 relating to the first embodi-
ment.

[0126] FIG. 5 is used to illustrate a first stacked structure
of the solid-state imaging device 10 relating to the first
embodiment of the present invention. FIG. 6 is used to
illustrate a second stacked structure of the solid-state imag-
ing device 10 relating to the first embodiment of the present
invention.

[0127] The solid-state imaging device 10 relating to the
first embodiment has a stacked structure of a first substrate
(an upper substrate) 110 and a second substrate (a lower
substrate) 120. The solid-state imaging device 10 is formed
as an imaging device having a stacked structure that is

May 13, 2021

obtained, for example, by bonding wafers together and
subjecting the bonded wafers to dicing. In the present
example, the first substrate 110 is stacked on the second
substrate 120.

[0128] In the first substrate 110, as shown in FIGS. 5 and
6, the pixel array 230 (a region 111) is formed and centered
around the central portion of the first substrate 110. In the
pixel array 230, the photoelectric conversion reading parts
211 of the pixels 21 of the pixel part 20 are arranged. Around
the pixel array 230, specifically speaking, on the upper and
lower sides in the example shown in FIG. 6, regions 112, 113
are formed for portions of the column reading circuit 40. The
portions of the column reading circuit 40 may be configured
such that they can be arranged in one of the regions on the
upper and lower sides of the region 111 for the pixel array
230.

[0129] As described above, basically in the first embodi-
ment, the photoelectric conversion reading parts 211 of the
pixels 21 are arranged in a matrix pattern in the first
substrate 110.

[0130] In the second substrate 120, the retaining part array
240 (a region 121) is formed and centered around the central
portion of the second substrate 120 and the vertical signal
line LSGNI11 is also formed. In the array 240, the signal
retaining parts 212 of the pixels 21, which are connected to
the output nodes ND21 of the photoelectric conversion
reading parts 211 of the pixel array 230, are arranged in a
matrix pattern. The retaining part array 240 may be com-
pletely blocked from light with a metal wiring layer. Around
the retaining part array 240, or on the upper and lower sides
in the examples shown in FIGS. 5 and 6, regions 122, 123
are formed for the column reading circuit 40. The column
reading circuit 40 may be configured such that it can be
arranged in one of the regions on the upper and lower sides
of the region 121 for the retaining part array 240. On the
lateral side of the retaining part array 240, a region for the
vertical scanning circuit 30 and a region for the digital and
output systems may be formed. In the second substrate 120,
the vertical scanning circuit 30, the horizontal scanning
circuit 50 and the timing control circuit 60 may be also
formed.

[0131] Inthe above-described stacked structure, the output
nodes ND21 of the photoelectric conversion reading parts
211 of the pixel array 230 in the first substrate 110 are
electrically connected to the input nodes ND22 of the signal
retaining parts 212 of the pixels 21 in the second substrate
120 through vias (die-to-die vias), microbumps, or the like
as shown in FIG. 2, for example.

[0132] (Reading Operation of the Solid-State Imaging
Device 10)
[0133] The above describes the characteristic configura-

tions and functions of the parts of the solid-state imaging
device 10. Next, a detailed description will be given of the
reading operation of the differential pixel signal in the
solid-state-imaging device 10 relating to the first embodi-
ment.

[0134] FIG. 7 is a timing chart including parts (A) to (I) to
illustrate operations performed in a clear period and a
sampling period mainly by the pixel part of the solid-state
imaging device relating to the first embodiment of the
present invention in a predetermined shutter mode. FIG. 8 is
a timing chart including parts (A) to (F) to illustrate a
reading operation performed in a retaining signal reading
period mainly by the pixel part of the solid-state imaging
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device relating to the first embodiment of the present inven-
tion in a predetermined shutter mode.

[0135] In FIG. 7, the part (A) shows the control signal
RST for the reset transistor RST1-Tr of the photoelectric
conversion reading part 211 of the pixel 21. In FIG. 7, the
part (B) shows the control signal TG for the transfer tran-
sistor TG1-Tr of the photoelectric conversion reading part
211 of'the pixel 21. In FIG. 7, the part (C) shows the control
signal SEL for the selection transistor SEL1-Tr of the
photoelectric conversion reading part 211 of the pixel 21. In
FIG. 7, the part (D) shows the control signal SHR for the
second sampling transistor SHR1-Tr of the signal retaining
part 212 of the pixel 21. In FIG. 7, the part (E) shows the
control signal SHS for the first sampling transistor SHS1-Tr
of' the signal retaining part 212 of the pixel 21. In FIG. 7, the
part (F) shows the control signal CLP for the switching
transistor CLP1-Tr of the node potential switching part 23.
In FIG. 7, the part (G) shows the level of the power supply
line Vclppix of the node potential switching part 23. In FIG.
7, the part (H) shows the level of the power supply line
Vddpix of the power supply switching part 22. In FIG. 7, the
part (I) shows the bus reset signal BRST for the bus resetting
part 24. In FIG. 7, the mark <*> represents that the state in
question is the same in all of the rows.

[0136] In FIG. 8, the part (A) shows the control signal
SHR for the second sampling transistor SHR1-Tr of the
signal retaining part 212 of the pixel 21. In FIG. 8, the part
(B) shows the control signal SHS for the first sampling
transistor SHS1-Tr of the signal retaining part 212 of the
pixel 21. In FIG. 8, the part (C) shows the control signal CLP
for the switching transistor CLP1-Tr of the node potential
switching part 23. In FIG. 8, the part (D) shows the level of
the power supply line Vclppix of the node potential switch-
ing part 23. In FIG. 8, the part (E) shows the level of the
power supply line Vddpix of the power supply switching
part 22. In FIG. 8, the part (F) shows the bus reset signal
BRST for the bus resetting part 24. In FIG. 8, the mark <n>
denotes the row from which the signals are read out to the
column reading circuit.

[0137]

[0138] The following first describes the sampling opera-
tion performed during the sampling period PSML, which
includes the zero-clear operation performed during the zero-
clear period PCL, with reference to FIG. 7 including parts
A) to (D.

[0139] During the sampling period PSML, as shown in the
part (H) in FIG. 7, the power supply switching part 22 keeps
the power supply line Vddpix, which is connected to the
drain terminal of the source follower transistor of the output
part 2124, remaining at the reference potential VSS (for
example, OV). As shown in the part (G) in FIG. 7, the node
potential switching part 23 keeps the power supply line
Vclppix at the reference potential VSS (for example, OV). As
shown in the part (I) in FIG. 7, the bus reset signal BRST for
the switch element 241 of the bus resetting part 24 turns on
the switch element 241, so that the switch element 241 is
fixed at the reference potential VSS (for example, 0V). As a
result, the source follower transistor SF2-Tr enters the strong
inversion region and becomes equivalent to a MOS capaci-
tor. This resultantly imposes band limit on the transistors
preceding this MOS capacitor and can thereby reduce the
noise. In addition, as shown in the part (C) in FIG. 7, during
the sampling period PSML,, the selection transistor SEL1-Tr

(Sampling Operation)
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of the photoelectric conversion reading part 211 remains in
the conduction state due to the control signal SEL being at
the H level.

[0140] While these states are maintained, first of all, the
first sample-and-hold capacitor CS21 and the second
sample-and-hold capacitor CR21 of the signal retaining part
212 are zero-cleared, which takes place in a first zero-clear
period PCL1. During the first zero-clear period PCL1, as
shown in the part (F) FIG. 7, the control signal CLP remains
at the H level for a predetermined period of time, which
causes the switching transistor CLP1-Tr of the node poten-
tial switching part 23 to remain in the conduction state for
the predetermined period of time. This accordingly results in
the retaining node ND23 of the signal retaining part 212
remaining at the reference potential VSS (for example, 0V).
In parallel with this, as shown in the parts (D) and (E) in
FIG. 7, the control signal SHR for the second sampling
transistor SHR1-Tr of the signal retaining part 212 and the
control signal SHS for the first sampling transistor SHS1-Tr
remain at the H level, so that the first sampling transistor
SHS1-Tr and the second sampling transistor SHR1-Tr are in
the conduction state. This clears, to OV, the first sample-
and-hold capacitor CS21 and the second sample-and-hold
capacitor CR21 of the signal retaining part 212.

[0141] When both of the first sample-and-hold capacitor
CS21 and the second sample-and-hold capacitor CR21 are
cleared to OV in the clear period and connected to the source
follower transistor SF1-Tr of the photoelectric conversion
reading part 211, the electrons are fed from the first sample-
and-hold capacitor CS21 and the second sample-and-hold
capacitor CR21. As described above, the first sample-and-
hold capacitor CS21 and the second sample-and-hold
capacitor CR21 serves as a dynamic current source.

[0142] The first zero-clear period PCL1 is followed by a
reset signal reading period PRDR in which the read-out reset
signal VRST is read as the pixel signal from the photoelec-
tric conversion reading part 211. In the reset signal reading
period PRDR, the reset transistor RST1-Tr remains selected
and in the conduction state during a period in which the
control signal RST is at the H level. In addition, while the
control signal RST is kept at the H level, the floating
diffusion FD21 is reset to the potential of the power supply
line Vdd. In the photoelectric conversion reading part 211,
the source follower transistor SF1-Tr converts the charges in
the floating diffusion FD21 into a voltage signal at a level
determined by the quantity of the charges (the potential)d
and outputs the voltage signal from the output node ND21
through the selection transistor SEL1-Tr as the read-out reset
signal VRST of a column output. Subsequently, the control
signal RST for the reset transistor RST1-Tr is switched to the
L level, so that the reset transistor RST1-Tr is brought into
the non-conduction state.

[0143] In the signal retaining part 212, on the other hand,
the control signal SHR still remains at the H level continu-
ously from the first zero-clear period PCL1, for example, so
that the second sampling transistor SHR1-Tr remains in the
conduction state.

[0144] In this way, the read-out reset signal VRST output
from the output node ND21 of photoelectric conversion
reading part 211 is transmitted to the corresponding signal
retaining part 212 through the second signal line LSGN12
and retained in the second sample-and-hold capacitor CR21
through the second sampling transistor SHR1-Tr.
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[0145] After the read-out reset signal VRST is retained in
the second sample-and-hold capacitor CR21, the control
signal SHR is switched to the L level, so that the second
sampling transistor SHR1-Tr is brought into the non-con-
duction state.

[0146] The next period is a second zero-clear period
PCL2. During the second zero-clear period PCL2, as shown
in the part (F) in FIG. 7, the control signal CLP remains at
the H level for a predetermined period of time, which causes
the switching transistor CLP1-Tr of the node potential
switching part 23 to remain in the conduction state for the
predetermined period of time. This accordingly results in the
retaining node ND23 of the signal retaining part 212 remain-
ing at the reference potential VSS (for example, 0V). In
parallel with this, as shown in the parts (D) and (E) in FIG.
7, the control signal SHR for the second sampling transistor
SHR1-Tr of the signal retaining part 212 remains at the L.
level and the control signal SHS for the first sampling
transistor SHS1-Tr remains at the H level, so that the first
sampling transistor SHS1-Tr remains in the conduction state
and the second sampling transistor SHR1-Tr remains in the
non-conduction state. This clears, to 0V, the first sample-
and-hold capacitor CS21 of the signal retaining part 212.
[0147] When the first sample-and-hold capacitor CS21 is
cleared to OV in the clear period and connected to the source
follower transistor SF1-Tr of the photoelectric conversion
reading part 211, the electrons are fed from the first sample-
and-hold capacitor CS21. Accordingly, the first sample-and-
hold capacitor CS21 serves as a dynamic current source.
[0148] The second zero-clear period PCL2 is followed by
a signal reading period PRDS in which the read-out signal
VSIG is read from the photoelectric conversion reading part
211 as the pixel signal.

[0149] In the signal reading period PRDS, a transfer
period occupies a predetermined period of time. In the
transfer period, the transfer transistor TG1-Tr in each pho-
toelectric conversion reading part 211 remains selected and
in the conduction state during a period in which the control
signal TG is at the H level, so that the charges (electrons)
produced by the photoelectric conversion and then stored in
the photodiode PD21 are transferred to the floating diffusion
FD21. After the transfer period ends, the control signal TG
for the transfer transistor TG1-Tr is switched to the L level,
so that the transfer transistor TG1-Tr is brought into the
non-conduction state. In the photoelectric conversion read-
ing part 211, the source follower transistor SF1-Tr converts
the charges in the floating diffusion FD21 into a voltage
signal at a level determined by the quantity of the charges
(the potential) and outputs the voltage signal from the output
node ND21 through the selection transistor SEL1-Tr as the
read-out signal VSIG of a column output.

[0150] In all of the signal retaining parts 212 of the
retaining part array 240, the following control is performed.
In the signal retaining part 212, the control signal SHS
continuously remains at the H level, so that the first sam-
pling transistor SHS1-Tr remains in the conduction state.
[0151] In this way, the read-out signal VSIG output from
the output node ND21 of the photoelectric conversion
reading part 211 is transmitted to the corresponding signal
retaining part 212 through the second signal line LSGN12
and retained in the first sample-and-hold capacitor CS21
through the first sampling transistor SHS1-Tr.

[0152] After the read-out signal VSIG is retained in the
first sample-and-hold capacitor CS21, the control signal
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SHS is switched to the L level, so that the first sampling
transistor SHS1-Tr is brought into the non-conduction state.

[0153] This ends the sampling period PSML. Following
this, as shown in the part (C) in FIG. 7, the control signal
SEL is switched to the L level, so that the selection transistor
SEL1-Tr is brought into the non-conduction state. The bus
reset signal BRST is then switched to the L level, so that the
source terminal of the source follower transistor SF2-Tr of
the output part 2124 is released from being fixed to OV and
constant current driving is thus enabled.

[0154] After this, as shown in the part (H) in FIG. 7, the
power supply switching part 22 keeps the power supply line
Vddpix, which is connected by to the drain terminal of the
source follower transistor SF2-Tr of the output part 2124,
remaining at the power supply potential VDD of the power
supply line Vdd. An off-state setting period POS then starts,
in which the source follower transistor SF2-Tr is set to the
off state. During the off-state setting period POS, as shown
in the part (F) in FIG. 7, the control signal CLP remains at
the H level for a predetermined period of time, which causes
the switching transistor CLP1-Tr of the node potential
switching part 23 to remain in the conduction state for the
predetermined period of time. This accordingly results in the
retaining node ND23 of the signal retaining part 212 remain-
ing at the reference potential VSS (for example, O0V) and the
source follower transistor SF2-Tr being set to the off state.
When the off-state setting period POS ends, as shown in the
part (G) in FIG. 7, the node potential switching part 23
switches the power supply line Vclppix to the predetermined
voltage VCLP level. In the photoelectric conversion reading
part 211, for a predetermined period of time, the reset
transistor RST1-Tr and the transfer transistor TG11-Tr
remain in the conduction state, so that the floating diffusion
FD21 and the photodiode PD21 are reset (the pixel is reset).

[0155] While these states are maintained, a retained signal
reading operation is performed, in which the read-out reset
signal VRST retained in the second sample-and-hold capaci-
tor CR21 of the second sampling part 2123 and the read-out
signal VSIG retained in the first sample-and-hold capacitor
CS21 of the first sampling part 2122 are read out to the
vertical signal line LSGN11. The retained signal reading
operation is performed in a retained signal reading period
PHRD, in which the power supply switching part 22 keeps
the power supply line Vddpix, which is connected to the
drain terminal of the source follower transistor SF2-Tr of the
output part 2124, remaining at the power supply potential
VDD of the power supply line Vdd. In addition, the node
potential switching part 23 switches the power supply line
Velppix to the predetermined voltage VCLP level.

[0156] In a first initial value reading period PIVR1 within
the retained signal reading period PHRD, as shown in the
part (C) in FIG. 8, the control signal CLP remains at the H
level for a predetermined period of time, which causes the
switching transistor CLP1-Tr of the node potential switching
part 23 to remain in the conduction state for the predeter-
mined period of time. This accordingly results in the retain-
ing node ND23 of the signal retaining part 212 remaining at
the predetermined voltage VCLP level corresponding to the
initial value. In this way, in each signal retaining part 212,
the source follower transistor SF2-Tr, whose gate is con-
nected to the node ND23, outputs a first initial value
read-out signal VIVR, which is a conversion signal of a
column output, to the vertical signal line LSGNT11 at a level
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corresponding to the voltage retained in the node ND23 (the
initial value). The first initial value read-out signal VIVR is
fed to the reading circuit 40.

[0157] The first initial value reading period PIVRI1 is
followed by a retained reset signal reading period PHRR.
During the retained reset signal reading period PHRR, as
shown in the part (A) in FIG. 8, the control signal SHR for
the second sampling transistor SHR1-Tr of the signal retain-
ing part 212 remains at the H level, so that the second
sampling transistor SHR1-Tr remains in the conduction
state. This causes the read-out reset signal VRST retained in
the second sample-and-hold capacitor CR21 is transferred to
the retaining node ND23. In each signal retaining part 212,
the source follower transistor SF2-Tr whose gate is con-
nected to the node ND23 outputs, to vertical signal line
LSGN11, the read-out reset signal VRST, which is a con-
version signal of a column out, at a level corresponding to
the voltage retained in the second sample-and-hold capacitor
CR21 connected to the node ND23. The read-out reset signal
VRST is fed to the reading circuit 40.

[0158] Subsequently, a second initial value reading period
PIVR2 within the retained signal reading period PHRD
starts. In the second initial value reading period PIVR2, as
shown in the part (C) in FIG. 8, the control signal CLP
remains at the H level for a predetermined period of time,
which causes the switching transistor CLP1-Tr of the node
potential switching part 23 to remain in the conduction state
for the predetermined period of time. This accordingly
results in the retaining node ND23 of the signal retaining
part 212 remaining at the predetermined voltage VCLP level
corresponding to the initial value. In this way, in each signal
retaining part 212, the source follower transistor SF2-Tr,
whose gate is connected to the node ND23, outputs a second
initial value read-out signal VIVS, which is a conversion
signal of a column output, to the vertical signal line LSGN11
at a level corresponding to the voltage retained in the node
ND23 (the initial value). The second initial value read-out
signal VIVS is fed to the reading circuit 40.

[0159] The second initial value reading period PIVR2 is
followed by a retained read-out signal reading period PHSR.
During the retained read-out signal reading period PHRR, as
shown in the part (B) in FIG. 8, the control signal SHS for
the first sampling transistor SHS1-Tr of the signal retaining
part 212 remains at the H level, so that the first sampling
transistor SHS1-Tr remains in the conduction state. This
causes the read-out signal VSIG retained in the first sample-
and-hold capacitor CS21 to be transferred to the retaining
node ND23. In each signal retaining part 212, the source
follower transistor SF2-Tr whose gate is connected to the
node ND23 outputs, to the vertical signal line LSGN11, the
read-out signal VSIG, which is a conversion signal of a
column output, at a level corresponding to the voltage
retained in the first sample-and-hold capacitor CS21 con-
nected to the node ND23. The read-out signal VSIG is fed
to the reading circuit 40.

[0160] Subsequently, the column reading circuit 40, which
constitutes part of, for example, the reading part 70, ampli-
fies and AD converts the read-out reset signal VRST and the
read-out signal VSIG of the pixel signal pixout, and addi-
tionally calculates the difference between the signals
{VRST-VSIG} and performs the CDS.

[0161] Just like after the end of the sampling period, an
off-state setting period POS then starts, in which the source
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follower transistor SF2-Tr is set to the off state after the
retained signal reading period PHRD ends.

[0162] As described above, in the first embodiment, the
pixel part 20 is configured as a stacked CMOS image sensor
including, for example, the pixel array 230 in which the
photoelectric conversion reading parts 211 of the plurality of
pixels 21 are arranged in a matrix pattern, and the retaining
part array 240 in which the signal retaining parts 212 of the
plurality of pixels 21 are arranged in a matrix pattern. The
stacked CMOS image sensor is made up by the first substrate
110 and the second substrate 120. The signal retaining part
212 formed in the second substrate 120 is provided with the
first sampling part 2122 and the second sampling part 2123,
each of which is formed by one sampling transistor (1T) and
one sampling capacitor (1C). The coupling node between the
two sampling parts is the retaining node ND23 and is used
as a bidirectional port. With such a configuration, the
stacked CMOS image sensor is configured as a solid-state
imaging element having a global shutter function that
achieves substantially the same signal amplitude as in the
differential reading scheme with four transistors. According
to the first embodiment, the node potential switching part 23,
which serves as a clamp circuit, and the source follower
transistor SF2-Tr are connected to the merging point
between the first sampling part 2122 and the second sam-
pling part 2123, and the clamp voltage of the retaining node
ND23 is controlled to be equal to the reference potential
VSS (for example, 0V) or predetermined voltage VCLP.
This allows the voltage at the merging point to dynamically
change and allows the drain voltage of the source follower
transistor SF2-Tr to dynamically changes to the reference
potential VSS (for example, OV) or power supply potential
VDD. According to the first embodiment, sampling takes
place while the source follower transistor SF2-Tr of the
output part 2124 is in the strong inversion mode. This can
increase the gate capacitance and increase the band limit
capacitance.

[0163] Therefore, the solid-state imaging device 10 relat-
ing to the first embodiment can achieve the reduced increase
in number of transistors, prevent the occurrence of signal
amplitude loss in the sampling parts, maintain high pixel
sensitivity and reduce input conversion noise.

[0164] More specifically, while the conventional art
requires eight transistors, the first embodiment requires only
four, which can contribute to accomplish a smaller size. The
silicon area that is used for the transistors in the conventional
art can now be used for MOS capacitors, which can con-
tribute to reduce noise. The sampling capacitors can be
zero-cleared without the need of additional transistors,
which can contribute to achieve a smaller size. One of the
sampling capacitors can be used as a band limiting element
and, additionally, the parasitic capacitor can be used as a
band limiting element. This can contribute to reduce noise.
Furthermore, the first embodiment can advantageously use
the common 4-Tr APS configuration for the pixels and be
thus highly applicable.

[0165] Additionally, the solid-state imaging device 10
relating to the first embodiment can prevent the increase in
configuration complexity and, at the same time, the reduc-
tion in area efficiency from the perspective of layout.
[0166] The solid-state imaging device 10 relating to the
first embodiment has a stacked structure of the first substrate
(upper substrate) 110 and the second substrate (lower sub-
strate) 120. Accordingly, the first embodiment can maximize
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the value per cost since the first substrate 110 is basically
formed only with NMOS elements and the pixel array can
increase the effective pixel region to the maximum.

Second Embodiment

[0167] FIG. 9 is a diagram showing an example configu-
ration of a pixel of a solid-state imaging device relating to
a second embodiment of the present invention.

[0168] The solid-state imaging device 10A relating to the
second embodiment differs from the solid-state imaging
device 10 relating to the above-described first embodiment
in the following points. In the solid-state imaging device
10A relating to the second embodiment, the voltage CL.P<n>
designed to drive the switching transistor CLP1-Tr of the
node potential switching part 23A can be switched between
the pulse driving, which is required in the first embodiment,
and the constant current bias voltage (VLNPIX). The
switching is carried out by the selecting part 232 according
to the control signal CTL3.

[0169] The second embodiment makes it possible not only
to produce the same effects as in the above-described first
embodiment but also to perform reading with a constant
current without increasing the number of transistors. In this
case, the voltage VCLP is set to 0V and the GND potential
is fed.

Third Embodiment

[0170] FIG. 10 is a diagram showing an example configu-
ration of a pixel of a solid-state imaging device relating to
a third embodiment of the present invention. FIG. 11 is a
timing chart to illustrate operations performed in a clear
period and a sampling period mainly by the pixel part of the
solid-state imaging device relating to the third embodiment
of the present invention in a predetermined shutter mode.
[0171] The solid-state imaging device 10B relating to the
third embodiment differs from the solid-state imaging
devices 10, 10A relating to the above-described first and
second embodiments in the following points. In the solid-
state imaging device 10B relating to the third embodiment,
the first sampling part 2122 is connected between the input
node ND22 and the retaining node ND23 in the signal
retaining part 212B. In the signal retaining part 212B, the
second sampling transistor SHR1-Tr of the second sampling
part 2123 is connected to the retaining node ND23, the first
sample-and-hold capacitor CS21 of the first sampling part
2122 is connected to the input node ND22, and the first
sampling transistor SHS1-Tr is connected between (i) the
connection node ND26 between the first sample-and-hold
capacitor CS21 and the input node NS22 and (ii) the
retaining node ND23.

[0172] The reading operation is performed in the same
manner as in the first embodiment except for that the first
sampling transistor SHS1-Tr of the first sampling part 2122
remains in the conduction state in FIG. 11 during the reset
signal reading period PRDR in the sampling period PSML
as shown in the part (E). Thus, the reading operation is not
described here in detail.

[0173] The third embodiment makes it possible not only to
produce the same effects as the above-described first
embodiment but also to produce the following effects. Since
the first sampling part 2122 for the read-out signal VSIG is
arranged on the reading path from the photoelectric conver-
sion reading part 211, the parasitic capacitance generated in
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the retaining node ND23 can be minimized. This minimizes
the reduction in gain caused by the charge sharing with the
sampling capacitance during the reading operation, thereby
reducing input conversion noise. The sampling capacitance
arranged on the path imposes band limiting on the source
follower transistor SF1-Tr and the selection transistor SEL1
of the photoelectric conversion reading part 211 positioned
before this sampling capacitance, which reduces noise. This
can consequently lower overall sampling noise. In addition,
since the parasitic capacitances of the die-to-die vias are
included in the sampling capacitance, the effective sampling
capacitance can be increased. Furthermore, the same modi-
fication as made in the second embodiment allows constant
current driving.

[0174] The solid-state imaging devices 10, 10A, 10B
described above can be applied, as an imaging device, to
electronic apparatuses such as digital cameras, video cam-
eras, mobile terminals, surveillance cameras, and medical
endoscope cameras.

[0175] FIG. 12 shows an example of the configuration of
an electronic apparatus including a camera system to which
the solid-state imaging device according to the embodiments
of the present invention is applied.

[0176] As shown in FIG. 12, the electronic apparatus 300
includes a CMOS image sensor 310 that can be constituted
by the solid-state imaging device 10 according to the
embodiments of the present invention. Further, the elec-
tronic apparatus 300 includes an optical system (such as a
lens) 320 for redirecting the incident light to pixel regions of
the CMOS image sensor 310 (to form a subject image). The
electronic apparatus 300 includes a signal processing circuit
(PRC) 330 for processing output signals of the CMOS image
sensor 310.

[0177] The signal processing circuit 330 performs prede-
termined signal processing on the output signals of the
CMOS image sensor 310. The image signals processed in
the signal processing circuit 330 can be handled in various
manners. For example, the image signals can be displayed as
a video image on a monitor having a liquid crystal display,
or the image signals can be printed by a printer or recorded
directly on a storage medium such as a memory card.
[0178] As described above, a high-performance, compact,
and low-cost camera system can be provided that includes
the solid-state imaging device 10, 10A, 10B as the CMOS
image sensor 310. Further, it is possible to produce elec-
tronic apparatuses such as surveillance cameras and medical
endoscope cameras that are used for applications where
cameras are required to be installed under restricted condi-
tions such as the installation size, number of connectable
cables, cable length, and installation height.

1. A solid-state imaging device comprising:

a pixel part having a pixel arranged therein, the pixel
including a photoelectric conversion reading part and a
signal retaining part;

a reading part for reading a pixel signal from the pixel
part; and

a signal line to which a retained signal is output from the
signal retaining part,

wherein the pixel signal read from the pixel at least
includes
a pixel signal including a read-out signal and a read-out

reset signal read from the pixel,

wherein the photoelectric conversion reading part of the
pixel at least includes:
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an output node;

a photoelectric conversion element for storing therein,
in a storage period, charges generated by photoelec-
tric conversion;

a transfer element for transferring, in a transfer period,
the charges stored in the photoelectric conversion
element;

a floating diffusion to which the charges stored in the
photoelectric conversion element are transferred
through the transfer element;

a first source follower element for converting the
charges in the floating diffusion into a voltage signal
at a level corresponding to the quantity of the charges
and outputting the voltage signal to the output node;
and

a reset element for resetting, in a reset period, the
floating diffusion to a predetermined potential, and

wherein the signal retaining part includes:

an input node;

a retaining node;

a first sampling part including a first sample-and-hold
capacitor and a first switch element, the first sample-
and-hold capacitor for retaining the read-out signal
output from the output node of the photoelectric
conversion reading part of the pixel and input into
the input node, and the first switch element for
selectively connecting the first sample-and-hold
capacitor to the retaining node;

a second sampling part including a second sample-and-
hold capacitor and a second switch element, the
second sample-and-hold capacitor for retaining the
read-out reset signal output from the output node of
the photoelectric conversion reading part of the pixel
and input into the input node, and the second switch
element for selectively connecting the second
sample-and-hold capacitor to the retaining node; and

an output part including a second source follower
element for outputting, from a source terminal
thereof to the signal line, a signal retained in the first
sample-and-hold capacitor and a signal retained in
the second sample-and-hold capacitor at a level
corresponding to a voltage retained in the retaining
node.

2. The solid-state imaging device according to claim 1,

wherein the input node and the retaining node are con-
nected to each other, and

wherein to the retaining node, the first switch element of
the first sampling part and the second switch element of
the second sampling part are connected in parallel.

3. The solid-state imaging device according to claim 1,

wherein the first sampling part is connected between the
input node and the retaining node,

wherein to the retaining node, the second switch element
of the second sampling part is connected, and

wherein the first sample-and-hold capacitor of the first
sampling part is connected to the input node, and the
first switch element is connected between (i) a con-
necting node between the first sample-and-hold capaci-
tor and the input node and (ii) the retaining node.

4. The solid-state imaging device according to claim 1,

comprising:

a power supply switching part for selectively connecting
a drain of the second source follower element of the
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signal retaining part to one of a power supply potential
and a reference potential; and
a node potential switching part for selectively setting the
retaining node of the signal retaining part to one of a
predetermined voltage level and the reference potential.
5. The solid-state imaging device according to claim 4,
wherein the reading part:
when at least one of the first sample-and-hold capacitor
of the first sampling part of the signal retaining part
and the second sample-and-hold capacitor of the
second sampling part is to be cleared,
controls the power supply switching part to connect the
drain of the second source follower element to the
reference potential;
controls the node potential switching part to set the
retaining node to the reference potential; and
keeps at least one of the first switch element of the first
sampling part of the signal retaining part and the
second switch element of the second sampling part in
a conduction state.
6. The solid-state imaging device according to claim 4,
wherein when, in the signal retaining part,
the input node and the retaining node are connected to
each other, and
the first switch element of the first sampling part and
the second switch element of the second sampling
part are connected in parallel to the retaining node,
the reading part:
during a sampling period in which the pixel signal is
read from the pixel,
controls the power supply switching part to keep the
drain of the second source follower element con-
nected to the reference potential;
during a first clear period within the sampling period,
controls the node potential switching part to keep the
retaining node set to the reference potential, and
keeps the first switch element of the first sampling part
of the signal retaining part and the second switch
element of the second sampling part in a conduction
state so that the first sample-and-hold capacitor of
the first sampling part of the signal retaining part and
the second sample-and-hold capacitor of the second
sampling part are cleared;
in a reset signal reading period, in which the read-out
reset signal is read as the pixel signal from the pixel,
following the first clear period,
keeps the second switch element of the second sam-
pling part in a conduction state for a predetermined
period of time so that the read-out reset signal is
retained in the second sample-and-hold capacitor;
during a second clear period following the reset signal
reading period,
controls the node potential switching part to keep the
retaining node set to the reference potential, and
keeps the first switch element of the first sampling part
of the signal retaining part in a conduction state so
that the first sample-and-hold capacitor of the first
sampling part of the signal retaining part is cleared;
and
in a signal reading period, in which the read-out signal
is read as the pixel signal from the pixel, following
the second clear period,
keeps the first switch element of the first sampling part
in a conduction state for a predetermined period of
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time so that the read-out signal is retained in the first
sample-and-hold capacitor.
7. The solid-state imaging device according to claim 4,
wherein when, in the signal retaining part,
the first sampling part is connected between the input
node and the retaining node,
the second switch element of the second sampling part
is connected to the retaining node, and
the first sample-and-hold capacitor of the first sampling
part is connected to the input node, and the first
switch element is connected between (i) a connecting
node between the first sample-and-hold capacitor
and the input node and (ii) the retaining node,
the reading part:
during a sampling period in which the pixel signal is
read from the pixel,
controls the power supply switching part to keep the
drain of the second source follower element con-
nected to the reference potential;
during a first clear period within the sampling period,
controls the node potential switching part to keep the
retaining node set to the reference potential, and
keeps the first switch element of the first sampling part
of the signal retaining part and the second switch
element of the second sampling part in a conduction
state so that the first sample-and-hold capacitor of
the first sampling part of the signal retaining part and
the second sample-and-hold capacitor of the second
sampling part are cleared;
in a reset signal reading period, in which the read-out
reset signal is read as the pixel signal from the pixel,
following the first clear period,
while keeping the first switch element of the first
sampling part in a conduction state,
keeps the second switch element of the second sam-
pling part in a conduction state for a predetermined
period of time so that the read-out reset signal is
retained in the second sample-and-hold capacitor;
during a second clear period following the reset signal
reading period,
while keeping the second switch element of the second
sampling part in a non-conduction state,
controls the node potential switching part to keep the
retaining node set to the reference potential, and
keeps the first switch element of the first sampling part
of the signal retaining part in a conduction state so
that the first sample-and-hold capacitor of the first
sampling part of the signal retaining part is cleared;
and
during a signal reading period, in which the read-out
signal is read as the pixel signal from the pixel,
following the second clear period,
keeps the first switch element of the first sampling part
in a conduction state for a predetermined period of
time so that the read-out signal is retained in the first
sample-and-hold capacitor.
8. The solid-state imaging device according to claim 6,
comprising
a bus resetting part for, during the sampling period,
keeping a source terminal of the second source follower
element of the signal retaining part to a level of the
reference potential.
9. The solid-state imaging device according to claim 7,
comprising
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a bus resetting part for, during the sampling period,
keeping a source terminal of the second source follower
element of the signal retaining part to a level of the
reference potential.
10. The solid-state imaging device according to claim 6,
wherein when performing a retained signal reading opera-
tion for reading out to the signal line the read-out reset
signal retained in the second sample-and-hold capacitor
of the second sampling part and the read-out signal
retained in the first sample-and-hold capacitor of the
first sampling part,
the reading part:
during a retained signal reading period,
controls the power supply switching part to keep the
drain of the second source follower element con-
nected to the power supply potential;

in a first initial value reading period within the retained
signal reading period,

controls the node potential switching part to keep the
retaining node set at a predetermined potential cor-
responding to an initial value for a predetermined
period of time so that the second source follower
element of the output part reads out to the signal line
a conversion signal at a level corresponding to the
predetermined potential;

in a retained reset signal reading period following the
first initial value reading period,

keeps the second switch element of the second sam-
pling part in a conduction state for a predetermined
period of time so that the second source follower
element of the output part reads out to the signal line
a conversion signal corresponding to a reset signal
retained in the second sample-and-hold capacitor;

in a second initial value reading period following the
retained reset signal reading period,

controls the node potential switching part to keep the
retaining node set to a predetermined potential cor-
responding to an initial value for a predetermined
period of time so that the second source follower
element of the output part reads out to the signal line
a conversion signal at a level corresponding to the
predetermined potential; and

in a retained read-out signal reading period following
the second initial value reading period,

keeps the first switch element of the first sampling part
in a conduction state for a predetermined period of
time so that the second source follower element of
the output part reads out to the signal line a conver-
sion signal corresponding to a signal retained in the
first sample-and-hold capacitor.
11. The solid-state imaging device according to claim 7,
wherein when performing a retained signal reading opera-
tion for reading out to the signal line the read-out reset
signal retained in the second sample-and-hold capacitor
of the second sampling part and the read-out signal
retained in the first sample-and-hold capacitor of the
first sampling part,
the reading part:
during a retained signal reading period,
controls the power supply switching part to keep the
drain of the second source follower element con-
nected to the power supply potential;

in a first initial value reading period within the retained
signal reading period,
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controls the node potential switching part to keep the
retaining node set to a predetermined potential cor-
responding to an initial value for a predetermined
period of time so that the second source follower
element of the output part reads out to the signal line
a conversion signal at a level corresponding to the
predetermined potential;
in a retained reset signal reading period following the
first initial value reading period,
keeps the second switch element of the second sam-
pling part in a conduction state for a predetermined
period of time so that the second source follower
element of the output part reads out to the signal line
a conversion signal corresponding to the reset signal
retained in the second sample-and-hold capacitor;
in a second initial value reading period following the
retained reset signal reading period,
controls the node potential switching part to keep the
retaining node set to a predetermined potential cor-
responding to an initial value for a predetermined
period of time so that the second source follower
element of the output part reads out to the signal line
a conversion signal at a level corresponding to the
predetermined potential; and
in a retained read-out signal reading period following
the second initial value reading period,
keeps the first switch element of the first sampling part
in a conduction state for a predetermined period of
time so that the second source follower element of
the output part reads out to the signal line a conver-
sion signal corresponding to the signal retained in the
first sample-and-hold capacitor.
12. The solid-state imaging device according to claim 4,
wherein the node potential switching part includes:
a selecting part for selecting one of the predetermined
voltage level and the reference potential; and
a switching transistor for selectively connecting an
output from the selecting part to the retaining node of
the signal retaining part, and
wherein the switching transistor
serves as both a switch element and a current source.
13. The solid-state imaging device according to claim 10,
wherein the reading part:

after at least the sampling period ends and before per-
forming the retained signal reading operation, sets the
second source follower element of the output part to an
off state.

14. The solid-state imaging device according to claim 13,

wherein the reading part

after the sampling period ends and before performing the
retained signal reading operation, while the drain of the
second source follower element is kept at the power
supply potential, controls the node potential switching
part to set the retaining node to the reference potential
for a predetermined period of time so that the second
source follower element of the output part is set to an
off state.

15. The solid-state imaging device according to claim 1,

comprising:
a first substrate; and
a second substrate,
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wherein the first substrate and the second substrate have
a stacked structure in which the first substrate and the
second substrate are connected through a connection
part,

wherein the first substrate at least has
at least a portion of the photoelectric conversion read-

ing part of the pixel formed therein, and

wherein the second substrate at least has
at least a portion of the reading part, the signal line and

the signal retaining part formed therein.

16. A method for driving a solid-state imaging device, the

solid-state imaging device including:

a pixel part having a pixel arranged therein, the pixel
including a photoelectric conversion reading part and a
signal retaining part;

a reading part for reading a pixel signal from the pixel
part; and

a signal line to which a retained signal is output from the
signal retaining part,

wherein the pixel signal read from the pixel at least
includes
a pixel signal including a read-out signal and a read-out

reset signal read from the pixel,

wherein the photoelectric conversion reading part of the
pixel at least includes:
an output node;

a photoelectric conversion element for storing therein,
in a storage period, charges generated by photoelec-
tric conversion;

a transfer element for transferring, in a transfer period,
the charges stored in the photoelectric conversion
element;

a floating diffusion to which the charges stored in the
photoelectric conversion element are transferred
through the transfer element;

a first source follower element for converting the
charges in the floating diffusion into a voltage signal
at a level corresponding to the quantity of the charges
and outputting the voltage signal to the output node;
and

a reset element for resetting, in a reset period, the
floating diffusion to a predetermined potential,

wherein the signal retaining part includes:

an input node;

a retaining node;

a first sampling part including a first sample-and-hold
capacitor and a first switch element, the first sample-
and-hold capacitor for retaining the read-out signal
output from the output node of the photoelectric
conversion reading part of the pixel and input into
the input node, and the first switch element for
selectively connecting the first sample-and-hold
capacitor to the retaining node;

a second sampling part including a second sample-and-
hold capacitor and a second switch element, the
second sample-and-hold capacitor for retaining the
read-out reset signal output from the output node of
the photoelectric conversion reading part of the pixel
and input into the input node, and the second switch
element for selectively connecting the second
sample-and-hold capacitor to the retaining node; and

an output part including a second source follower
element for outputting, from a source terminal
thereof to the signal line, a signal retained in the first
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sample-and-hold capacitor and a signal retained in
the second sample-and-hold capacitor at a level
corresponding to a voltage retained in the retaining
node,
wherein the solid-state imaging device further includes
a power supply switching part for selectively connect-
ing a drain of the second source follower element of
the signal retaining part to one of a power supply
potential and a reference potential; and

a node potential switching part for selectively setting
the retaining node of the signal retaining part to one
of a predetermined voltage level and the reference
potential, and
wherein: when, in the signal retaining part,
the input node and the retaining node are connected to
each other, and

the first switch element of the first sampling part and
the second switch element of the second sampling
part are connected in parallel to the retaining node,

during a sampling period in which the pixel signal is
read from the pixel,

the power supply switching part keeps the drain of the
second source follower element connected to the
reference potential;

during a first clear period within the sampling period,

the node potential switching part keeps the retaining
node set to the reference potential, and

the first switch element of the first sampling part of the
signal retaining part and the second switch element
of the second sampling part are kept in a conduction
state so that the first sample-and-hold capacitor of
the first sampling part of the signal retaining part and
the second sample-and-hold capacitor of the second
sampling part are cleared;

in a reset signal reading period, in which the read-out
reset signal is read as the pixel signal from the pixel,
following the first clear period,

the second switch element of the second sampling part
is kept in a conduction state for a predetermined
period of time so that the read-out reset signal is
retained in the second sample-and-hold capacitor;

during a second clear period following the reset signal
reading period,

the node potential switching part keeps the retaining
node set to the reference potential, and

the first switch element of the first sampling part of the
signal retaining part is kept in a conduction state so
that the first sample-and-hold capacitor of the first
sampling part of the signal retaining part is cleared;
and

in a signal reading period, in which the read-out signal
is read as the pixel signal from the pixel, following
the second clear period,

the first switch element of the first sampling part is kept
in a conduction state for a predetermined period of
time so that the read-out signal is retained in the first
sample-and-hold capacitor.

17. A method for driving a solid-state imaging device, the

solid-state imaging device including:

a pixel part having a pixel arranged therein, the pixel
including a photoelectric conversion reading part and a
signal retaining part;

a reading part for reading a pixel signal from the pixel
part; and
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a signal line to which a retained signal is output from the
signal retaining part,

wherein the pixel signal read from the pixel at least
includes

a pixel signal including a read-out signal and a read-out
reset signal read from the pixel,

wherein the photoelectric conversion reading part of the
pixel at least includes:

an output node;

a photoelectric conversion element for storing therein,
in a storage period, charges generated by photoelec-
tric conversion;

a transfer element for transferring, in a transfer period,
the charges stored in the photoelectric conversion
element;

a floating diffusion to which the charges stored in the
photoelectric conversion element are transferred
through the transfer element;

a first source follower element for converting the
charges in the floating diffusion into a voltage signal
at a level corresponding to the quantity of the charges
and outputting the voltage signal to the output node;
and

a reset element for resetting, in a reset period, the
floating diffusion to a predetermined potential,

wherein the signal retaining part includes:

an input node;

a retaining node;

a first sampling part including a first sample-and-hold
capacitor and a first switch element, the first sample-
and-hold capacitor for retaining the read-out signal
output from the output node of the photoelectric
conversion reading part of the pixel and input into
the input node, and the first switch element for
selectively connecting the first sample-and-hold
capacitor to the retaining node;

a second sampling part including a second sample-and-
hold capacitor and a second switch element, the
second sample-and-hold capacitor for retaining the
read-out reset signal output from the output node of
the photoelectric conversion reading part of the pixel
and input into the input node, and the second switch
element for selectively connecting the second
sample-and-hold capacitor to the retaining node; and

an output part including a second source follower
element for outputting, from a source terminal
thereof to the signal line, a signal retained in the first
sample-and-hold capacitor and a signal retained in
the second sample-and-hold capacitor at a level
corresponding to a voltage retained in the retaining
node,

wherein the solid-state imaging device further includes:

a power supply switching part for selectively connect-
ing a drain of the second source follower element of
the signal retaining part to one of a power supply
potential and a reference potential; and

a node potential switching part for selectively setting
the retaining node of the signal retaining part to one
of a predetermined voltage level and the reference
potential.

wherein: when, in the signal retaining part,

the first sampling part is connected between the input

node and the retaining node,
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the second switch element of the second sampling part
is connected to the retaining node, and

the first sample-and-hold capacitor of the first sampling
part is connected to the input node, and the first
switch element is connected between (i) a connecting
node between the first sample-and-hold capacitor
and the input node and (ii) the retaining node,

during a sampling period in which the pixel signal is
read from the pixel,

the power supply switching part keeps the drain of the
second source follower element connected to the
reference potential;

during a first clear period within the sampling period,

the node potential switching part keeps the retaining
node set to the reference potential, and

the first switch element of the first sampling part of the
signal retaining part and the second switch element
of the second sampling part are kept in a conduction
state so that the first sample-and-hold capacitor of
the first sampling part of the signal retaining part and
the second sample-and-hold capacitor of the second
sampling part are cleared;

in a reset signal reading period, in which the read-out
reset signal is read as the pixel signal from the pixel,
following the first clear period,

while the first switch element of the first sampling part
is kept in a conduction state,

the second switch element of the second sampling part
is kept in a conduction state for a predetermined
period of time so that the read-out reset signal is
retained in the second sample-and-hold capacitor;

during a second clear period following the reset signal
reading period,

while the second switch element of the second sam-
pling part is kept in a non-conduction state,

the node potential switching part keeps the retaining
node set to the reference potential, and

the first switch element of the first sampling part of the
signal retaining part is kept in a conduction state so
that the first sample-and-hold capacitor of the first
sampling part of the signal retaining part is cleared;
and

during a signal reading period, in which the read-out
signal is read as the pixel signal from the pixel,
following the second clear period,

the first switch element of the first sampling part is kept
in a conduction state for a predetermined period of
time so that the read-out signal is retained in the first
sample-and-hold capacitor.

18. The method for driving a solid-state imaging device,

according to claim 16,

wherein: when a retained signal reading operation is
performed for reading out to the signal line the read-out
reset signal retained in the second sample-and-hold
capacitor of the second sampling part and the read-out
signal retained in the first sample-and-hold capacitor of
the first sampling part,

during a retained signal reading period,

the power supply switching part keeps the drain of the
second source follower element connected to the power
supply potential;

in a first initial value reading period within the retained
signal reading period,
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the node potential switching part keeps the retaining node
set to a predetermined potential corresponding to an
initial value for a predetermined period of time so that
the second source follower element of the output part
reads out to the signal line a conversion signal at a level
corresponding to the predetermined potential;

in a retained reset signal reading period following the first
initial value reading period,

the second switch element of the second sampling part is
kept in a conduction state for a predetermined period of
time so that the second source follower element of the
output part reads out to the signal line a conversion
signal corresponding to a reset signal retained in the
second sample-and-hold capacitor;

in a second initial value reading period following the
retained reset signal reading period,

the node potential switching part keeps the retaining node
set to a predetermined potential corresponding to an
initial value for a predetermined period of time so that
the second source follower element of the output part
reads out to the signal line a conversion signal at a level
corresponding to the predetermined potential; and

in a retained read-out signal reading period following the
second initial value reading period,

the first switch element of the first sampling part is kept
in a conduction state for a predetermined period of time
so that the second source follower element of the output
part reads out to the signal line a conversion signal
corresponding to a signal retained in the first sample-
and-hold capacitor.

19. The method for driving a solid-state imaging device,

according to claim 17,

wherein: when a retained signal reading operation is
performed for reading out to the signal line the read-out
reset signal retained in the second sample-and-hold
capacitor of the second sampling part and the read-out
signal retained in the first sample-and-hold capacitor of
the first sampling part,

during a retained signal reading period,

the power supply switching part keeps the drain of the
second source follower element connected to the power
supply potential;

in a first initial value reading period within the retained
signal reading period,

the node potential switching part keeps the retaining node
set to a predetermined potential corresponding to an
initial value for a predetermined period of time so that
the second source follower element of the output part
reads out to the signal line a conversion signal at a level
corresponding to the predetermined potential;

in a retained reset signal reading period following the first
initial value reading period,

the second switch element of the second sampling part is
kept in a conduction state for a predetermined period of
time so that the second source follower element of the
output part reads out to the signal line a conversion
signal corresponding to the reset signal retained in the
second sample-and-hold capacitor;

in a second initial value reading period following the
retained reset signal reading period,

the node potential switching part keeps the retaining node
set to a predetermined potential corresponding to an
initial value for a predetermined period of time so that
the second source follower element of the output part
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reads out to the signal line a conversion signal at a level
corresponding to the predetermined potential; and

in a retained read-out signal reading period following the
second initial value reading period,

the first switch element of the first sampling part is kept
in a conduction state for a predetermined period of time
so that the second source follower element of the output
part reads out to the signal line a conversion signal
corresponding to the signal retained in the first sample-
and-hold capacitor.

20. An electronic apparatus comprising:

a solid-state imaging device; and

an optical system for forming a subject image on the
solid-state imaging device,

wherein the solid-state imaging device includes:

a pixel part having a pixel arranged therein, the pixel
including a photoelectric conversion reading part
and a signal retaining part;

a reading part for reading a pixel signal from the pixel
part; and

a signal line to which a retained signal is output from
the signal retaining part, wherein the pixel signal
read from the pixel at least includes

a pixel signal including a read-out signal and a read-out
reset signal read from the pixel,

wherein the photoelectric conversion reading part of the
pixel at least includes:

an output node;

a photoelectric conversion element for storing therein,
in a storage period, charges generated by photoelec-
tric conversion;

a transfer element for transferring, in a transfer period,
the charges stored in the photoelectric conversion
element;

a floating diffusion to which the charges stored in the
photoelectric conversion element are transferred
through the transfer element;
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a first source follower element for converting the
charges in the floating diffusion into a voltage signal
at a level corresponding to the quantity of the charges
and outputting the voltage signal to the output node;
and

a reset element for resetting, in a reset period, the
floating diffusion to a predetermined potential, and

wherein the signal retaining part includes:
an input node;
a retaining node;

a first sampling part including a first sample-and-hold
capacitor and a first switch element, the first sample-
and-hold capacitor for retaining the read-out signal
output from the output node of the photoelectric
conversion reading part of the pixel and input into
the input node, and the first switch element for
selectively connecting the first sample-and-hold
capacitor to the retaining node;

a second sampling part including a second sample-and-
hold capacitor and a second switch element, the
second sample-and-hold capacitor for retaining the
read-out reset signal output from the output node of
the photoelectric conversion reading part of the pixel
and input into the input node, and the second switch
element for selectively connecting the second
sample-and-hold capacitor to the retaining node; and

an output part including a second source follower
element for outputting, from a source terminal
thereof to the signal line, a signal retained in the first
sample-and-hold capacitor and a signal retained in
the second sample-and-hold capacitor at a level
corresponding to a voltage retained at the retaining
node.



