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(57) The present technology relates to an imaging
element and electronic equipment that enable an in-
crease in the amount of saturated charge.

The imaging element includes a substrate, a first
photoelectric conversion region provided in the sub-
strate, a second photoelectric conversion region provid-
ed in the substrate, the second photoelectric conversion
region being adjacentto the first photoelectric conversion
region, a pixel isolation section provided in the substrate
and between the first photoelectric conversionregion and
the second photoelectric conversion region, and a junc-
tion region provided in a side wall of the pixel isolation
section, the junction region including a first impurity re-
gion including first impurities and a second impurity re-
gion including second impurities. The length of a side of
the firstimpurity region formed in the side wall of the pixel
isolation section, the side perpendicularly intersecting
two parallel sides of four sides of the pixel isolation sec-
tion enclosing the first photoelectric conversion region,
is larger than the length between the two parallel sides
of the pixel isolation section. The present technology is
applicable to, for example, an imaging apparatus.
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Description
[Technical Field]

[0001] The present technology relates to an imaging
element and electronic equipment, and in particular, to
an imaging element and electronic equipment in which
a P-type solid phase diffusion layer and an N-type solid
phase diffusion layer are formed in a side wall of an inter-
pixel light shielding wall formed between pixels, to form
an intense electric field region in which charge is held,
thus increasing the amount of saturated charge Qs of
each pixel.

[Background Art]

[0002] In the related art, known is a technology in
which, for the purpose of increasing the amount of satu-
rated charge Qs in each pixel in an imaging element, a
P-type diffusion layer and an N-type diffusion layer are
formed in a side wall of a trench formed between pixels,
to form an intense electric field region in which charge is
held (see, for example, PTL 1).

[Citation List]
[Patent Literature]
[PTL 1]

[0003] Japanese Patent Laid-Open No. 2015-162603

[Summary]
[Technical Problems]

[0004] However, in a structure disclosed in PTL 1, pin-
ning on a light incidence side of an Si (silicon) substrate
may be weakened, and charge generated may flow into
a photodiode, degrading a Dark property. This may lead
to, for example, occurrence of voids and generation of a
dark current. Additionally, a further increase in the
amount of saturated charge is desired.

[0005] In view of these circumstances, an object of the
present technology is to enable inhibition of degradation
of the Dark property and to increase the amount of sat-
urated charge.

[Solution to Problems]

[0006] Animaging element of an aspect of the present
technology includes a substrate, a first photoelectric con-
version region provided in the substrate, a second pho-
toelectric conversion region provided in the substrate,
the second photoelectric conversion region being adja-
cent to the first photoelectric conversion region, a pixel
isolation section provided in the substrate and between
the first photoelectric conversion region and the second
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photoelectric conversion region, and a junction region
provided in a side wall of the pixel isolation section, the
junction region including a first impurity region including
first impurities and a second impurity region including
second impurities, and a length of a side of the first im-
purity region formed in the side wall of the pixel isolation
section, the side perpendicularly intersecting two parallel
sides of four sides of the pixel isolation section enclosing
the first photoelectric conversion region, is larger than a
length between the two parallel sides of the pixel isolation
section.

[0007] Electronic equipment of an aspect of the
present technology is electronic equipment including an
imaging element, the imaging element including a sub-
strate, a first photoelectric conversion region provided in
the substrate, a second photoelectric conversion region
provided in the substrate, the second photoelectric con-
version region being adjacent to the first photoelectric
conversion region, a pixel isolation section provided in
the substrate and between the first photoelectric conver-
sion region and the second photoelectric conversion re-
gion, and a junction region provided in a side wall of the
pixel isolation section, the junction region including a first
impurity region including first impurities and a second
impurity region including second impurities. In the elec-
tronic equipment, a length of a side of the first impurity
region formedin the side wall of the pixel isolation section,
the side perpendicularly intersecting two parallel sides
of four sides of the pixel isolation section enclosing the
first photoelectric conversion region, is larger than a
length between the two parallel sides of the pixel isolation
section.

[0008] The imaging element of the aspect of the
present technology includes the substrate, the first pho-
toelectric conversion region provided in the substrate,
the second photoelectric conversion region provided in
the substrate, the second photoelectric conversion re-
gion being adjacent to the first photoelectric conversion
region, the pixel isolation section provided in the sub-
strate and between the first photoelectric conversion re-
gion and the second photoelectric conversion region, and
the junction region provided in the side wall of the pixel
isolation section, the junction region including the first
impurity region including first impurities and the second
impurity region including second impurities. Additionally,
the imaging element is configured such that the length
of the side of the first impurity region formed in the side
wall of the pixel isolation section, the side perpendicularly
intersecting the two parallel sides the four sides of the
pixel isolation section enclosing the first photoelectric
conversion region, is larger than the length between the
two parallel sides of the pixel isolation section.

[0009] Note that the electronic equipment may be an
independent apparatus or an internal block constituting
one apparatus.
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[Brief Description of Drawings]

[0010]

[FIG. 1]

FIG. 1 is a diagram depicting a configuration exam-
ple of an imaging element.

[FIG. 2]

FIG. 2 is a diagram depicting a configuration exam-
ple of the imaging element.

[FIG. 3]

FIG. 3is avertical cross-sectional view of assistance
in describing a first configuration example of a pixel
to which the present technology is applied.

[FIG. 4]

FIG. 4 is a plan view of a front side of a first embod-
iment of pixels to which the present technology is
applied.

[FIG. 5]

FIG. 5 is a circuit diagram of the pixel.

[FIG. 6]

FIG. 6 depicts diagrams of assistance in describing
a method for manufacturing the DTI 82 and periph-
eral regions.

[FIG. 7]

FIG. 7 is a vertical cross-sectional view depicting a
second configuration example of the pixel to which
the present technology is applied.

[FIG. 8]

FIG. 8 is a vertical cross-sectional view depicting a
third configuration example of the pixel to which the
present technology is applied.

[FIG. 9]

FIG. 9 is a vertical cross-sectional view depicting a
fourth configuration example of the pixel to which the
present technology is applied.

[FIG. 10]

FIG. 10is a vertical cross-sectional view depicting a
fifth configuration example of the pixel to which the
present technology is applied.

[FIG. 11]

FIG. 11 is a vertical cross-sectional view depicting a
sixth configuration example of the pixel to which the
present technology is applied.

[FIG. 12]

FIG. 12is a vertical cross-sectional view depicting a
seventh configuration example of the pixel to which
the present technology is applied.

[FIG. 13]

FIG. 13 is a vertical cross-sectional view depicting
an eighth configuration example of the pixel to which
the present technology is applied.

[FIG. 14]

FIG. 14 is a vertical cross-sectional view depicting a
ninth configuration example of the pixel to which the
present technology is applied.

[FIG. 15]

FIG. 15is a vertical cross-sectional view depicting a
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10th configuration example of the pixel to which the
present technology is applied.

[FIG. 16]

FIG. 16 depicts a vertical cross-sectional view and
aplanview illustrating an 11th configuration example
of the pixel to which the present technology is ap-
plied.

[FIG. 17]

FIG. 17 depicts a vertical cross-sectional view and
a plan view illustrating a 12th configuration example
of the pixel to which the present technology is ap-
plied.

[FIG. 18]

FIG. 18 is a vertical cross-sectional view depicting a
13th configuration example of the pixel to which the
present technology is applied.

[FIG. 19]

FIG. 19 s a vertical cross-sectional view depicting a
14th configuration example of the pixel to which the
present technology is applied.

[FIG. 20]

FIG. 20 is a plan view depicting a configuration ex-
ample of pixels to which the present technology is
applied.

[FIG. 21]

FIG. 21 is a plan view depicting a 15th configuration
example of the pixel to which the present technology
is applied.

[FIG. 22]

FIG. 22 is a plan view depicting another 15th config-
uration example of the pixel to which the present
technology is applied.

[FIG. 23]

FIG. 23 depicts diagrams of assistance in describing
the size of a protruding portion.

[FIG. 24]

FIG. 24 is adiagram of assistance in describing man-
ufacturing of a pixel to which the present technology
is applied.

[FIG. 25]

FIG.25is adiagram of assistance in describing man-
ufacturing of a pixel to which the present technology
is applied.

[FIG. 26]

FIG. 26 is a diagram of assistance in describing the
shape of a trench resulting from etching.

[FIG. 27]

FIG. 27 is a diagram of assistance in describing the
shape of an N-type solid phase diffusion layer result-
ing from etching.

[FIG. 28]

FIG. 28 is a plan view depicting a 16th configuration
example of pixels to which the present technology
is applied.

[FIG. 29]

FIG. 29 is a diagram of assistance in describing the
shape of trenches resulting from etching.

[FIG. 30]
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FIG. 30 is a diagram of assistance in describing the
shape of trenches resulting from etching.

[FIG. 31]

FIG. 31 is a diagram of assistance in describing the
shape of an N-type solid phase diffusion layer result-
ing from etching.

[FIG. 32]

FIG. 32 is a plan view depicting a 17th configuration
example of pixels to which the present technology
is applied.

[FIG. 33]

FIG. 33is adiagram of assistance in describing man-
ufacturing of a pixel to which the present technology
is applied.

[FIG. 34]

FIG. 34 is aplan view depicting an 18th configuration
example of pixels to which the present technology
is applied.

[FIG. 35]

FIG. 35 is a diagram of assistance in describing the
shape of trenches resulting from etching.

[FIG. 36]

FIG. 36 is a plan view depicting a 19th configuration
example of pixels to which the present technology
is applied.

[FIG. 37]

FIG. 37 is a plan view depicting another 19th config-
uration example of pixels to which the present tech-
nology is applied.

[FIG. 38]

FIG. 38 is a diagram of assistance in describing the
shape of trenches resulting from etching.

[FIG. 39]

FIG. 39 is a plan view depicting a 20th configuration
example of pixels to which the present technology
is applied.

[FIG. 40]

FIG. 40 depicts diagrams of assistance in describing
effects.

[FIG. 41]

FIG. 41 is a plan view depicting another 20th config-
uration example of a pixel to which the present tech-
nology is applied.

[FIG. 42]

FIG. 42 is a plan view depicting a 21st configuration
example of a pixel to which the present technology
is applied.

[FIG. 43]

FIG. 43 is a cross-sectional view depicting the 21st
configuration example of the pixel to which the
present technology is applied.

[FIG. 44]

FIG. 44 is ablock diagram of assistance in describing
a functional configuration of an imaging apparatus
according to an embodiment of the present disclo-
sure.

[FIG. 45]

FIG. 45 is a schematic plan view of assistance in
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describing a general configuration of the imaging ap-
paratus depicted in FIG. 44.

[FIG. 46]

FIG. 46 is a schematic diagram illustrating a cross-
sectional configuration taken along line IlI-III’ depict-
ed in FIG. 45.

[FIG. 47]

FIG. 47 is an equivalent circuit diagram of a pixel
sharing unit depicted in FIG. 44.

[FIG. 48]

FIG. 48 is a diagram illustrating an example of a con-
nection aspect of a plurality of pixel sharing units and
a plurality of vertical signal lines.

[FIG. 49]

FIG. 49 is a schematic cross-sectional view illustrat-
ing an example of a specific configuration of the im-
aging apparatus depicted in FIG. 46.

[FIG. 50]

FIG. 50 is a schematic diagram illustrating an exam-
ple of a planar configuration of a main part of a first
substrate depicted in FIG. 49.

[FIG. 51]

FIG. 50 is a schematic diagram illustrating a planar
configuration of a pad portion along with the main
part of the first substrate depicted in FIG. 50.

[FIG. 52]

FIG. 52 is a schematic diagram illustrating an exam-
ple of a planar configuration of a second substrate
(semiconductor layer) depicted in FIG. 49.

[FIG. 53]

FIG. 53 is a schematic diagram illustrating an exam-
ple of a planar configuration of main parts of pixel
circuits and a first substrate along with a first inter-
connect layer depicted in FIG. 49.

[FIG. 54]

FIG. 54 is a schematic diagram illustrating an exam-
ple of a planar configuration of a first interconnect
layer and a second interconnect layer depicted in
FIG. 49.

[FIG. 55]

FIG. 55 is a schematic diagram illustrating an exam-
ple of a planar configuration of a second interconnect
layer and a third interconnect layer depicted in FIG.
49.

[FIG. 56]

FIG. 56 is a schematic diagram illustrating an exam-
ple of a planar configuration of a third interconnect
layer and a fourth interconnect layer depicted in FIG.
49.

[FIG. 57]

FIG. 57 is a schematic diagram of assistance in de-
scribing a path of an input signal to the imaging ap-
paratus depicted in FIG. 46.

[FIG. 58]

FIG. 58 is a schematic diagram of assistance in de-
scribing a signal path of a pixel signal to the imaging
apparatus depicted in FIG. 46.

[FIG. 59]
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FIG. 59is a schematic diagramiillustrating a modified
example of a planar configuration of a second sub-
strate (semiconductor layer) depicted in FIG. 52.
[FIG. 60]

FIG. 60 is a schematic diagram illustrating a planar
configuration of main parts of a first interconnect lay-
er and a first substrate along with pixel circuits de-
picted in FIG. 59.

[FIG. 61]

FIG. 61 is a schematic diagram illustrating a planar
configuration of a second interconnect layer along
with the first interconnect layer depicted in FIG. 60.
[FIG. 62]

FIG. 62 is a schematic diagram illustrating a planar
configuration of a third interconnect layer along with
the second interconnect layer depicted in FIG. 61.
[FIG. 63]

FIG. 63 is a schematic diagram illustrating a planar
configuration of afourth interconnectlayer along with
the third interconnect layer depicted in FIG. 62.
[FIG. 64]

FIG. 64 is a schematic diagramiillustrating a modified
example of a planar configuration of the first sub-
strate depicted in FIG. 50.

[FIG. 65]

FIG. 65 is a schematic diagram illustrating an exam-
ple of a planar configuration of a second substrate
(semiconductor layer) stacked on the first substrate
depicted in FIG. 64.

[FIG. 66]

FIG. 66 is a schematic diagram illustrating an exam-
ple of a planar configuration of a first interconnect
layer along with pixel circuits depicted in FIG. 65.
[FIG. 67]

FIG. 67 is a schematic diagram illustrating an exam-
ple of a planar configuration of a second interconnect
layer along with the first interconnect layer depicted
in FIG. 66.

[FIG. 68]

FIG. 68 is a schematic diagram illustrating an exam-
ple of a planar configuration of a third interconnect
layer along with the second interconnect layer de-
picted in FIG. 67.

[FIG. 69]

FIG. 69is a schematic diagram illustrating an exam-
ple of a planar configuration of a fourth interconnect
layer along with the third interconnect layer depicted
in FIG. 68.

[FIG. 70]

FIG. 70 is a schematic diagram illustrating another
example of the planar configuration of the first sub-
strate depicted in FIG. 64.

[FIG. 71]

FIG. 71 is a schematic diagram illustrating an exam-
ple of a planar configuration of a second substrate
(semiconductor layer) stacked on the first substrate
depicted in FIG. 70.

[FIG. 72]
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FIG. 72 is a schematic diagram illustrating an exam-
ple of a planar configuration of a first interconnect
layer along with pixel circuits depicted in FIG. 71.
[FIG. 73]

FIG. 73 is a schematic diagram illustrating an exam-
ple of a planar configuration of a second interconnect
layer along with the first interconnect layer depicted
in FIG. 72.

[FIG. 74]

FIG. 74 is a schematic diagram illustrating an exam-
ple of a planar configuration of a third interconnect
layer along with the second interconnect layer de-
picted in FIG. 73.

[FIG. 75]

FIG. 75 is a schematic diagram illustrating an exam-
ple of a planar configuration of a fourth interconnect
layer along with the third interconnect layer depicted
in FIG. 74.

[FIG. 76]

FIG. 76 is a schematic cross-sectional view illustrat-
ing another example of the imaging apparatus de-
picted in FIG. 46.

[FIG. 77]

FIG. 77 is a schematic diagram of assistance in de-
scribing a path of an input signal to the imaging ap-
paratus depicted in FIG. 76.

[FIG. 78]

FIG. 78 is a schematic diagram of assistance in de-
scribing a signal path of a pixel signal to the imaging
apparatus depicted in FIG. 76.

[FIG. 79]

FIG. 79 is a schematic cross-sectional view illustrat-
ing another example of the imaging apparatus de-
picted in FIG. 49.

[FIG. 80]

FIG. 80 is a diagram illustrating another example of
an equivalent circuit depicted in FIG. 4.

[FIG. 81]

FIG. 81 is a schematic plan view illustrating another
example of a pixel isolation section depicted in FIG.
50 and the like.

[FIG. 82]

FIG. 82 is a diagramillustrating an example of a gen-
eral configuration of an imaging system including an
imaging apparatus according to the embodiments
and the modified examples described above.

[FIG. 83]

FIG. 83 is a diagram illustrating an example of an
imaging procedure of the imaging system depicted
in FIG. 82.

[FIG. 84]

FIG. 84 is aview depicting an example of a schematic
configuration of an endoscopic surgery system.
[FIG. 85]

FIG. 85 is a block diagram depicting an example of
a functional configuration of a camera head and a
camera control unit (CCU).

[FIG. 86]
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FIG. 86 is a block diagram depicting an example of
schematic configuration of a vehicle control system.
[FIG. 87]

FIG. 87 is a diagram of assistance in explaining an
example of installation positions of an outside-vehi-
cle information detecting section and an imaging
section.

[Description of Embodiments]

[0011] Embodiments of the present technology (here-
inafter referred to as embodiments) will be described be-
low.

[0012] The present technology is applicable to an im-
aging apparatus, and thus the following description
takes, as an example, a case where the present technol-
ogy is applied to an imaging apparatus. Note that the
description will be continued taking the imaging appara-
tus as an example but the present technology is not lim-
ited to the application to the imaging apparatus and is
applicable to electronic equipment using an imaging ap-
paratus as an image reading section (photoelectric con-
version region) in general, for example, imaging appara-
tuses such as digital still cameras and video cameras,
portable terminal apparatuses, such as cellular phones,
which include an imaging function, and copiers using an
imaging apparatus as an image reading section. Note
that a modular configuration mounted in the electronic
equipment, that is, a camera module, may be regarded
as an imaging apparatus.

[0013] FIG. 1 is a block diagram depicting a configu-
ration example of an imaging apparatus as an example
of electronic equipment of the present disclosure. As de-
picted in FIG. 1, an imaging apparatus 10 includes an
optical system including a lens group 11 and the like, an
imaging element 12, a DSP circuit 13 corresponding to
a camera signal processing section, a frame memory 14,
adisplay section 15, arecording section 16, an operation
system 17, a power supply system 18, and the like.
[0014] In addition, the imaging apparatus 10 is config-
ured such that the DSP circuit 13, the frame memory 14,
the display section 15, the recording section 16, the op-
eration system 17, and the power supply system 18 are
connected together via a bus line 19. A CPU 20 controls
sections in the imaging apparatus 10.

[0015] Thelensgroup 11 capturesincidentlight (image
light) from a subject and forms the light into an image on
an imaging surface of the imaging element 12. The im-
aging element 12 converts, into an electric signal in units
of pixels, the amount of incident light formed into an im-
age on the imaging surface by the lens group 11, and
outputs the electric signal as a pixel signal. As the imag-
ing element 12, an imaging element including pixels de-
scribed below (image sensor) can be used.

[0016] The display section 15 includes a panel display
section, such as a liquid crystal display section or an or-
ganic EL (electro luminescence) display section, and dis-
plays moving images or still images captured by the im-
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aging element 12. The recording section 16 records, in
a recording medium such as an HDD (Hard Disk Drive)
oramemory card, moving images or stillimages captured
by the imaging element 12.

[0017] The operation system 17 provides operation
commands for various functions of the imaging apparatus
under the operation of a user. The power supply system
18 provides various types of power supplies used as op-
erating power supplies for the DSP circuit 13, the frame
memory 14, the display section 15, the recording section
16, and the operation system 17, to these supply targets
as appropriate.

<Configuration of Imaging Element>

[0018] FIG. 2 is a block diagram depicting a configu-
ration example of the imaging element 12. The imaging
element 12 may be a CMOS (Complementary Metal Ox-
ide Semiconductor) image sensor.

[0019] The imaging element 12 includes a pixel array
section 41, a vertical driving section 42, a column
processing section 43, a horizontal driving section 44,
and a system control section 45. The pixel array section
41, the vertical driving section 42, the column processing
section 43, the horizontal driving section 44, and the sys-
tem control section 45 are formed in an unillustrated sem-
iconductor substrate (chip).

[0020] The pixel array section 41 includes unit pixels
(for example, a pixel 50 in FIG. 3) arranged two-dimen-
sionally in a matrix, the unit pixels each including a pho-
toelectric conversion element generating photocharge
with an amount of charge corresponding to the amount
of incident light and storing the photocharge inside. Note
that the photocharge with an amount of charge corre-
sponding to the amount of incident light is hereinafter
simply referred to as a "charge" and that the unit pixel
may simply be described as a "pixel."

[0021] The pixel array section 41 further includes pixel
driving lines 46 formed for the respective rows of the ma-
trix-like pixel array along the lateral direction of the figure
(array direction of the pixels in pixel rows) and vertical
signal lines 47 formed for the respective columns of the
matrix-like pixel array along the up-down direction of the
figure (array direction of the pixels in pixel columns). One
end of each of the pixel driving lines 46 is connected to
one of output ends of the vertical driving section 42 that
corresponds to the row corresponding to the pixel driving
line 46.

[0022] The imaging element 12 further includes a sig-
nal processing section 48 and a data storage section 49.
The signal processing section 48 and the data storage
section 49 may include processing executed by an ex-
ternal signal processing unit, for example, a DSP (Digital
Signal Processor) or software, provided in a substrate
different from a substrate in which the imaging element
12is provided, or may be mounted on the same substrate
as that in which the imaging element 12 is provided.
[0023] The vertical driving section 42 includes a shift
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register, an address decoder, or the like, and simultane-
ously drives all the pixels in the pixel array section 41 or
drives the pixels in units of rows or the like. Although a
specific configuration of the vertical driving section 42 is
not illustrated, the vertical driving section 42 includes a
readout scanning system, a sweep-out scanning system,
or batch sweep-out and batch transfer.

[0024] To read out signals from the unit pixels, the re-
adout scanning system selectively scans the unit pixels
in the pixel array section 41 sequentially in units of rows.
In a case of row driving (rolling shutter operation), for
sweep-out, sweep-out scanning is performed, earlier
than readout scanning by a time corresponding to a shut-
ter speed, on readout rows on which readout scanning
is to be performed by the readout scanning system. Ad-
ditionally, in a case of global exposure (global shutter
operation), batch sweep-out is performed earlier than
batch transfer by the time corresponding to the shutter
speed.

[0025] The sweepout sweeps out unnecessary charge
from photoelectric conversion elements in the unit pixels
in the readout rows (reset). Then, sweep-out of the un-
necessary charge (reset) causes what is called an elec-
tronic shutter operation to be performed. Here, the elec-
tronic shutter operation refers to an operation discarding
photocharge from the photoelectric conversion elements
and newly starting exposure (starting storage of photo-
charge).

[0026] Signals read out by the readout operation of the
readout scanning system correspond to the amount of
lighthaving been incident since the last readout operation
or electronic shutter operation. In a case of row driving,
a photocharge storage period (exposure period) for the
unit pixel corresponds to the period from the timing of
readout by the last readout operation or the timing of
sweep-out by the last electronic shutter operation to the
timing of readout by the current readout operation. In a
case of global exposure, the storage period (exposure
period) corresponds to the period from batch sweep-out
to batch transfer.

[0027] Pixel signals output from the unit pixels in the
pixel row selectively scanned by the vertical driving sec-
tion 42 are fed to the column processing section 43
through the vertical signal lines 47. The column process-
ing section 43 executes, for each pixel column of the pixel
array section 41, predetermined signal processing on the
pixel signals output from the unit pixels in the selected
row through the vertical signal lines 47, and temporarily
holds the pixel signal subjected to the signal processing.
[0028] Specifically, the column processing section 43
executes, as signal processing, at least noise removal
processing, for example, CDS (Correlated Double Sam-
pling). The correlated double sampling by the column
processing section 43 removes pixel-specific fixed pat-
tern noise such as reset noise and variation in threshold
for amplifying transistors. Note that the column process-
ing section 43 can be provided with, for example, an AD
(Analog-Digital) conversion function, besides the noise
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removal processing, to output a signal level using a digital
signal.

[0029] The horizontal driving section 44 includes a shift
register, an address decoder, or the like and sequentially
selects unit circuits corresponding to pixel columns in the
column processing section 43. The selective scanning
by the horizontal driving section 44 causes the pixel sig-
nals subjected to the signal processing by the column
processing section 43 to be sequentially output to the
signal processing section 48.

[0030] The system control section 45 includes, for ex-
ample, a timing generator generating various timing sig-
nals, and drives and controls the vertical driving section
42, the column processing section 43, the horizontal driv-
ing section 44, and the like on the basis of the various
timing signals generated by the timing generator.
[0031] The signal processing section 48 includes at
least an addition processing function to execute various
types of signal processing, such as addition processing,
on pixel signals output from the column processing sec-
tion 43. The data storage section 49 temporarily stores,
for signal processing in the signal processing section 48,
data required for the processing.

<Structure of Unit Pixel>

[0032] Now, a specific structure of each of unit pixels
50 arranged in the pixel array section 41 in a matrix will
be described. The pixel 50 described below can reduce
the possibility that pinning on a light incidence side of an
Si (silicon) substrate (in FIG. 3, an Si substrate 70) is
weakened to cause charge generated to flow into a pho-
todiode (in FIG. 3, a PD 71) to degrade the Dark property,
leading to, forexample, occurrence of voids or generation
of a dark current.

<Configuration Example of Pixel in First Embodiment>

[0033] FIG.3isa vertical cross-sectional view of a pixel
50a in a first embodiment of the pixel 50 to which the
present technology is applied, and FIG. 4 is a plan view
of a front side of the pixel 50a. Note that FIG. 3 corre-
sponds to the position of a segment X-X' in FIG. 4.
[0034] The pixel 50 will be described below taking, as
an example, a configuration in which the pixel 50 is of a
back-illuminated type. However, the present technology
can also be applied to a front-illuminated type.

[0035] The pixel 50 depicted in FIG. 3 includes a PD
(photodiode) 71 used as a photoelectric conversion ele-
ment in each of the pixels formed inside the Si substrate
70. A P-type region 72 is formed on a light incidence side
of the PD 71 (in the figure, a lower side corresponding
to a back side), and a planarization film 73 is further
formed below the P-type region 72. The boundary be-
tween the P-type region 72 and the planarization film 73
corresponds to a back side Si interface 75.

[0036] Light shielding films 74 are formed in the
planarization film 73. The light shielding films 74 are pro-
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vided to prevent light from leaking into adjacent pixels
and are formed between the adjacent PDs 71. The light
shielding films 74 include a metal material, for example,
W (tungsten).

[0037] An OCL (On Chip Lens) 76 focusing incident
light on the PD 71 is formed on the planarization film 73
and thus on the back side of the Si substrate 70. The
OCL 76 may include an inorganic material, and for ex-
ample, SiN, SiO, or SiOxNy (provided, 0 <x<1and 0 <
y < 1) can be used as the inorganic material.

[0038] Although not depicted in FIG. 3, the pixel can
be configured such that a transparent plate such as cover
glass or resin is bonded onto the OCL 76. Additionally,
although not depicted in FIG. 3, the pixel may be config-
ured such that a color filter layer is formed between the
OCL 76 and the planarization film 73. In addition, the
pixel can be configured such that, in the color filter layer,
a plurality of color filters are provided in each pixel and
such that the colors of the color filers are, for example,
arranged according to a Bayer arrangement.

[0039] An active region (Pwell) 77 is formed opposite
to the light incidence side of the PD 71 (in the figure, an
upper side corresponding to the front side). Element iso-
lation regions (hereinafter referred to as STI (Shallow
Trench Isolation)) 78 isolating pixel transistors and the
like from one another are formed in the active region 77.
[0040] An interconnect layer 79 is formed on the front
side of the Si substrate 70 (in the drawing, the upper side)
and thus on the active region 77, and a plurality of tran-
sistors are formed in the interconnect layer 79. FIG. 3
depicts an example in which transfer transistors 80 are
formed in the interconnect layer 79. The transfer transis-
tors (gates) 80 include vertical transistors. Specifically,
for the transfer transistors (gates) 80, a vertical transistor
trench 81 is formed, and then a transfer gate (TG) 80 for
reading outcharge fromthe PD 71 is formed at the vertical
transistor trench 81.

[0041] Further, pixel transistors such as an amplifying
(AMP) transistor, a select (SEL) transistor, and a reset
(RST) transistor are formed on the front side of the Si
substrate 70. The arrangement of the transistors will be
described with reference to FIG. 4, and operations of the
transistors will be described with reference to a circuit
diagram in FIG. 5.

[0042] A trench is formed between the pixels 50a and
is described as DTI (Deep Trench Isolation) 82. The DTI
82 is formed between the adjacent pixels 50a and is
shaped to penetrate the Si substrate 70 in a depth direc-
tion (in the figure, the vertical direction corresponding to
a direction from the front surface to the back surface).
Additionally, the DTI 82 also functions as a light shielding
wall between the pixels to prevent unnecessary light from
leaking to the adjacent pixels 50a.

[0043] Between the PD 71 and the DTI 82, a P-type
solid phase diffusion layer 83 and an N-type solid phase
diffusion layer 84 are formed in this order from the DTI
82 side toward the PD 71. The P-type solid phase diffu-
sion layer 83 is formed to extend along the DTI 82 until
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coming into contact with the back side Si interface 75 of
the Sisubstrate 70. The N-type solid phase diffusion layer
84 is formed to extend along the DTI 82 until coming into
contact with the P-type region 72 of the Si substrate 70.
[0044] Note that the solid phase diffusion layers refer
to layers formed in accordance with a manufacturing
method described below and used to form a P-type layer
and an N-type layer by impurity doping but the present
technology is not limited to the manufacturing method
based on solid phase diffusion and a P type layer and an
N type layer generated in accordance with another man-
ufacturing method such as ion injection may each be pro-
vided between the DTI 82 and the PD 71. Additionally,
the PD 71 in the embodiment includes an N-type region.
Photoelectric conversion is performed in some or all of
the N-type regions.

[0045] The P-type solid phase diffusion layer 83 is
formed to extend until coming into contact with the back
side Si interface 75, whereas the N-type solid phase dif-
fusion layer 84 does not contact the back side Siinterface
75, with a space provided between the N-type solid phase
diffusion layer 84 and the back side Si interface 75.
[0046] In such a configuration, a PN junction region
between the P-type solid phase diffusion layer 83 and
the N-type solid phase diffusion layer 84 forms an intense
electric field region to hold charge generated by the PD
71. According to such a configuration, the P-type solid
phase diffusion layer 83 and the N-type solid phase dif-
fusion layer 84 formed along the DTl 82 can form an
intense electric field region to hold charge generated by
the PD 71.

[0047] If the N-type solid phase diffusion layer 84 is
formed to extend along the DTI 82 until coming into con-
tact with the back side Si interface 75 of the Si substrate
70, pinning of charge is weakened in a portion in which
the N-type solid phase diffusion layer 84 contacts the
back side Si interface 75 of the Si substrate 70 corre-
sponding to the light incidence surface side, and charge
generated flows into the PD 71 to degrade the Dark prop-
erty, leading to, for example, occurrence of voids and
generation of a dark current.

[0048] However, the pixel 50a depicted in FIG. 3 is
configured such that the N-type solid phase diffusion lay-
er 84 does not contact the back side Si interface 75 of
the Si substrate 70 but contacts the P-type region 72 of
the Sisubstrate 70 along the DTI182. Such a configuration
allows prevention of weakening of pinning of charge, en-
abling prevention of flow of the charge into the PD 71
that would otherwise degrade the Dark property.

[0049] Additionally, in the pixel 50a depicted in FIG. 3,
a side wall film 85 including SiO2 is formed on an inner
wall of the DTI 82, and a filler 86 including polysilicon is
embedded inside the side wall film 85.

[0050] The pixel 50a in the first embodiment is config-
ured such that the P-type region 72 is provided on the
back side, precluding the PD 71 and the N-type solid
phase diffusion layer 84 from being present near the back
side Si interface 75. This prevents weakening of pinning
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near the back side Si interface 75, allowing generated
charge to be inhibited from flowing into the PD 71 to de-
grade the Dark property.

[0051] Note that, instead of SiO2 adopted for the side
wall film 85, SiN may be used for the DTI 82. Additionally,
instead of polysilicon adopted for the filler 86, doping
polysilicon may be used. In a case where the DTI 82 is
filled with doping polysilicon or is doped with N-type im-
purities or P-type impurities after being filled with polysil-
icon, application of a negative bias to the DTI 82 allows
enhancing of the pinning on the side wall of the DTI 82,
enabling the Dark property to be further improved.
[0052] WithreferencetoFIG.4andFIG.5,thearrange-
ment of the transistors formed in the pixel 50a and the
operations of the transistors will be described. FIG. 4 is
a plan view of 3 X 3 =9 pixels 50a arranged in the pixel
array section 41 (FIG. 2) as viewed from the front side
(inFIG. 3, from the upper side). FIG. 5is a circuit diagram
of assistance in describing a connection relation among
the transistors depicted in FIG. 4.

[0053] In FIG. 4, one rectangle represents one pixel
50a.As depicted inFIG. 4,the DTI82is formed to enclose
the pixel 50a (PD 71 included in the pixel 50a). Addition-
ally, transfer transistors (gates) 80, FD (floating diffusion)
91, reset transistors 92, amplifying transistors 93, and
select transistors 94 are formed on the front side of the
pixel 50a.

[0054] The PD 71 generates and stores charge (signal
charge) corresponding to the amount of light received.
The PD 71 includes an anode terminal grounded and a
cathode terminal connected to the FD 91 via the transfer
transistor (gate) 80.

[0055] When turned on by a transfer signal TR, the
transfer transistor 80 reads out charge generated by the
PD 71 and transfers the charge to the FD 91.

[0056] The FD 91 holds the charge read out from the
PD 71. When the reset transistor 92 is turned on by a
reset signal RST, the charge stored in the FD 91 is dis-
charged to a drain (constant voltage source Vdd) to reset
the potential of the FD 91.

[0057] The amplifying transistor 93 outputs a pixel sig-
nal corresponding to the potential of the FD 91. Specifi-
cally, the amplifying transistor 93 constitutes a source
follower circuit along with aload MOS (not depicted) con-
nected to the amplifying transistor 93 via a vertical signal
line 33 and used as a constant current source. A pixel
signal indicating a level corresponding to the charge
storedin the FD 91 is output from the amplifying transistor
93 to the column processing section 43 (FIG. 2) via the
select transistor 94 and the vertical signal line 47.
[0058] The select transistor 94 is turned on when a
pixel 31 is selected by a select signal SEL, and outputs
a pixel signal from the pixel 31 to the column processing
section 43 via the vertical signal line 33. Signal lines
through which the transfer signal TR, the select signal
SEL, and the reset signal RST are transmitted corre-
spond to the pixel driving lines 46 in FIG. 2.

[0059] The pixel 50a can be configured as described
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above. However, the pixel 50a is not limited to this con-
figuration, and another configuration can be adopted.

<Method for Manufacturing DTI 82 and Peripheral Re-
gions>

[0060] FIG. 6 is a diagram of assistance in describing
a method for manufacturing the DTI 82 and peripheral
regions.

[0061] When the DTI 82 is formed in the Si substrate
70, the entire Si substrate 70 except for the position
where the DTI 82 is to be formed is covered with a hard
mask including SiN and SiO2, and the portion not covered
with the hard mask is dry etched to form a trench extend-
ing through the Si substrate 70 in the vertical direction
downtoapredetermined depth, as depicted in Aof FIG. 6.
[0062] Then, an SiO2 film including P (phosphorous)
corresponding to N-type impurities is formed inside the
trench formed, and is thermally treated to dope the Si
substrate 70 with P (phosphorous) from the SiO2 film
(the doping is hereinafter referred to as solid phase dif-
fusion).

[0063] Then, as depicted in B of FIG. 6, the SiO2 film
that is formed inside the trench formed and that includes
P is removed, and thermal treatment is executed again
to diffuse P (phosphorous) into the Si substrate 70 and
thereby form an N-type solid phase diffusion layer 84
self-aligned with the current shape of the trench. Subse-
quently, a bottom portion of the trench is etched by dry
etching to extend the trench in the depth direction.
[0064] Then, as depicted in C of FIG. 6, an SiO2 film
including B (boron) corresponding to P-type impurities is
formed inside the extended trench and thermally treated
to cause solid phase diffusion to diffuse B (boron) from
the SiO2 film toward the Si substrate 70 side. According-
ly, formed is a P-type solid phase diffusion layer 83 that
is self-aligned with the shape of the extended trench.
[0065] Subsequently, the SiO2 films that are formed
on the inner walls of the trench and thatinclude B (boron)
are removed.

[0066] Then, as depicted in D of FIG. 6, a side wall film
85 including SiO2 is formed on the inner wall of the trench
formed, and the trench is filled with polysilicon to form
DTI 82. Subsequently, pixel transistors and intercon-
nects are formed. Then, the Si substrate 70 is thinned
from the back side. During the thinning, including the P-
type solid phase diffusion layer 83, the bottom portion of
the DTI 82 is simultaneously thinned. The thinning is per-
formed up to a depth not reaching the N-type solid phase
diffusion layer 84.

[0067] Theabove-described processallows anintense
electric field region to be formed adjacent to PD 71, the
intense electric field region including the N-type solid
phase diffusion layer 84 notin contact with the back side
Siiinterface 75 and the P-type solid phase diffusion layer
83 in contact with the back side Si interface 75.
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<Second Embodiment>

[0068] FIG.7isavertical cross-sectional view of a pixel
50b in a second embodiment to which the present tech-
nology is applied.

[0069] The second embodiment differs from the first
embodiment in that the DTI 82 is formed in the STI 78,
but is otherwise similar to the first embodiment. Similar
components of the embodiments are denoted by the
same reference signs, and description of such compo-
nents is omitted as appropriate. In the description below
of the pixel 50, the same components as those of the
pixel 50b in the firstembodiment are denoted by the same
reference signs, and description of the components is
omitted as appropriate.

[0070] In the pixel 50b depicted in FIG. 7, STI 78b
formed in the active region 77 is formed to extend to a
portion in which the DTI 82b is formed (extend to an end
of the pixel 50b). In addition, the DTI 82b is formed below
the STI 78b.

[0071] In other words, the STI 78b is formed at the
portion in which the DTI 82b is formed, and the STI 78b
and the DTI 82b are formed at a position where the STI
78b and the DTI 82b contact each other.

[0072] Such formation enables the pixel 50b to be
made smaller as compared to the configuration where
the STI 78b and the DTI 82b are formed at different po-
sitions (for example, the pixel 50a in the first embodiment
(FIG. 3)).

[0073] Additionally, the pixel 50b in the second embod-
iment can also produce an effect similar to the effect of
the pixel 50a, that is, the effect of enabling prevention of
degradation of the Dark property.

<Third Embodiment>

[0074] FIG.8is avertical cross-sectional view of a pixel
50c in a third embodiment to which the present technol-
ogy is applied.

[0075] A pixel in the third embodiment differs from the
pixel 50a and the pixel 50b in the first and second em-
bodiments in that a film 101 with a negative fixed charge
is formed on a side wall of DTI 82¢ and that the inside of
the film 101 is filled with SiO2 as a filler 86c.

[0076] The pixel 50a in the first embodiment is config-
ured such that the side wall film 85 of SiO2 is formed on
the side wall of the DTI 82 which is filled with polysilicon,
whereas, in the pixel 50c in the third embodiment, the
film 101 with the negative fixed charge is formed on the
side wall of the DTI 82c, with the inside of the film 101
filled with SiO2.

[0077] The film 101 that is formed on the side wall of
the DTI 82c and that has the negative fixed charge may
include, for example, a hafnium oxide (HfO2) film, an
aluminum oxide (AI203) film, a zirconium oxide (ZrO2)
film, a tantalum oxide (Ta205) film, or a titanium oxide
(TiO2)film. The above-described types of films have suc-
cessfully been used as gate insulating films in insulated-
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gate field effect transistors. Thus, film formation methods
have been established, allowing easy film formation.
[0078] Examples of the film formation method include
chemical vapor deposition, sputtering, and atomic layer
deposition, and the atomic layer deposition is suitably
used because this method allows an SiO2 layer reducing
an interface state to be simultaneously formed to a thick-
ness of approximately 1 nm during film formation.
[0079] Additionally, materials other than those listed
above include lanthanum oxide (La203), praseodymium
oxide (Pr203), cerium oxide (CeO2), neodymium oxide
(Nd203), promethium oxide (Pm203), samarium oxide
(Sm203), europium oxide (Eu203), gadolinium oxide
(Gd203), terbium oxide (Tb203), dysprosium oxide
(Dy203), holmium oxide (Ho0203), erbium oxide
(Er203), thulium oxide (Tm203), ytterbium oxide
(Yb203), lutetium oxide (Lu203), yttrium oxide (Y203),
and the like.

[0080] Further, the film 101 with the negative fixed
charge may include a hafnium nitride film, an aluminum
nitride film, a hafnium oxynitride film, or an aluminum
oxynitride film.

[0081] The film 101 with the negative fixed charge may
include silicon (Si) or nitrogen (N) added into the film to
the extent that the insulation property is not impaired.
The concentration of silicon or nitrogen is determined as
appropriate to the extent that the insulation property is
not impaired. However, for prevention of image defects
such as voids, additives such as the silicon and nitrogen
described above are preferably added to a front surface
of the film 101 with the negative fixed charge, that is, the
surface of the film 101 opposite to the PD 71 side. As
described above, addition of silicon (Si) or nitrogen (N)
enables improvement of heat resistance of the film and
the capability of inhibiting ion injection during the process.
[0082] In the third embodiment, pinning of the trench
side wall of the DTl 82 can be enhanced. Accordingly,
for example, compared to the pixel 50a in the first em-
bodiment, the pixel 50c enables the Dark property to be
reliably prevented from being degraded.

[0083] For formation of the DTI 82 in the third embod-
iment, in a state depicted in D of FIG. 6, the back side
may be polished until the polysilicon provided as the filler
86 is exposed. Then, the filler 86 (polysilicon) inside the
trench and the side wall film 85 (SiO2) may be removed
using photoresist and wet etching, the film 101 may be
formed, and the trench may be filled with SiO2.

[0084] Notethat,instead of SiO2, a metalmaterial such
as W (tungsten) may be used tofill the inside of the trench.
This reduces the light transmission, through the DTI 82,
of incident light traveling in an oblique direction, allowing
color mixing to be reduced.

<Fourth Embodiment>
[0085] FIG.9isa vertical cross-sectional view of a pixel

50d in a fourth embodiment to which the present tech-
nology is applied.
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[0086] The fourthembodiment differs from the firstem-
bodiment in that an N-type solid phase diffusion layer
84dformed along the DTI 82 has a concentration gradient
in the depth direction of the Si substrate 70, but the pixel
in the fourth embodiment is otherwise similar to the pixel
50a in the first embodiment.

[0087] The N-type impurities in the N-type solid phase
diffusion layer 84 in the pixel 50a in the first embodiment
have a constant concentration regardless of the depth
direction, whereas N-type impurities in an N-type solid
phase diffusion layer 84d of a pixel 50d in the fourth em-
bodiment have a concentration depending on the depth
direction.

[0088] Specifically, an N-type solid phase diffusion lay-
er 84d-1 close to a front side of the N-type solid phase
diffusion layer 84d in the pixel 50d has a high concentra-
tion of N-type impurities, whereas an N-type solid phase
diffusion layer 84d-2 close to a back side of the N-type
solid phase diffusion layer 84d has a low concentration
of N-type impurities.

[0089] In addition to producing an effect similar to the
effect of the pixel 50a in the first embodiment, the pixel
50d in the fourth embodiment can exert a new effect of
allowing facilitation of readout of charge as a result of a
shallow potential on the back side resulting from the con-
centration gradient provided in the N-type solid phase
diffusion layer 84d.

[0090] The concentration gradient can be provided in
the N-type solid phase diffusion layer 84d as follows. For
example, when the trench of the DTI 82 is formed, etching
damage is caused to the side wall of the trench, and thus
a variation in solid phase diffusion doping level depend-
ing on the amount of the damage can be used to provide
the concentration gradient.

[0091] Note that, instead of the N-type solid phase dif-
fusion layer 84d being provided with the concentration
gradient, the P-type solid phase diffusion layer 83d close
to the front side may have a reduced concentration of P-
type impurities, whereas the P-type solid phase diffusion
layer 83d close to the back side may have an increased
concentration of P-type impurities. Even in this case, an
effect similar to the effect of providing the concentration
gradient in the N-type solid phase diffusion layer 84d can
be produced.

[0092] Additionally, both the N-type solid phase diffu-
sion layer 84d and the P-type solid phase diffusion layer
83d may be provided with the respective concentration
gradients.

<Fifth Embodiment>

[0093] FIG. 10 is a vertical cross-sectional view of a
pixel 50e in a fifth embodiment to which the present tech-
nology is applied.

[0094] The pixel 50e in the fifth embodiment differs
from the pixel 50a in the first embodiment in that a side
wall film 85e that is formed on an inner wall of DTI 82e
and that includes SiO2 is thicker than the side wall film
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85 in the pixel 50e in the first embodiment, but the pixel
50e in the fifth embodiment is otherwise similar to the
pixel 50a in the first embodiment.

[0095] SiO2 has a lower refractive index than Si, and
thus incident light entering the Si substrate 70 is reflected
in accordance with the Snell’s law, reducing transmit-
tance of light to the adjacent pixels 50. However, a re-
duced thickness of the side wall film 85 may prevent the
Snell’s law from being completely established, leading
to an increased amount of transmitted light.

[0096] Theincreased filmthickness of the side wall film
85e formed in the pixel 50e in the fifth embodiment en-
ables a reduction in deviation from the Snell’s law, allow-
ing for an increase in reflection of incident light at the side
wall film 85e to reduce transmission of the light to the
adjacent pixel 50e. Accordingly, in addition to producing
an effect similar to the effect of the pixel 50a in the first
embodiment, the pixel 50e in the fifth embodiment can
exert an effect of allowing inhibition of color mixing into
the adjacent pixels 50e caused by oblique incident light.

<Sixth Embodiment>

[0097] FIG. 11 is a vertical cross-sectional view of a
pixel 50fin a sixth embodiment to which the present tech-
nology is applied.

[0098] The pixel 50f in the sixth embodiment differs
from the pixel 50a in the first embodiment in that a region
111 between the PD 71 and the back side Si interface
75 is doped with P-type impurities to provide a concen-
tration gradient such that the concentration of the P-type
impurities in the Si substrate 70 is higher on the front side
than on the back side, but the pixel 50f in the sixth em-
bodiment is otherwise similar to the pixel 50a in the first
embodiment.

[0099] Referring back to FIG. 3, the pixel 50a of the
first embodiment has no concentration gradient in the Si
substrate 70 and includes the P-type region 72 between
the Si substrate 70 and the back side Si interface 75. In
the pixel 50f in the sixth embodiment, the Si substrate 70
is provided with a concentration gradient. The concen-
tration gradient is such that the concentration of the P-
type impurities is higher on the back side (P-type region
111 side) than on the front side.

[0100] In addition to producing an effect similar to the
effect of the pixel 50a in the first embodiment, the pixel
50fin the sixth embodiment having the concentration gra-
dient as described above can exert a further effect of
allowing charge to be read out more easily as compared
to the pixel 50a in the first embodiment.

<Seventh Embodiment>

[0101] FIG. 12 is a vertical cross-sectional view of a
pixel 50g in a seventh embodiment to which the present
technology is applied.

[0102] The pixel 50g in the seventh embodiment differs
from the pixel 50a in the first embodiment in that the Si
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substrate 70 is thicker in the pixel 50g than in the pixel
50a and that the increased thickness of the Si substrate
70 increases the depths of the DTI 82 and the like formed
in the pixel 50g.

[0103] An Si substrate 70g formed in the pixel 50g in
the seventh embodiment has an increased thickness.
The increased thickness of the Si substrate 70g increas-
es the area (volume) of a PD 71g and the depth of DTI
82g. Additionally, formation of the DTl 82g with the in-
creased depth leads to formation of a P-type solid phase
diffusion layer 83g and an N-type solid phase diffusion
layer 849 both having an increased depth (increased ar-
ea).

[0104] The increased areas of the P-type solid phase
diffusion layer 83g and the N-type solid phase diffusion
layer 849 increase the area of the PN junction region
including the P-type solid phase diffusion layer 83g and
the N-type solid phase diffusionlayer 84g. Consequently,
in addition to producing an effect similar to the effect of
the pixel 50a in the first embodiment, the pixel 50g in the
seventh embodiment can further increase the amount of
saturated charge Qs compared to the pixel 50a in the
first embodiment.

<Eighth Embodiment>

[0105] FIG. 13 is a vertical cross-sectional view of a
pixel 50h in an eighth embodiment to which the present
technology is applied.

[0106] In the pixel 50h in the eighth embodiment, as in
the pixel 50g in the seventh embodiment depicted in FIG.
12, the Si substrate 70g has an extended length in the
depth direction.

[0107] Furthermore, in a pixel 50r, a P-type region
121-1, an N-type region 122, and a P-type region 121-2
are formed on the back side of the PD 71 by ion injection.
A PN junction portion defined by the P-type region 121-1,
the N-type region 122, and the P-type region 122-2 is
subjected to an intense electric field and can thus hold
charge.

[0108] Consequently,in addition to producing an effect
similar to the effect of the pixel 50g in the seventh em-
bodiment, the pixel 50h in the eighth embodiment can
further increase the amount of saturated charge Qs.

<Ninth Embodiment>

[0109] FIG. 14 is a vertical cross-sectional view of a
pixel 50i in a ninth embodiment to which the present tech-
nology is applied.

[0110] The pixel 50i in the ninth embodiment differs
from the pixel 50a in the first embodiment in that a MOS
capacitor 131 and a pixel transistor (not depicted) are
formed on the front side of the Si substrate 70, but the
pixel 50i in the ninth embodiment is otherwise similar to
the pixel 50a in the first embodiment.

[0111] Normally,evenwith anincreased amountofsat-
urated charge Qs of the PD 71, the amplitude limit of
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vertical signal lines VSL (vertical signal lines 47 depicted
in FIG. 2) limits output unless conversion efficiency is
reduced, leading to difficulty in making the most of the
increased amount of saturated charge Qs.

[0112] Reducing the conversion efficiency of the PD
71 requires addition of a capacity to the FD 91 (FIG. 4).
Thus, the pixel 50i in the ninth embodiment is configured
such that the MOS capacitor 131 is added as a capacity
to be added to the FD 91 (not depicted in FIG. 11) .
[0113] The pixel 50i in the ninth embodiment can be
configured not only to produce an effect similar to the
effect of the pixel 50a in the first embodiment but also to
enable a reduction in the conversion efficiency of the PD
71 by addition of the MOS capacitor 131 to the FD 91,
allowing the increased amount of saturated charge Qs
to be made the most of.

<10th Embodiment>

[0114] FIG. 15 is a vertical cross-sectional view of a
pixel 50j in a 10th embodiment to which the present tech-
nology is applied.

[0115] The pixel 50j in the 10th embodiment differs
from the pixel 50a in the first embodiment in that two
contacts 152 are formed on a well contact portion 151
formed in the active region 77 and that the contacts 152
are connected to a Cu interconnect 153, but the pixel 50j
in the 10th embodiment is otherwise similar to the pixel
50a in the first embodiment.

[0116] As described above, a configuration including
the well contact portion 151 can be provided. Note that
FIG. 15 depicts an example in which two contacts 152
are formed but two or more contacts 152 may be formed
on the well contact portion 151.

[0117] In addition to producing an effect similar to the
effect of the pixel 50a in the first embodiment, the pixel
50j in the 10th embodiment can improve major defect
yield.

<11th Embodiment>

[0118] FIG. 16 illustrates a vertical cross-sectional
view and a plan view of a pixel 50k in an 11th embodiment
to which the present technology is applied.

[0119] The pixel 50k in the 11th embodiment differs
from the pixel 50a in the firstembodimentin that a vertical
transistor trench 81k is formed in the center of the pixel
50k to form a transfer transistor (gate) 80k, but the pixel
50k in the 11th embodiment is otherwise similar to the
pixel 50a in the first embodiment.

[0120] The pixel 50k depicted in FIG. 16 is formed such
that the transfer transistor (gate) 80k is located at an
equal distance from each outer circumference of the PD
71. Accordingly, in addition to producing an effect similar
to the effect of the pixel 50a in the first embodiment, the
pixel 50k in the 11th embodiment includes the transfer
transistor (gate) present at the equal distance from each
outer circumference of the PD 71, allowing transfer of
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charge to be improved.
<12th Embodiment>

[0121] FIG. 17 illustrates a vertical cross-sectional
view and a plan view of a pixel 50m in a 12th embodiment
to which the present technology is applied.

[0122] The pixel 50m in the 12th embodiment differs
from the pixel 50ain the firstembodimentin that a transfer
transistor 80m includes two vertical transistor trenches
81-1 and 81-2, but the pixel 50m in the 12th embodiment
is otherwise similar to the pixel 50a in the first embodi-
ment.

[0123] The pixel 50a in the first embodiment (FIG. 3)
is configured such that the transfer transistor 80 includes
the single vertical transistor trench 81, whereas, in the
pixel 50m in the 12th embodiment, the transfer transistor
80m includes two vertical transistor trenches 81-1 and
81-2.

[0124] The configuration with the two vertical transistor
trenches 81-1 and 81-2 as described above improves
the followability of the potential of the region sandwiched
between the two vertical transistor trenches 81-1 and
81-2 observed when the potential of the transfer transis-
tor 80k is changed. Accordingly, a modulation factor can
be increased. As a result, the charge transfer efficiency
can be improved.

[0125] Additionally, an effect similar to the effect of the
pixel 50a in the first embodiment is obtained.

[0126] Note that, although the description takes, as an
example, the transfer transistor 80k including the two ver-
tical transistor trenches 81-1 and 81-2, two or more ver-
tical transistor trenches 81 may be formed in each pixel
region.

[0127] Additionally, in the depicted example, the two
vertical transistor trenches 81-1 and 81-2 formed are the
same in size (length and thickness). However, in a case
that a plurality of vertical transistor trenches 81 are
formed, the vertical transistor trenches 81 formed may
be different from each other in size. For example, the two
vertical transistor trenches 81-1 and 81-2 may be formed
such that one of the vertical transistor trenches 81-1 and
81-2 is longer or thicker than the other.

<13th Embodiment>

[0128] FIG. 18 is a vertical cross-sectional view of a
pixel 50nin a 13th embodimentto which the presenttech-
nology is applied.

[0129] The pixel 50n in the 13th embodiment differs
from the pixel 50a in the first embodiment in the config-
uration of the light shielding films 74, but is otherwise
similar to the pixel 50a.

[0130] In the pixel 50n in the 13th embodiment, a light
shielding film 74n-1 and a light shielding film 74n-2 are
respectively formed above and below DTl 82n. In the
pixel 50a in the firstembodiment (FIG. 3), the light shield-
ing film 74 is formed on the back side of the DTI 82 (in
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the figure, the lower side) to cover the back side. How-
ever, in the pixel 50n (FIG. 18), the inside of the DTI 82n
is filled with the same metal material (for example, tung-
sten) as that of the light shielding film 74, and the front
side of the Si substrate 70 (in the figure, the upper side)
is also covered with the metal material.

[0131] In other words, the pixel 50n is configured such
that each entire pixel region except for the back side (ex-
cept for the light incidence surface) is enclosed by the
metal material. However, in a case where the pixel 50n
is configured such that the entire pixel 50n except for the
back side is enclosed by the metal material, an opening
portion is formed as appropriate at a required position,
for example, the portion of the light shielding film 74n-2
at which the transfer transistor 80n is located is opened
and a terminal for connection to the outside is formed in
the opening.

[0132] Note that a metal material other than tungsten
(W) may be used for the light shielding films 74 and the
like.

[0133] The pixel 50n in the 13th embodiment can pre-
vent incident light from leaking to the adjacent pixel 50n,
thus allowing color mixing to be inhibited.

[0134] Additionally, the pixel 50n can be configured
such thatlight having reached the front side without being
photoelectrically converted after being incident from the
back side is reflected by the metal material (light shielding
film 74n-2) and enters the PD 71 again. Accordingly, in
addition to producing an effect similar to the effect of the
pixel 50a in the first embodiment, the pixel 50n in the
13th embodiment can improve the sensitivity of the PD
71.

<14th Embodiment>

[0135] FIG. 19 is a vertical cross-sectional view of a
pixel 50p in a 14th embodiment to which the present tech-
nology is applied.

[0136] The pixel 50p in the 14th embodiment differs
from the pixel 50a in the first embodiment in the shapes
of a P-type solid phase diffusion layer 83p and a side
wall film 85p formed on the back side, but is otherwise
similar to the pixel 50a in the first embodiment.

[0137] The P-type solid phase diffusion layer 83p on
the back side of the pixel 50p is shaped to project toward
an area below the N-type solid phase diffusion layer 84p.
The pixel 50p includes the P-type solid phase diffusion
layer 83p formed at an end of a P-type region 72p and
shaped to project into the P-type region 72p. Additionally,
the side wall film 85p formed in the P-type solid phase
diffusion layer 83p is also shaped to project toward the
P-type region 72p. Furthermore, afiller 86p formed in the
side wall film 85p is shaped to project toward the P-type
region 72p.

[0138] Such a shape provides a configuration in which
the N-type solid phase diffusion layer 84p is more reliably
prevented from contacting the back side Si interface 75
of the Si substrate 70. This allows pinning of charge to
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be prevented from being weakened, enabling prevention
of flow of charge into the PD 71 which would otherwise
degrade the Dark property.

[0139] When the N-type solid phase diffusion layer 84p
is formed, the depth or the concentration of the N-type
solid phase diffusion layer 84p may vary. For example,
a variation may occur such that the N-type solid phase
diffusion layer 84 formed in an A pixel 50 is deeper than
the N-type solid phase diffusion layer 84 formed in a B
pixel 50. In this case, the deeper N-type solid phase dif-
fusion layer 84 may extend through the P-type region 72
or penetrate the P-type region 72 to reach the back side
Si interface 75 of the Si substrate 70.

[0140] Additionally, a variation may occur such that the
N-type impurities in the N-type solid phase diffusion layer
84 formed in the A pixel 50 have higher concentration
than the N-type impurities in the N-type solid phase dif-
fusion layer 84 formed in the B pixel 50. In this case, the
N-type solid phase diffusion layer 84 with higher concen-
tration may extend through the P-type region 72 or pen-
etrate the P-type region 72 to reach the back side Si
interface 75 of the Si substrate 70.

[0141] In the pixel 50p, on the back side Si interface
75 side of the N-type solid phase diffusion layer 84p, not
only the P-type region 72, but also the P-type solid phase
diffusion layer 83p is shaped to project to the area below
the N-type solid phase diffusion layer 84p. Thus, given
that the depth or concentration of the N-type solid phase
diffusion layer 84 varies as described above, the variation
can be absorbed, and the P-type solid phase diffusion
layer 83p can reliably prevent the N-type solid phase dif-
fusion layer 84p from contacting the back side Siinterface
75 of the Si substrate 70.

[0142] The pixel 50p in the 14th embodiment can pro-
duce an effect similar to the effect of the pixel 50a in the
first embodiment.

<Shape of Intense Electric Field Region>

[0143] The pixel 50 in the first to 14th embodiments is
formed to be enclosed by the DTI 82 in plan view, for
example, as depicted in FIG. 20. On the side wall of the
DTI 82, a PN junction region including the P-type solid
phase diffusion layer 83 and the N-type solid phase dif-
fusion layer 84 is formed to provide an intense electric
field region. Note that the above description and the de-
scription below include a configuration in which a deple-
tion layer region is present between the P-type solid
phase diffusion layer 83 and the N-type solid phase dif-
fusion layer 84, as well as a configuration in which the
PN junction region includes only the P-type solid phase
diffusion layer 83 and the N-type solid phase diffusion
layer 84.

[0144] As depicted in FIG. 20, the PD 71 is enclosed
by the N-type solid phase diffusion layer 84. The N-type
solid phase diffusion layer 84 is enclosed by the P-type
solid phase diffusion layer 83. Further, the P-type solid
phase diffusion layer 83 is enclosed by the DTI 82.
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[0145] As described above, the P-type solid phase dif-
fusion layer 83 and the N-type solid phase diffusion layer
84 form the PN junction region, leading to formation of
an intense electric field region around the PD 71. This
enables an increase in the amount of saturated charge.
Description will be given below of the shape, in plan view,
of a PN junction region further increasing the amount of
saturated charge Qs compared to the linearly shaped PN
junction region, as depicted in FIG. 20.

[0146] The shape of the intense electric field region
will be described below as 15th to 19th embodiments,
and any of the 15th to 19th embodiments can be com-
bined with any of the first to 14th embodiments described
above.

[0147] Additionally, the above description and the de-
scription below take, as an example, the PN junction re-
gion including the P-type solid phase diffusion layer 83
and the N-type solid phase diffusion layer 84 arranged
in this order from the DTI 82 side toward the PD 71 side.
However, depending on the configuration of the PD 71,
the PN junction region may include the N-type solid phase
diffusion layer 84 and the P-type solid phase diffusion
layer 83 arranged in this order from the DT1 82 side toward
the PD 71 side. The present technology is applicable in
a case where the PN junction region provided in the side
wall of the DTI 82 includes a firstimpurity region including
first impurities and a second impurity region including
second impurities and the first impurities are N-type im-
purities, whereas the second impurities are P-type impu-
rities, or the firstimpurities are P-type impurities, whereas
the second impurities are N-type impurities.

[0148] Additionally, the P type and the N type de-
scribed above and below represent functioning as the P
type or the N type with respect to a predetermined ma-
terial. The description here takes, as an example, the
pixels using the Si substrate 70, and thus the description
below takes, as an example, a configuration in which
impurities functioning as the P type with respect to Si
(silicon) are treated as P-type impurities and impurities
functioning as the N type with respect to Si (silicon) are
treated as N-type impurities.

<15th Embodiment>

[0149] FIG. 21 is a horizontal cross-sectional view
(plan view) of a pixel 50q in a 15th embodiment to which
the present technology is applied.

[0150] The pixel 50qinthe 15th embodimentis shaped
such that an intense electric field region enclosing a PD
71q includes recesses and protrusions. Referring to the
pixel 50q depicted in FIG. 21, when focus is placed on a
PD 71g-1 included in the pixel 50q, DTI 82q correspond-
ing to sides enclosing the PD 71qg-1 is shaped with pro-
truding portions (recessed portions).

[0151] The description will be continued in conjunction
with the protruding portions. However, whether the por-
tion protrudes or is recessed with respect to a side used
as a reference depends on which of the sides is used as
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the reference. Here, the description will be continued by
defining a portion of the DTI 82q that has a linear shape
and that is continuously formed (in FIG. 20, a portion
described as DTI 82), as a reference, and describing the
portions protruding with respect to the DTl 82q defined
as the reference, as the protruding portions.

[0152] According to the shape of the DTI 82q, the P-
type solid phase diffusion layer 83q is shaped to include
protruding portions. Further, according to the shape of
the P-type solid phase diffusion layer 83q, the N-type
solid phase diffusion layer 84q is also shaped to include
protruding portions (the protruding portions of the P-type
solid phase diffusion layer 83q correspond to recessed
portions of the N-type solid phase diffusion layer 84q).
[0153] The P-type solid phase diffusion layer 83q is
provided with the protruding portions, enabling an in-
crease in the area where the P-type solid phase diffusion
layer 839 contacts the N-type solid phase diffusion layer
84q. This enlarges the PN junction region including the
P-type solid phase diffusion layer 83q and the N-type
solid phase diffusion layer 84q, enlarging the intense
electric field region. The enlarged intense electric field
region increases the amount of charge that can be held
in the intense electric field region, enabling an increase
in the amount of saturated charge.

[0154] Inthe pixel 50q depicted in FIG. 21, forexample,
a DTI 82g-1 side that is included in four sides enclosing
the PD 71g-1 and that is formed to the left of the PD 71q-
1 is provided with three protruding portions. The number
of the protruding portions is illustrative, and it is sufficient
to form one or more protruding portions. Additionally, in-
stead of the rectangle, another shape may be used. The
other shape may be a triangle described below as a 16th
embodiment.

[0155] Additionally, the pixel 50q depicted in FIG. 21
is an example in which each of the four sides enclosing
the PD 71g-1 is provided with three protruding portions.
However, at least one of the four sides can be provided
with protruding portions. For example, as in the pixel 50q
depicted in FIG. 22, one of the four sides enclosing the
PD 71q can be provided with protruding portions.
[0156] In the pixel 50q depictedin FIG. 22, when focus
is placed on the PD 71g-1 included in the pixel 50q, pro-
truding portions are formed on left DTI 82g-1, and no
protruding portions are formed on right DTI 82g-2, upper
DTI82g-11, and lower DTI 82g-12. As described above,
a configuration in which protruding portions are formed
on one of the four sides enclosing the PD 71q to form an
intense electric field region larger than the other intense
electric field regions can be provided.

[0157] Additionally, although not depicted, a configu-
ration in which protruding portions are provided on two
or three of the four sides may be provided.

[0158] Provision of the protruding portions allows the
intense electric field region to be enlarged. However, the
light receiving area of the PD 71g may be reduced. The
size of the protruding portion can be set in association
with the size of the PD 71q. Additionally, the size of the
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protruding portion can be adjusted by setting sides pro-
vided with the protruding portions (how many of the one
to four sides are provided with the protruding portions)
as described above. In addition, the size of the intense
electric field region can also be adjusted by adjusting the
size of the protruding portion itself.

[0159] With reference to FIG. 23, the size of the pro-
truding portion will be described. With reference to FIG.
23, the description takes, as an example, one side en-
closing the PD 71. In FIG. 23, A illustrates one side in a
configuration in which the protruding portions depicted
in FIG. 20 are not formed. In FIG. 23, B illustrates one
side in a configuration in which the protruding portions
depicted in FIG. 21 or FIG. 22 are formed. Note that the
description with respectto FIG. 23 does not take the thick-
ness of the layer into account.

[0160] Referring to A of FIG. 23, in a case where no
protruding portions are formed, DT1 82 is shaped linearly,
and the P-type solid phase diffusion layer 83 is formed
along the DTI 82. Thus, the P-type solid phase diffusion
layer 83 is also shaped linearly. The P-type solid phase
diffusion layer 83 has a length L1. The length L1 corre-
sponds to a distance between an upper side and a lower
side of the DTI 82 formed around the PD 71.

[0161] With reference to B of FIG. 23, the description
takes, as an example, a configuration in which protruding
portions are formed. With reference to B of FIG. 23, the
description takes, as an example, a configuration in
which one protruding portion is formed on one side. Re-
ferring to B of FIG. 23, the DTI 82q is shaped to include
one protruding portion on a straight line, and the P-type
solid phase diffusion layer 83q is formed along the DTI
82q. Thus, the P-type solid phase diffusion layer 83q is
also shaped to include a combination of a straight line
and one protruding portion.

[0162] A portion of the P-type solid phase diffusion lay-
er 83q corresponding to the height of the protruding por-
tion has a length denoted by L2. The length L2 corre-
sponds to a length from a linearly shaped portion of the
P-type solid phase diffusion layer 83q to a tip part of the
protruding portion. The P-type solid phase diffusion layer
83q with the protruding portion has a length (L1 + 2 X
L2) as depicted in B of FIG. 23.

[0163] In acase where a structure in which the P-type
solid phase diffusion layer 83 is provided with no protrud-
ing portion is compared with a structure in which the P-
type solid phase diffusion layer 83 is provided with one
protruding portion, provision of one protruding portion in-
creases the length of the P-type solid phase diffusion
layer 83 by (2 X L2). The length of the P-type solid phase
diffusion layer 83 is equal to the length of a portion of the
P-type solid phase diffusion layer 83 contacting the N-
type solid phase diffusion layer 84q (not depicted in B of
FIG. 23). Accordingly, provision of one protruding portion
increases, by (2 X L2), the portion of the P-type solid
phase diffusion layer 83 contacting the N-type solid
phase diffusion layer 84, increasing the PN junction area
to allow the intense electric field region to be enlarged.
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[0164] Provision of a plurality of protruding portions al-
lows enlargement of the junction region between the P-
type solid phase diffusion layer 83 and the N-type solid
phase diffusion layer 84, enabling the intense electric
field region to be enlarged.

[0165] The length L2 of the protruding portion can be
set to, for example, 10 nm or more, though the length L2
may vary depending on the size of the pixel 50q. Addi-
tionally, in a case where the length L1 of the P-type solid
phase diffusion layer 83 with no protruding portion formed
is 1, the length L3 of the P-type solid phase diffusion layer
83 with a protruding portion formed is set to a predeter-
mined value or larger, for example, 1.3 times or more.
The length L3 can be adjusted by the length L2 of the
one protruding portion or the number of protruding por-
tions.

[0166] When the length L3 of the P-type solid phase
diffusion layer 83q is larger than the length between two
sides parallel to each other, of the four sides enclosing
the PD 71q, for example, the upper and lower sides of
the DTI 82, as described above, the PN junction area
can be increased, allowing the intense electric field re-
gion to be enlarged. Since the P-type solid phase diffu-
sion layer 83q is formed along the DTI 82q, the length
L3 of the P-type solid phase diffusion layer 83q depends
on the length of the side wall of the DTI 82q. Thus, the
DTI 82q is formed such that the length of the side wall of
the DTI 82qis larger than the length between the parallel-
arranged portions of the DTI 82q of the DT1 82u enclosing
the PD 71q, enabling an increase in the PN junction area
to enlarge the intense electric field region.

[0167] The protruding portions thus formed on the P-
type solid phase diffusion layer 83 enable an increase in
a junction area between the P-type solid phase diffusion
layer 83 and the N-type solid phase diffusion layer 84,
thus allowing the amount of saturated charge to be in-
creased.

[0168] With reference to FIGS. 24 and 25, description
will be given of a manner of manufacturing an intense
electric field region in a case where the protruding por-
tions are formed as described above. Here, the descrip-
tion will be continued taking, as an example, a structure
in which each of the four sides enclosing the PD 71 illus-
trated in FIG. 21 includes protruding portions.

[0169] In step S51 (FIG. 24), a substrate in which the
DTI 82 is formed is prepared. In the substrate, a silicon
oxide film 200 is formed, and an insulating film (insulating
material) 201 is embedded in trenches previously
formed. As the silicon oxide film 200, for example, LP-
TEOS is deposited.

[0170] In step S52, a part of the silicon oxide film 200,
a part of the insulating film 201, a part of SiN, and a part
ofthe Si substrate 70 are dug by dry etching. In step S52,
a deep trench is formed. In a planar shape, the deep
trench is, for example, a combination of a grid shape and
protruding portions as depicted in FIG. 26, and has a
depth reaching the lower end of a region in which an N-
typeregionis to be formed by solid-phase diffusion during
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the subsequent step.

[0171] In step S53, an ALD (Atomic Layer Deposition)
method is used to deposit, on the entire surface of the
wafer, a silicon oxide film (PSG) 202 including P (phos-
phorous). The treatment in step S53 forms the PSG film
202 on a front surface of the wafer in which no deep
trench is formed, a side surface of the deep trench, and
a bottom surface of the deep trench. Here, the use of P
(phosphorous) causes the PSG film 202 to be formed as
an N-type film.

[0172] In step S54, thermal diffusion treatment is exe-
cuted. In step S54, the wafer is annealed to cause solid-
phase diffusion in a region where the PSG film 202 is in
contact with the Si substrate 70, and P (phosphorous) is
diffused from the PSG film 202 to the Si substrate 70. As
a result, as depicted in step S54 in FIG. 20, an N-type
impurity region 203 is formed. The N-type impurity region
203 is a region corresponding to an N-type solid phase
diffusion layer 84q.

[0173] In step S55, the PSG film 202 on the wafer is
removed. Removal of the PSG film 202 is performed by,
for example, wet etching using hydrofluoric acid.

[0174] In step S56, the silicon on the bottom surface
of the deep trench in the wafer is dug further deeper by
dry etching. Atthis time, grid-like train portions and trench
portions of protruding portions depicted in FIG. 26 are
both dug deeper. At this point of time, as depicted in FIG.
27, a region that corresponds to the N-type solid phase
diffusion layer 84q has been formed. The N-type solid
phase diffusion layer 84q depicted in FIG. 27 has a sub-
stantially linear shape on the PD 71 side.

[0175] In step S54, when phosphorous diffuses
through the Si substrate 70, the diffusion progresses to
the extent that the PD 71 side has a substantially linear
shape depending on the shape and number of the pro-
truding portions of the trench (DTI 82q), as illustrated in
FIG. 27. The N-type solid phase diffusion layer 84q is not
necessarily formed in the same shape as that of the
trench. The N-type solid phase diffusion layer 84q may
be shaped either as depicted in FIG. 27 or as depicted
in FIG. 21, and both shapes are within the scope of the
present technology. Either shape produces similar ef-
fects.

[0176] In step S57 (FIG. 25), the ALD (Atomic Layer
Deposition) method is used to deposit a silicon oxide film
(BSG) 205 including B (boron). The treatment in step S57
forms the BSG film 205 on a front surface of the wafer in
which no deep trench is formed, a side surface of the
deep trench, and a bottom surface of the deep trench.
Here, the use of B (boron) causes the BSG film 205 to
be formed as a P-type film.

[0177] In step S58, thermal diffusion treatment is exe-
cuted. In step S58, the wafer is annealed to cause solid-
phase diffusion in a region where the BSG film 205 is in
contact with the Si substrate 70, and B (boron) is diffused
from the BSG film 205 to the Si substrate 70. As a result,
as depicted in step S58 in FIG. 25, a P-type impurity
region 206 is formed. The P-type impurity region 206 is
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a region corresponding to a P-type solid phase diffusion
layer 83q (FIG. 21).

[0178] In step S59, the BSG film 205 is removed. Re-
moval of the BSG film 205 is performed by, for example,
wet etching using hydrofluoric acid.

[0179] In step S60, polysilicon is embedded into the
trenches as a filler 86p, and unnecessary polysilicon de-
posited on an upper surface of the wafer is removed.
Additionally, pixel transistors, interconnects, and the like
are formed. Subsequently, the Si substrate 70 is thinned
from the back side. The thinning is performed to the de-
gree that the bottom portion of the deep trench is ex-
posed.

[0180] The P-type solid phase diffusion layer 83q with
protruding portions as depicted in FIG. 21 or FIG. 22 is
thus formed, leading to formation of the pixel 50q with an
enlarged intense electric field region.

<16th Embodiment>

[0181] FIG. 28 is a plan view of a pixel 50r in a 16th
embodiment to which the present technology is applied.
[0182] The pixel 50rin the 16th embodiment is shaped
such that an intense electric field region enclosing a PD
71rincludes protrusions and recesses as is the case with
the pixel 50q in the 15th embodiment. The pixel 50r de-
picted in FIG. 28 differs from the pixel 50q depicted in
FIG. 21 in that the protruding portions of the pixel 50r are
triangular, but the pixel 50r is otherwise basically similar
to the pixel 50q. Thus, duplicate descriptions are omitted.
[0183] Forthe pixel 50rdepictedin FIG. 28, anexample
in which protruding portions are formed on two of the four
sides enclosing the PD 71 is illustrated. The pixel 50r can
be configured such that protruding portions are formed
on at least one of the four sides enclosing the PD 71 or
such that protruding portions are formed on one, two,
three, or all of the four sides.

[0184] For the pixel 50r depicted in FIG. 28, illustrated
is the example in which two triangular protruding portions
are formed on, for example, a side of DTI 82r-1 that is
included in the four sides enclosing a PD 71r-1 and that
is formed to the left of the PD 71r-1. The number of pro-
truding portions is illustrative, and it is sufficient that the
number is one or more. Additionally, the shape of the
protruding portion may be such thatthe protruding portion
is triangular or includes rounded vertexes or such that
sides constituting the triangle are curves instead of
straight lines. Alternatively, the protruding portion may
have a shape close to a semi-circle or an ellipse instead
of the triangle or may be polygonal.

[0185] In a case where triangular protruding portions
are formed, the height of the protruding portion can be
set to, for example, 10 nm or more though the height
depends on the size of the pixel 50q. Additionally, as
described with reference to FIG. 23, the length of the P-
type solid phase diffusion layer 83r provided with pro-
truding portions is set to at least a predetermined value
times, for example, at least 1.3 times, as large as the
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length of the P-type solid phase diffusion layer 83 pro-
vided with no protruding portions. The length can be ad-
justed on the basis of the height of one protruding portion
or the number of protruding portions.

[0186] Similarly to the pixel 50q in the 15th embodi-
ment, the pixel 50r in the 16th embodiment can be formed
such that the length of the P-type solid phase diffusion
layer 83q is larger than the length between two parallel-
arranged sides of the four sides enclosing the PD 71q.
This enables an increase in the PN junction area to allow
the intense electric field region to be enlarged. In other
words, when the DTI 82r is formed such that the length
of the side wall of the DTI 82r is larger than the length
between parallel-arranged portions of the DTI 82r en-
closing the PD 71r, the PN junction area can be increased
to allow the intense electric field region to be enlarged.
[0187] Description will be given of a manner of manu-
facturing an intense electric field region in a case where
the protruding portions are formed as described above.
The manner of manufacturing the pixel 50r depicted in
FIG. 28 is basically similar to the manner of manufactur-
ing the pixel 50q as depicted in FIG. 21 and to the manner
of manufacturing described with reference to FIG. 24 and
FIG. 25. Thus, description of similar portions is omitted
and differences will be described.

[0188] In a case where triangular protruding portions
are formed as is the case with the pixel 50r, the steps of
manufacturing the pixel 50r differ from the steps of man-
ufacturing the pixel 50q (FIG. 21) in that S52 (FIG. 24)
of forming a deep trench is divided into two steps.
[0189] First, in step S52-1, a part of the silicon oxide
film 200, a part of the insulating film 201, a part of SiN,
and a part of the Si substrate 70 are dug by dry etching.
Step S52 forms a deep trench. In a planar shape, the
deeptrenchis, forexample, acombination of a grid shape
and protruding portions as depicted in FIG. 29, and has
a depth reaching the lower end of a region in which an
N-type region is to be formed by solid-phase diffusion
during the subsequent step.

[0190] In step S52-2, a part of the silicon oxide film
200, a part of the insulating film 201, a part of SiN, and
apartofthe Sisubstrate 70 are further dug by wet etching.
The wet etching specifically etches such that the protrud-
ing portions are uniform in shape on a crystal face. In a
planar shape, the deep trench includes, for example, pro-
truding portions shaped like triangles as depicted in FIG.
30, and has a depth reaching the lower end of a region
in which an N-type region is to be formed by solid-phase
diffusion during the subsequent step.

[0191] The combination of dry etching and wet etching
as described above forms a desired shape, in this case,
a deep trench with triangular protruding portions. Subse-
quent steps of forming a region corresponding to an N-
type solid phase diffusion layer 84r and a region corre-
sponding to a P-type solid phase diffusion layer 83r are
executed similarly to the corresponding steps described
with reference to FIG. 24 and FIG. 25.

[0192] FIG. 31 depicts the configuration of the pixel 50r
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resulting from further digging of the silicon on the bottom
surface of the deep trench by dry etching in step S56. In
step S56, grid-like train portions and trench portions of
triangular protruding portions depicted in FIG. 30 are both
dug deeper. At this point of time, as depicted in FIG. 31,
a region corresponding to the N-type solid phase diffu-
sion layer 84r has been formed.

[0193] In step S54, when phosphorous diffuses
through the Si substrate 70, an N-type solid phase diffu-
sion layer 84r with a shape substantially similar to the
shape of the trench is formed depending on the shape
and number of the protruding portions of the trench (DTI
82r) as depicted in FIG. 31. Alternatively, as described
with reference to FIG. 27, the diffusion may progress to
the extent that the PD 71 side has a substantially linear
shape instead of the trench shape, depending on the
shape and number of the protruding portions of the
trench.

[0194] Consequently, the N-type solid phase diffusion
layer 84r is not necessarily formed in the same shape as
that of the trench. The N-type solid phase diffusion layer
84r may or may not be equal in shape to the trench, and
both shapes are within the scope of the present technol-
ogy.

[0195] The P-type solid phase diffusion layer 83r with
the triangular protruding portions as depicted in FIG. 28
is thus formed, leading to formation of the pixel 50r with
an enlarged intense electric field region.

<17th Embodiment>

[0196] FIG. 32 is a plan view of a pixel 50s in a 17th
embodiment to which the present technology is applied.
[0197] The pixel 50s in the 17th embodimentis shaped
such that an intense electric field region enclosing a PD
71rincludes recesses and protrusions as is the case with
the pixel 50q in the 15th embodiment. The pixel 50s de-
picted in FIG. 32 differs from the pixel 50q in formation
of fine recesses and protrusions.

[0198] Referringto FIG. 32, in the configuration, in plan
view, of the pixel 50s, a PD 71s is formed to be enclosed
by DTI 82s and a PN junction region including a P-type
solid phase diffusion layer 83s and an N-type solid phase
diffusion layer 84s is formed in a side wall of the DTI 82s,
as in the configuration, in plan view, of the pixel 50 de-
picted in FIG. 20.

[0199] An enlarged view of a portion including the DTI
82sis as depicted in a right diagram of FIG. 32. Referring
to the right diagram of FIG. 32, the PD 71s-1 side of the
DTI82s-1is shaped to include protrusions and recesses.
As is the case with the shape of DTI 82s-1 including pro-
trusions and recesses, a DTl 82s-1-side surface and a
PD 71s-1-side surface of a P-type solid phase diffusion
layer 83s-1 are shaped to include protrusions and re-
cesses. Further, as is the case with the shape of the P-
type solid phase diffusion layer 83s-1 including protru-
sions and recesses, a P-type solid phase diffusion layer
83s-1 side of an N-type solid phase diffusion layer 84s-
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1 is shaped to include protrusions and recesses.
[0200] The P-type solid phase diffusion layer 83s
shaped to include fine protrusions and recesses enables
an increase in junction area in which the P-type solid
phase diffusion layer 83s and the N-type solid phase dif-
fusion layer 84s are in contact with each other. This al-
lows enlargement of the intense electric field region in-
cluding the P-type solid phase diffusion layer 83s and
the N-type solid phase diffusion layer 84s, enabling an
increase in the amount of saturated charge.

[0201] Similarly to the pixel 50q in the 15th embodi-
ment, the pixel 50s in the 17th embodiment can be formed
such that the length of the P-type solid phase diffusion
layer 83s is larger than the length between the two par-
allel-arranged sides of the four sides enclosing the PD
71s, enabling an increase in PN junction area to allow
the intense electric field region to be enlarged. In other
words, the DTI 82s is formed such that the length of the
side wall of the DTI 82s is larger than the length between
the parallel-arranged portions of the DTI 82s enclosing
the PD 71s, enabling an increase in PN junction area to
allow the intense electric field region to be enlarged.
[0202] Description will be given of a manner of manu-
facturing an intense electric field region in a case where
fine recesses and protrusions are formed as described
above. The manner of manufacturing the pixel 50s de-
picted in FIG. 32 is similar, halfway through the process,
to the manner of manufacturing the pixel 50q depicted in
FIG. 21. By executing the treatment from step S51 (FIG.
24) to step S56, the manufacturing process for the pixel
50s similarly includes execution of steps from the start
to formation of a region corresponding to the N-type solid
phase diffusion layer 84s in the side wall of the deep
trench.

[0203] With reference to FIG. 33, description will be
given of processing following formation, in the side wall
of the deep trench, the region corresponding to the N-
type solid phase diffusion layer 84s.

[0204] A method in which recesses and protrusions
are formed on the front surface of polysilicon to increase
the surface area has been proposed. Resultant polysili-
con in this case may be referred to as rugged polysilicon
in light of the state of the front surface. Here, the descrip-
tion takes, as an example, a configuration in which rug-
ged polysilicon is formed to form a recess and protrusion
shape on the DTI 82s, thus also forming a protrusion and
recess shape on the P-type solid phase diffusion layer
83s and the N-type solid phase diffusion layer 84s.
[0205] Instep S101 (FIG. 33), in the Si substrate 70 in
which the region corresponding to the N-type solid phase
diffusion layer 84s is formed in the side wall of the deep
trench, a protrusion and recess shape (film of rugged
polysilicon) is formed on the side wall of the trench. The
film of rugged polysilicon is described as an RP film 301.
The RP film 301 can be formed by, for example, forming
a doped polysilicon film and an amorphous silicon film
on a silicon oxide film and applying predetermined rough-
ening treatment to the amorphous silicon film.
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[0206] Step S102 is the same as step S57 (FIG. 25),
and the ALD method is used to deposit a silicon oxide
film (BSG) 205 including B (boron). The treatment in step
S102 forms the BSG film 205 on the front surface of the
wafer in which no deep trench is formed, on the RP film
301 corresponding to the side surface of the deep trench,
and on the bottom surface of the deep trench. In this
regard, the use of B (boron) leads to formation of the
BSG film 205 as a P-type film.

[0207] Step S103 is the same as step S58 and step
S59 (FIG. 25), and thermal diffusion treatment is first ex-
ecuted. The wafer is annealed to cause solid phase dif-
fusion in the region where the BSG film 205 and the Si
substrate 70 are in contact, and B (boron) diffuses from
the BSG film 205 to the Si substrate 70. As a result, as
depictedin step S103in FIG. 33, a P-type impurity region
206 is formed. The P-type impurity region 206 is a region
corresponding to the P-type solid phase diffusion layer
83s (FIG. 32).

[0208] In the solid phase diffusion of boron, the RP film
301 acts as a diffusion inhibition layer, and thus the boron
diffusing through the side wall on the trench side is non-
uniform. The non-uniform diffusion of boron leads to for-
mation of recesses and protrusions in the P-type impurity
region 206 as depicted in step S103 in FIG. 33. The P-
type impurity region 206 is shaped to include recesses
and protrusions, and thus a portion in contact with the N-
type impurity region 203 previously formed is shaped to
include recesses and protrusions. This enables, com-
pared to uniform diffusion of boron, an increase in junc-
tion area in which the P-type solid phase diffusion layer
83s and the N-type solid phase diffusion layer 84s are in
contact.

[0209] After the thermal treatment, the BSG film 205
is removed. The removal of the BSG film 205 can be
performed by, for example, wet etching using hydrofluoric
acid.

[0210] Step S104 is the same as step S60 (FIG. 25),
and polysilicon is embedded in the trench as the filler
86p. Unnecessary polysilicon deposited on the upper
surface of the wafer is removed. Additionally, pixel tran-
sistors, interconnects, and the like are formed. Subse-
quently, the Sisubstrate 70 is thinned from the back side.
The thinning is performed to the extent that the bottom
portion of the deep trench is exposed.

[0211] The P-type solid phase diffusion layer 83s in-
cluding fine recesses and protrusions as depicted in FIG.
32 is thus formed, leading to formation of the pixel 50s
with an enlarged intense electric field region.

<18th Embodiment>

[0212] FIG. 34 is a plan view of a pixel 50t in an 18th
embodiment to which the present technology is applied.
[0213] In the pixel 50t in the 18th embodiment, for an
enlarged intense electric field region, an intense electric
field enlarged region is formed in a part of the PD 71.
The intense electric field enlarged region is a PN junction
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region formed to enlarge the intense electric field region.
FIG. 34 illustrates an example in which a rectangular in-
tense electricfield region is formed in each of four corners
of a region of a PD 71t-1 and in which a cross-shaped
intense electric field region is formed in the middle of a
region of a PD 71t-2.

[0214] The rectangular intense electric field region
formed in each of the four corners of the region of the
PD 71t-1 includes DTI 82t-21 formed in a central portion
and a P-type solid phase diffusion layer 83t-21 formed
around the DTI 82t-21. Further, an N-type solid phase
diffusion layer 84t-21 is formed around the P-type solid
phase diffusion layer 83t-21. Such a configuration is the
same as the configuration of the intense electric field re-
gion formed in the DTI 82t enclosing the PD 71t.

[0215] A part of the N-type solid phase diffusion layer
841t-21is shared with an N-type solid phase diffusion layer
841t-1 formed in the side wall of the DT182t-1. Additionally,
a part of the N-type solid phase diffusion layer 84t-21 is
shared with an N-type solid phase diffusion layer 84t-11
formed in a side wall of DTI 82t-11.

[0216] The cross-shaped intense electric field region
formed in the region of the PD 71t-2 is provided with
cross-shaped DTI 82t-22 around which a P-type solid
phase diffusion layer 83t-22 is formed. Further, an N-type
solid phase diffusion layer 84t-22 is formed around the
P-type solid phase diffusion layer 83t-22. Such a config-
uration is the same as the configuration of the intense
electric field region formed in the DTI 82t enclosing the
PD 71t.

[0217] A part of the N-type solid phase diffusion layer
841-22, in other words, the N-type solid phase diffusion
layer 84t-22 corresponding to tip portions of the cross, is
shared with each of an N-type solid phase diffusion layer
841t-3 formed in a side wall of DTI 82t-2, an N-type solid
phase diffusion layer 84t-4 formed in a side wall of the
DTI 82t-3, an N-type solid phase diffusion layer 84t-11
formed in a side wall of the DTI 82t-11, and an N-type
solid phase diffusion layer 84t-12 formed in a side wall
of DTI 82t-12.

[0218] The example depicted in FIG. 34 illustrates the
rectangular intense electric field region and the cross-
shaped intense electric field region. However, other
shapes may be used. Additionally, in the illustrated ex-
ample, the rectangular intense electric field region and
the cross-shaped intense electric field region are formed
within one pixel 50t. The intense electric field regions
formed within the pixel 50t need not have different shapes
and may all be rectangular or cross-shaped.

[0219] Additionally, FIG. 34 depicts a case in which the
rectangular intense electric field region is formed in the
four corners of the PD 71t-1. However, instead of the four
intense electric field regions, one, two, or three intense
electric field regions may be formed in any of the four
corners of the PD 71.

[0220] Further, FIG. 34 depicts a case in which the
cross-shaped intense electric field region is formed in the
PD 71t-2. However, the cross-shaped intense electric
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field region need not be cross-shaped, and an intense
electric field region shaped like a part of a cross, for ex-
ample, an L-shaped intense electric field region or an
intense electric field region including only a vertical bar
(or a horizontal bar), may be formed.

[0221] Additionally, this example may be combined
with the pixels 50q to 50s in the 15th to 17th embodiments
such that recesses and protrusions are formed in the
intense electric field region formed on the side wall of the
DTI 82t enclosing the PD 71t.

[0222] By thus forming an intense electric field region
including the P-type solid phase diffusion layer 83t and
the N-type solid phase diffusion layer 84tin a region other
than the DTI 82tenclosing the PD 71t, the intense electric
field region provided in one pixel 50t can be enlarged,
enabling an increase in the amount of saturated charge.
[0223] Similarly to the pixel 50q in the 15th embodi-
ment, the pixel 50t in the 18th embodiment can be formed
such that the length of the P-type solid phase diffusion
layer 83t is larger than the length between the two par-
allel-arranged sides of the four sides enclosing the PD
71t, enabling an increase in the PN junction area to allow
the intense electric field region to be enlarged.

[0224] In the pixel 50t in the 18th embodiment, the
length of the P-type solid phase diffusion layer 83t in-
cludes the length of the P-type solid phase diffusion layer
83tincludedintherectangularintense electric field region
formed in each of the four corners of the PD 71t and the
length of the P-type solid phase diffusion layer 83t includ-
ed in the cross-shaped intense electric field region
formed in the PD 71t, as well as the length of the side
wall of the DTI 82t. Thus, the pixel 50t can be formed
such that the length of the P-type solid phase diffusion
layer 83t is larger than the length between two parallel-
arranged sides of the four sides enclosing the PD 71t,
as described above.

[0225] Thus, in otherwords, the DTI82t can be formed
such that the length of the side wall of the DTI 82t is larger
than parallel-arranged portions of the DTI 82t enclosing
the PD 71t, enabling an increase in the PN junction area
to allow the intense electric field region to be enlarged.

[0226] Description will be given of a manner of manu-
facturing the pixel 50t including an intense electric field
region formed in the region of the PD 71t as described
above. The manner of manufacturing the pixel 50t de-
picted in FIG. 34 can be achieved by steps similar to the
steps for the pixel 50q depicted in FIG. 21 and described
with reference to FIG. 25, and description of the manner
is omitted. However, the DTI 82t formed in step S52 (FIG.
24) has a different shape, and thus this will be described
below.

[0227] In step S52, a part of the silicon oxide film 200,
a part of the insulating film 201, a part of SiN, and a part
of the Si substrate 70 are dug by dry etching to form a
deep trench. The shape of the deep trench is such that,
in planar shape, the deep trench is provided with, for
example, grid-like DTI 82t, DTI 82t-21 corresponding to
portions in which a rectangular intense electric field re-
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gion is formed, and DTI 82t-22 corresponding to portions
in which a cross-shaped intense electric field region that
are depicted in FIG. 35 is formed. The trench formed has
a depth reaching the lower end of a region in which an
N-type region is to be formed by solid-phase diffusion
during the subsequent step.

[0228] As described above, a deep trench is formed in
a desired shape in a portion in which an intense electric
field region is formed by dry etching. The subsequent
steps of forming a region corresponding to the N-type
solid phase diffusion layer 84r and a region correspond-
ing to the P-type solid phase diffusion layer 83r are ex-
ecuted as described with reference to FIG. 24 and FIG.
25,

[0229] By thus forming an intense electric field region
including the rectangular or cross-shaped intense elec-
tric field regions as depicted in FIG. 34, a pixel 50t with
an enlarged intense electric field region is formed.

<19th Embodiment>

[0230] FIG. 36 is a plan view of a pixel 50u in a 19th
embodiment to which the present technology is applied.
[0231] The pixel 50u in the 19th embodiment is formed
such that DTI 82u enclosing a PD 71u is partly discon-
tinued. Referring to FIG. 36, DTI 82u-11 formed in the
lateral direction (transverse direction) of the figure is part-
ly discontinued. Other DTI 82u, forexample, DTI 82u-12,
is continuously formed.

[0232] An enlarged view of a portion including the DTI
82u-11 is as depicted in a right diagram of FIG. 36. Re-
ferring to the right diagram of FIG. 36, the DTI 82u-11 is
formed to include discontinued portions. The discontin-
ued portion is formed between the DTl 82u-11 and DTI
82u-2 included in DTI 82u enclosing the PD 71u-1. In
other words, in the example depicted in FIG. 36, the dis-
continued portion of the DTI 82u is provided at the upper
right of the PD 71-1.

[0233] The discontinued portion of the DTI 82-11 is
covered with a P-type solid phase diffusion layer 83u.
[0234] The P-type solid phase diffusion layer 83u-10
formed above the DTI 82u-11 in the figure and the P-type
solid phase diffusion layer 83u-11 formed below the DTI
82-11 in the figure are formed to contact each other in
the discontinued portion of the DTI 82u-11. Thus, as de-
picted in FIG. 36, the DTl 82u-11 is formed such that the
discontinued portion of the DTI 82u-11 is covered with
the P-type solid phase diffusion layer 83u.

[0235] With reference to a portion of the P-type solid
phase diffusion layer 83u-10 formed above the DTI 82u-
11 in the figure, the P-type solid phase diffusion layer
83u-10is shaped like a circular arc (like a curved surface)
in the discontinued portion of the DTI 82u-11. Addition-
ally, with reference to a portion of the P-type solid phase
diffusion layer 83u-10 formed below the DTI 82u-11 in
the figure, the P-type solid phase diffusion layer 83u-11
is shaped like a circular arc (like a curved surface) in the
discontinued portion of the DTI 82u-11.
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[0236] The curved surface shape of the P-type solid
phase diffusion layer 83u enlarges the portion (junction
surface) in which the P-type solid phase diffusion layer
83u contacts an N-type solid phase diffusion layer 84u,
thus enabling the intense electric field region to be en-
larged to increase the amount of saturated charge.
[0237] In the example illustrated in FIG. 32, for exam-
ple, when focus is placed on the PD 71u-1, the discon-
tinued portion of the DTI 82u is formed at one position at
the upper right of the PD 71u-1. The positions and
number of discontinued portions are not limited to the
positions and number depicted in FIG. 32.

[0238] Forexample,thediscontinued portion ofthe DTI
82u may be formed at each of four corners with respect
to the PD 71u. Additionally, for example, the discontinued
portion of the DT 82u may be formed at the center of a
side. In addition, for example, the discontinued portion
of the DTI 82u may be formed at a plurality of positions
on one side. FIG. 37 illustrates an example of a plurality
of discontinued portions formed on one side.

[0239] FIG. 37 is a plan view depicting another config-
uration of the pixel 50u in the 19th embodiment to which
the present technology is applied. In the pixel 50u de-
picted in FIG. 37, a plurality of discontinued portions are
formed on one side of the DTI 82u.

[0240] An enlarged view of a portion including the DTI
82u-2 is as depicted in a right diagram of FIG. 37. Refer-
ring to the right diagram of FIG. 37, the DTI 82u-2 is
formed discontinuously to include discontinued portions.
The DTI 82u-2 includes a plurality of portions of the DTI
82u-2, and each portion of the DTI 82u-2 is enclosed by
the P-type solid phase diffusion layer 83u. The P-type
solid phase diffusion layer 83u-2 formed to the left of the
DTI 82u-2 in the figure and the P-type solid phase diffu-
sion layer 83u-11 formed below the DTI 82u-2 in the fig-
ure are formed to contact each other in the discontinued
portion of the DTI 82-11.

[0241] Thus, as depicted in FIG. 37, the DTI 82-2 is
formed such that discontinued portions of the DTI 82-2
are covered with the P-type solid phase diffusion layer
83u and is shaped such that individual portions of the
DTI 82u-2 are enclosed by the P-type solid phase diffu-
sion layer 83u.

[0242] By thus forming the P-type solid phase diffusion
layer 83u enclosing the individual portions of the DTI 82u,
the portion (junction surface) in which the P-type solid
phase diffusion layer 83u contacts the N-type solid phase
diffusion layer 84u is enlarged, thus enabling the intense
electricfield region to be enlarged to increase the amount
of saturated charge.

[0243] Inthe leftdiagram of FIG. 37, the individual por-
tions of the DTI 82u are depicted as rectangles, and in a
right diagram of FIG. 37, the individual portions of the
DTI 82u are depicted as ellipses. The individual portions
of the DTI 82u may have a rectangular or elliptic shape
or any other shape. By forming the individual portions of
the DTI 82u shaped to include curves as in ellipses, the
portion (junction surface) of contact with the N-type solid
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phase diffusion layer 84u can be enlarged.

[0244] This configuration can be combined with the pix-
els 50q to 50t in the 15th to 18th embodiments described
above such that recesses and protrusions are formed in
the intense electric field region formed in the side wall of
the DTI 82u enclosing the PD 71t, or an intense electric
field region can be formed in the region of the PD 71u.
[0245] Similarly to the pixel 50q in the 15th embodi-
ment, the pixel 50u in the 19th embodiment can be
formed such that the length of the P-type solid phase
diffusion layer 83s is larger than the length between the
two parallel-arranged sides of the four sides enclosing
the PD 71s, enabling an increase in the PN junction area
to allow the intense electric field region to be enlarged.
[0246] Description will be given of a manner of manu-
facturing an intense electric field region in a case where
the DTl 82u is formed discontinuously as described
above. The manner of manufacturing the pixel 50t de-
picted in FIG. 36 or FIG. 37 can be achieved by steps
similar to the steps that involve the pixel 50q depicted in
FIG. 21 and that have been described with reference to
FIG. 24 and FIG. 25, and description of the manner is
omitted here. However, the trench formed in step S52
(FIG. 24) has a different shape, and thus this will be de-
scribed below.

[0247] In step S52, a part of the silicon oxide film 200,
a part of the insulating film 201, a part of SiN, and a part
of the Si substrate 70 are dug by dry etching to form a
deep trench. The shape of the deep trench is such that,
in planar shape, for example, in a case where the dis-
continuous DTI 82u depicted in FIG. 37 is formed, DTI
82u that is shaped like a grid but is discontinuous as
depicted in FIG. 38 is formed. The trench formed has a
depth reaching the lower end of a region in which an N-
type regionis to be formed by solid-phase diffusion during
the subsequent step.

[0248] As described above, a deep trench is formed in
a desired shape in a portion in which an intense electric
field region is formed by dry etching. In the subsequent
steps S53 and S54 (FIG. 24), a region corresponding to
the N-type solid phase diffusion layer 84u is formed. In
these steps, the N-type solid phase diffusion layer 84u
is formed such that portions of the N-type solid phase
diffusion layer 84u are joined at discontinued portions of
the DTI 82u.

[0249] Additionally, in steps S57 and S58 (FIG. 25), a
region corresponding to the P-type solid phase diffusion
layer 83uisformed. Inthese steps, the P-type solid phase
diffusion layer 83u is formed such that portions of the P-
type solid phase diffusion layer 83u are joined at the dis-
continued portions of the DTI 82u.

[0250] As described above, the pixel 50t as depicted
in FIG. 36 or FIG. 37 in which the DTI 82u includes dis-
continued portions that enlarge the intense electric field
region is formed.

[0251] According to the 15th to 19th embodiments, the
PN junction area of the solid phase diffusion layers can
be increased, enabling an increase in the amount of sat-
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urated charge.
<20th Embodiment>

[0252] FIG. 39 is a plan view of a pixel 50v in a 20th
embodiment to which the present technology is applied.
[0253] The pixel 50v in the 20th embodimentis shaped
such that an intense electric field region enclosing a PD
71v includes recesses and protrusions. Such a configu-
ration is the same as the configuration of the pixel 50q
in the 15th embodiment depicted in FIG. 21 except that
the protruding portions are radially formed.

[0254] In the pixel 50v depicted in FIG. 39, when focus
is placed on a PD 71v-1 included in the pixel 50v, DTI
82v enclosing the PD 71v-1 is shaped such that sides of
the DTI 82v include protruding portions. When a linearly
continuously formed portion of the DTI 82v is used as a
reference and portions protruding with respect to the DTI
82v, used as the reference, are designated as protruding
portions, the protruding portions are radially formed.
[0255] In the example illustrated in FIG. 39, the (gate
of) transfer transistor 80 is formed approximately at the
center of the pixel 50v. In a case where the transfer tran-
sistor 80 is thus formed at the central portion, the tips of
the protruding portions face the transfer transistor 80, as
described above.

[0256] In conformance with the shape of the DTI 82v
including such protruding portions, a P-type solid phase
diffusion layer 83v is also shaped to include protruding
portions. Further, in conformance with the shape of the
P-type solid phase diffusion layer 83v, an N-type solid
phase diffusion layer 84v is also shaped to include pro-
truding portions.

[0257] The P-type solid phase diffusion layer 83v pro-
vided with the protruding portions enables an increase
in the area in which the P-type solid phase diffusion layer
83v contacts the N-type solid phase diffusion layer 84v.
This enlarges the PN junction region including the P-type
solid phase diffusion layer 83v and the N-type solid phase
diffusion layer 84v, thus enlarging the intense electric
field region. The enlarged intense electric field region in-
creases the amount of charge that can be held in the
intense electric field region, enabling an increase in the
amount of saturated charge.

[0258] Here, with reference to FIG. 40, description will
be given of an effect of radially forming the protruding
portions, in other words, forming the protruding portions
such that the tips of the protruding portions face the trans-
fer transistor 80.

[0259] For comparison, A of FIG. 40 illustrates a part
of the PD 71q depicted in FIG. 21.In FIG. 40, B is a partly
enlarged view of the PD 71v depicted in FIG. 39. Refer-
ring to A of FIG. 40, in a case where the protruding por-
tions are formed perpendicularly to the linearly continu-
ously formed DTI 82q, electrons stored in the corner por-
tions of the PD 71q reach the transfer transistor 80 while
avoiding the protruding portions, and are then read out.
When the protruding portions are enlarged (elongated),
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the electrons stored in the corner portions do not reach
the transfer transistor 80 unless the electrons make a
detour. The enlarged protruding portions hinder the elec-
trons stored in the corner portions of the PD 71q from
being read out.

[0260] Referring to B of FIG. 40, also in a case where
the protruding portions are formed obliquely with respect
to the linearly continuously formed DTI 82v and directed
toward the transfer transistor 80, electrons stored in the
corner portions ofthe PD 71vreach the transfer transistor
80 while avoiding the protruding portions, and are then
read out, as is the case with PD 71q depicted in A of FIG.
40. However, in the PD 71v, each of the obliquely formed
protruding portions enlarges a portion of the corner of
the PD 71v that is open toward the transfer transistor 80,
allowing formation of a path through which the electrons
flow smoothly.

[0261] Thus, in the case of the PD 71v, the electrons
stored in the corner portions of the PD 71v migrate
smoothly to the transfer transistor 80 and can thus be
prevented from having difficulty being read out. Addition-
ally, although not depicted in the figures, a path toward
the transfer transistor 80v is also formed in portions other
than the corner portions of the PD 71v, providing a struc-
ture in which the electrons are easily read out.

[0262] By thus forming the protruding portions such
that the tips of the protruding portions face the (gate of)
transfer transistor 80, the reading efficiency of the trans-
fer transistor 80 can be improved. Thus, depending on
the position where the gate of the transfer transistor 80
is formed, for example, a configuration as depicted in
FIG. 41 can be used.

[0263] In a PD 71v’ depicted in FIG. 41 (the PD 71V’
is described with a dash for distinction from the PD 71v
depicted in FIG. 39), a gate of a transfer transistor 80v’
is formed near one of four corners of the PD 71v’. Even
in a case where the transfer transistor 80v’ is formed at
such a position, the protruding portions are formed to
face the transfer transistor 80v'.

[0264] In the example illustrated in FIG. 41, the PD
71v’ is formed such that a protruding portion is formed
on each of two sides opposite to a corner in which the
transfer transistor 80v’ is formed and such that the tip of
the protruding portion faces the transfer transistor 80v'.
[0265] The 20th embodiment can be combined with
any of the first to 19th embodiments described above.

<21st Embodiment>

[0266] FIG. 42 and FIG. 43 are diagrams depicting a
configuration example of a pixel 50w in a 21st embodi-
ment to which the present technology is applied.

[0267] As isthe case with the pixel 50q (FIG. 21)in the
15th embodiment described above, in the pixel 50w in
the embodiment in FIG. 21, a PD 71w is shaped such
that an intense electric field region enclosing the PD 71w
includes protruding portions. In this regard, as depicted
in FIG. 42, the description takes, as an example, a con-
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figuration in which a protruding portion is provided at one
position on each of four sides enclosing the PD 71w and
a configuration in which protruding portions are formed
perpendicularly.

[0268] A configuration of the PD 71w depicted in FIG.
42 isthe same as the configuration of the PD 71q depicted
in FIG. 21 except that one protruding portion is formed
on one side. FIG. 43 depicts a cross-sectional view of
the PD 71w depicted in FIG. 42 taken along segment A-
A

[0269] A protruding portion is formed in the portion of
segment A-A’. Here, DTI 82w’, a P-type solid phase dif-
fusion layer 83w’, and an N-type solid phase diffusion
layer 84w’ constituting the protruding portion are de-
scribed with dashes for distinction from DTI 82w, a P-
type solid phase diffusion layer 83w, and an N-type solid
phase diffusion layer 84w constituting the remaining part.
[0270] Referring to FIG. 43, penetrating DTl 82 is
formed on both sides of the PD 71w. In contrast, in the
protruding portion, non-penetrating DTI 82w’ is formed
instead of the penetrating DTl 82w. In other words, the
DTI 82w’ formed in the protruding portion is formed with
a PD 71w constituting portion remaining on an on-chip
lens 76w side.

[0271] Now, FIG. 20 and FIG. 21 are referred to again.
FIG. 20 is a plan view of the PD 71 in a case where no
protruding portions are formed, and FIG. 21 is a plan view
of the PD 71q in a case where protruding portions are
formed. As described with reference to FIG. 21, provision
of protruding portions allows the intense electric field re-
gion to be enlarged. However, the light receiving area of
the PD 71g may be reduced.

[0272] A comparison between the region of the PD 71
depictedin FIG. 20 and the region of the PD 71q depicted
in FIG. 21 indicates that the region of the PD 71 depicted
in FIG. 20 is larger than the region of the PD 71q depicted
in FIG. 21 due to the lack of protruding portions.

[0273] FIG. 20 corresponds to, for example, a plan
view taken along the portion of segment B-B’ in FIG. 43,
and FIG. 21 corresponds to, for example, a plan view
taken along the portion of segment A-A’ in FIG. 43. Thus,
even in a case where protruding portions are formed, the
region of the PD 71w is enlarged on a light incident sur-
face side as depicted in FIG. 20, thus allowing sensitivity
to be prevented from being degraded by the formation
of the protruding portions. On the other hand, in a region
distant from the light incident surface side, the protruding
portions formed as depicted in FIG. 21 enlarge the PN
junction region, allowing the intense electric field region
to be enlarged.

[0274] Thus, the amount of saturated charge can be
increased without degradation of sensitivity.

[0275] The 21st embodiment can be combined with
the 50q in the 15th embodiment (FIG. 21), the 50r in the
sixteenth embodiment (FIG. 28), the 50t in the 18th em-
bodiment, and the 50v in the 20th embodiment (FIG. 39).
Specifically, when the configuration includes protruding
portions, the protruding portions can be formed in a non-
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penetrating manner.

[0276] In a case where the portions corresponding to
the protruding portions are formed in a non-penetrating
manner and the portions other than the protruding por-
tions are formed in a penetrating manner as described
above, penetrating portions and non-penetrating por-
tions can be formed by making the width of the DTI 82
different during manufacture. FIG. 43 is referred to again.
The width of the DTI 82w’ in the protruding portions is
assumed to be a width L1, and the width of the DTI 82w
corresponding to the portions other than the protruding
portions is assumed to be a width L2. The width L1 is
assumed to be smaller than the width L2.

[0277] Inacase where the width is thus made different,
then in the step of forming a trench, a loading effect
makes narrower portions of the trench shallower, while
making wider portions of the trench deeper. In this case,
the portions of the trench having the width L1 are shal-
lower, whereas the portions of the trench having the width
L2 are deeper.

[0278] The manner of manufacturing an intense elec-
tric field region including protruding portions has been
described, for example, with reference to FIGS. 24 to 27,
and in step S52, the silicon substrate is dug by dry etch-
ing. As the dry etching, for example, RIE (Reactive lon
Etching) can be used. When the trench is formed by the
dry etching, the loading effect makes the narrower por-
tions of the trench shallower than the wider portions of
the trench.

[0279] The depth of the DTI 82w’ in the protruding por-
tion can be set to a desired value by adjusting the width
L1. Thus, even in a case where the portions correspond-
ing to the protruding portions are formed in a non-pene-
trating manner and the portions other than the protruding
portions are formed in a penetrating manner, the DTI 82
with the different widths can be formed without addition
of a process.

[0280] The first to 21st embodiments can be applied
to animaging apparatus 1 described below. The imaging
apparatus 1 will be described below.

[Functional Configuration of Imaging Apparatus 1]

[0281] FIG.44isablock diagram depicting anexample
of a functional configuration of an imaging apparatus (im-
aging apparatus 1) according to an embodiment of the
present disclosure.

[0282] The imaging apparatus 1 in FIG. 44 includes,
for example, an input section 510A, a row driving section
520, a timing control section 530, a pixel array section
540, a column signal processing section 550, an image
signal processing section 560, and an output section
510B.

[0283] The pixel array section 540 includes pixels 541
repeatedly arranged in an array. More specifically, pixel
sharing units 539 each including a plurality of pixels are
used as a repeating unit and are repeatedly arranged in
an array including a row direction and a column direction.
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Note that, in the present specification, for convenience
of description, the row direction may be referred to as an
H direction and the column direction, which is orthogonal
to the row direction, may be referred to as a V direction.
In the example in FIG. 44, one pixel sharing unit 539
includes four pixels (pixels 541A, 541B, 541C, and
541D). Each of the pixels 541A, 541B, 541C, and 541D
includes a photodiode PD (depicted in FIG. 49 and the
like described below). The pixel sharing unit 539 is a unit
sharing one pixel circuit (a pixel circuit 210 in FIG. 46
described below). In other words, the pixel sharing unit
539 includes one pixel circuit (pixel circuit 210 described
below) for every four pixels (pixels 541A, 541B, 541C,
and 541D). By operating the pixel circuit on a time-shar-
ing basis, pixel signals are sequentially read out from the
pixels 541A, 541B, 541C, and 541D. The pixels 541A,
541B, 541C, and 541D are arranged, for example, in 2
rows X 2 columns. The pixel array section 540 is provided
with a plurality of row driving signal lines 542 and a plu-
rality of vertical signal lines (column readout lines) 543,
along with the pixels 541A, 541B, 541C, and 541D. The
row driving signal lines 542 drive the pixels 541 included
in each of the plurality of pixel sharing units 539 arranged
in juxtaposition in the row direction in the pixel array sec-
tion 540. The pixels arranged in juxtaposition in the row
direction in the pixel sharing unit 539 are driven. As de-
scribed below in detail with reference to FIG. 4, the pixel
sharing unit 539 is provided with a plurality of transistors.
To drive each of the plurality of transistors, a plurality of
the row driving signal lines 542 are connected to one
pixel sharing unit 539. The pixel sharing unit 539 is con-
nected to each of the vertical signal lines (columnreadout
lines) 543. Pixel signals are read out, via the vertical sig-
nal line (column readout line) 543, from the pixels 541A,
541B, 541C, and 541D included in the pixel sharing unit
539.

[0284] The row driving section 520 includes a row ad-
dress control section for deciding the position of the row
for pixel driving, in other words, a row decoder section,
and a row driving circuit section generating signals for
driving the pixels 541A, 541B, 541C, and 541D.

[0285] The column signal processing section 550 in-
cludes, forexample, a load circuit section that is connect-
ed to the vertical signal lines 543 and that constitutes a
source-follower circuit along with the pixels 541A, 541B,
541C, and 541D (pixel sharing unit 539). The column
signal processing section 550 may include an amplifying
circuit section amplifying a signal read out from the pixel
sharing unit 539 via the vertical signal lines 543. The
column signal processing section 550 may include a
noise processing section. The noise processing section,
for example, removes the noise level of the system from
a signal read out from the pixel sharing unit 539 as a
result of photoelectric conversion.

[0286] The column signal processing section 550 in-
cludes, for example, an analog digital converter (ADC).
The analog digital converter converts, into a digital signal,
the signal read out from the pixel sharing unit 539 or an
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analog signal subjected to the above-described noise
processing. The ADC includes, for example, a compara-
tor section and a counter section. The comparator section
compares the analog signal to be converted with a ref-
erence signal to be compared with the analog signal. The
counter section is adapted to measure the time until a
comparison result from the comparator section is invert-
ed. The column signal processing section 550 may in-
clude a horizontal scanning circuit section performing
control for scanning the readout row.

[0287] The timing control section 530 feeds signals for
controlling timings to the row driving section 520 and the
column signal processing section 550 on the basis of a
reference clock signal and a timing control signal input
to the apparatus.

[0288] The image signal processing section 560 is a
circuit executing various types of signal processing on
data obtained as a result of photoelectric conversion, in
other words, data obtained as a result of an imaging op-
eration in the imaging apparatus 1. The image signal
processing section 560 includes, for example, an image
signal processing circuit section and a data holding sec-
tion. The image signal processing section 560 may in-
clude a processor section.

[0289] An example of signal processing executed in
the image signal processing section 560 is tone curve
correction processing in which imaging data resulting
from AD conversion is provided with many gray levels in
a case where the imaging data is obtained by imaging a
dark subject and in which imaging data resulting from AD
conversion is provided with fewer gray levels in a case
where the imaging data is obtained by imaging a bright
subject. Inthis case, to determine what kind of tone curve
is used as a basis for correcting the gray level of the
imaging data, characteristic data regarding tone curves
is desirably stored in the data holding section of theimage
signal processing section 560 in advance.

[0290] The input section 510A is used, for example, to
input the reference clock signal, timing control signal,
characteristic data, and the like from the outside of the
apparatus to the imaging apparatus 1. The timing control
signalincludes, for example, a vertical synchronizing sig-
nal, a horizontal synchronizing signal, and the like. The
characteristicdata is, forexample, storedin the data hold-
ing section of the image signal processing section 560.
The input section 510A includes, for example, an input
terminal 511, an input circuit section 512, an input am-
plitude change section 513, an input data conversion cir-
cuit section 514, and a power supply section (not depict-
ed).

[0291] The input terminal 511 is an external terminal
through which data is input. The input circuit section 512
is used to load, into the imaging apparatus 1, a signal
input to the input terminal 511. The input amplitude
change section 513 changes the amplitude of the signal
loaded by the input circuit section 512 to an amplitude
easily used inside the imaging apparatus 1. The input
data conversion circuit section 514 changes arrange-
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ment of the data sequence of input data. The input data
conversion circuit section 514 includes, for example, a
serial parallel conversion circuit. The serial parallel con-
version circuit converts, into a parallel signal, a serial
signal received as input data. Note that the input ampli-
tude change section 513 and the input data conversion
circuit section 514 may be omitted from the input section
510A. On the basis of a power supply provided from the
outside to the imaging apparatus 1, the power supply
section provides power supplies set to various voltages
required inside the imaging apparatus 1.

[0292] When the imaging apparatus 1 is connected to
an external memory device, the input section 510A may
be provided with a memory interface circuitreceiving data
from an external memory device. The external memory
device is, for example, a flash memory, an SRAM, a
DRAM, or the like.

[0293] The output section 510B outputs image data to
the outside of the apparatus. The image data is, for ex-
ample, image data obtained by imaging by the imaging
apparatus 1, image data subjected to signal processing
by the image signal processing section 560, and the like.
The output section 510B includes, for example, an output
data conversion circuit section 515, an output amplitude
change section 516, an output circuit section 517, and
an output terminal 518.

[0294] The output data conversion circuit section 515
includes, for example, a parallel serial conversion circuit
and converts, into a serial signal, a parallel signal used
inside the imaging apparatus 1. The output amplitude
change section 516 changes the amplitude of the signal
used inside the imaging apparatus 1. The signal with the
changed amplitude is easily used by an external device
connected to the outside of the imaging apparatus 1. The
output circuit section 517 is a circuit outputting data from
the inside to the outside of the imaging apparatus 1, and
drives external wiring of the imaging apparatus 1 con-
nected to the output terminal 518. Through the output
terminal 518, the imaging apparatus 1 outputs data to
the outside of the apparatus. The output data conversion
circuit section 515 and the output amplitude change sec-
tion 516 may be omitted from the output section 510B.
[0295] When the imaging apparatus 1 is connected to
the external memory device, the output section 510B may
be provided with a memory interface circuit outputting
data to the external memory device. The external mem-
ory device is, for example, a flash memory, an SRAM, a
DRAM, or the like.

[General Configuration of Imaging Apparatus 1]

[0296] FIG. 45 and FIG. 46 illustrate an example of a
general configuration of the imaging apparatus 1. The
imaging apparatus 1 includes three substrates (first sub-
strate 100, second substrate 260, and third substrate
300). FIG. 45 schematically illustrates a planar configu-
ration of each of the first substrate 100, the second sub-
strate 260, and the third substrate 300. FIG. 46 schemat-
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ically illustrates a cross-sectional configuration of the first
substrate 100, the second substrate 200, and the third
substrate 300 laminated together. FIG. 46 corresponds
to a cross-sectional configuration along line 1lI-11I’ depict-
ed in FIG. 45. The imaging apparatus 1 is an imaging
apparatus with a three-dimensional structure including
three substrates (first substrate 100, second substrate
260, and third substrate 300) laminated together. The
first substrate 100 includes a semiconductor layer 100S
and an interconnect layer 100T. The second substrate
260 includes a semiconductor layer 260S and an inter-
connect layer 260T. The third substrate 300 includes a
semiconductor layer 300S and an interconnect layer
300T. In this regard, a combination of the interconnects
and a surrounding interlayer insulating film included in
each of the first substrate 100, the second substrate 260,
and the third substrate 300 is hereinafter referred to as
an interconnect layer (100T, 260T, 300T) provided in
each of the substrates (first substrate 100, second sub-
strate 260, and third substrate 300), for the sake of con-
venience. The first substrate 100, the second substrate
260, and the third substrate 300 are laminated together
in this order, and include the semiconductor layer 100S,
the interconnect layer 100T, the semiconductor layer
2608, the interconnect layer 260T, the interconnect layer
300T, and the semiconductor layer 300S arranged in this
order along a lamination direction. Specific configura-
tions of the first substrate 100, the second substrate 260,
and the third substrate 300 will be described below. An
arrow depicted in FIG. 46 indicates anincidence direction
in which light L enters the imaging apparatus 1. In the
present specification, for convenience of description, the
light incidence side in the imaging apparatus 1 may be
referred to as "down," "lower side," or "downward," and
the side opposite to the light incidence side may be re-
ferredtoas"up," "upperside," or "upward" in the following
cross-sectional views. Additionally, in the present spec-
ification, for convenience of description, with respect to
each of the substrates including the semiconductor layer
and the interconnect layer, the side of the interconnect
layer may be referred to as a front surface, whereas the
side of the semiconductor layer may be referred to as a
back surface. Note that the descriptions herein are not
limited to the above-described designations. The imag-
ing apparatus 1 is, for example, a back-illuminated im-
aging apparatus in which light is incident on the imaging
apparatus from the back side of the first substrate 100
including photodiodes.

[0297] Both the pixel array section 540 and the pixel
sharing unit 539 included in the pixel array section 540
are configured using both the first substrate 100 and the
second substrate 260. The first substrate 100 is provided
with the plurality of pixels 541A, 541B, 541C, and 541D
included in the pixel sharing unit 539. Each of the pixels
541 includes a photodiode (photodiode PD described be-
low) and a transfer transistor (transfer transistor TR de-
scribed below). The second substrate 260 is provided
with a pixel circuit (pixel circuit 210 described below) in-
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cludedin the pixel sharing unit 539. The pixel circuitreads
out a pixel signal transferred from the photodiode of each
ofthe pixels 541A, 541B, 541C, and 541D via the transfer
transistor or resets the photodiode. The second substrate
260 includes, in addition to such a pixel circuit, a plurality
of row driving signal lines 542 extending in the row direc-
tion and a plurality of vertical signal lines 543 extending
in the column direction. The second substrate 260 further
includes a power supply line 544 extending in the row
direction. The third substrate 300 includes, for example,
the input section 510A, the row driving section 520, the
timing control section 530, the column signal processing
section 550, the image signal processing section 560,
and the output section 510B. The row driving section 520
is, forexample, provided in a region where the row driving
section 520 partly overlaps the pixel array section 540 in
the lamination direction of the first substrate 100, the sec-
ond substrate 260, and the third substrate 300 (herein-
after simply referred to as the lamination direction). More
specifically, the row driving section 520 is provided in a
region where the row driving section 520 overlaps the
vicinity of an H direction end of the pixel array section
540 in the lamination direction (FIG. 45). The column
signal processing section 550 is, for example, provided
in a region where the column signal processing section
550 partly overlaps the pixel array section 540 in the lam-
ination direction. More specifically, the column signal
processing section 550 is provided in a region where the
column signal processing section 550 overlaps the vicin-
ity of a V direction end of the pixel array section 540 in
the lamination direction (FIG. 45). Although not depicted,
the input section 510A and the output section 510B may
be disposed in a portion other than the third substrate
300 or, for example, in the second substrate 260. Alter-
natively, the input section 510A and the output section
510B may be provided on the back (light incidence) side
of the first substrate 100. Note that the pixel circuit pro-
vided in the second substrate 260 has different designa-
tions and may be referred to as a pixel transistor circuit,
a pixel transistor group, a pixel transistor, a pixel readout
circuit, or a readout circuit. The designation pixel circuit
is used herein.

[0298] The first substrate 100 and the second sub-
strate 260 are electrically connected, for example, by
through electrodes (through electrodes 120E and 121E
in FIG. 49 described below). The second substrate 260
and the third substrate 300 are electrically connected,
for example, via contact portions 261, 262, 305, and 302.
The contact portions 261 and 262 are provided in the
second substrate 260, and the contact portions 305 and
302 are provided in the third substrate 300. The contact
portions 261 of the second substrate 260 are in contact
with the contact portions 305 of the third substrate 300,
and the contact portions 262 of the second substrate 260
are in contact with the contact portions 302 of the third
substrate 300. The second substrate 260 includes a con-
tact region 261R in which the plurality of contact portions
261 are provided and a contact region 262R in which the
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plurality of contact portions 262 are provided. The third
substrate 300 includes a contact region 305R in which
the plurality of contact portions 305 are provided and a
contact region 302R in which the plurality of contact por-
tions 302 are provided. The contact regions 261R and
305R are provided between the pixel array section 540
and the row driving section 520 in the lamination direction
(FIG. 46). In other words, the contact regions 261R and
305R are provided, for example, in a region where the
row driving section 520 (third substrate 300) overlaps the
pixel array section 540 (second substrate 260) in the lam-
ination direction or in the vicinity of the region. The contact
regions 261R and 305R are disposed, for example, at an
H direction end of such region as described above (FIG.
45). On the third substrate 300, for example, the contact
region 305R is provided at a position where the contact
region 305R overlaps a part of the row driving section
520, specifically, an H direction end of the row driving
section 520 (FIG. 45 and FIG. 46). The contact portions
261 and 305 are intended, for example, to connect the
row driving section 520 provided in the third substrate
300 to the row driving line 542 provided in the second
substrate 260. The contact portions 261 and 305 may,
for example, connect the input section 510A provided in
the third substrate 300 to the power supply line 544 and
a reference potential line (reference potential line VSS
described below). The contact regions 262R and 302R
are provided between the pixel array section 540 and the
column signal processing section 550 in the lamination
direction (FIG. 46). In other words, the contact regions
262R and 302R are provided, for example, in a region
where the column signal processing section 550 (third
substrate 300) overlaps the pixel array section 540 (sec-
ond substrate 260) in the lamination direction or in the
vicinity of the region. The contact regions 262R and 302R
are disposed, for example, at a V direction end of such
region as described above (FIG. 45). On the third sub-
strate 300, for example, the contact region 305R is pro-
vided at a position where the contact region 305R over-
laps a part of the column signal processing section 550,
specifically, a V direction end of the column signal
processing section 550 (FIG. 45 and FIG. 46). The con-
tact portions 262 and 302 are, for example, intended to
connect, to the column signal processing section 550 pro-
vided in the third substrate 300, a pixel signal (corre-
sponding to the amount of charge resulting from photo-
electric conversion by the photodiode) output from each
of the plurality of pixel sharing units 539 included in the
pixel array section 540. The pixel signal is transmitted
from the second substrate 260 to the third substrate 300.
[0299] FIG. 46 is an example of a cross-sectional view
of the imaging apparatus 1 as described above. The first
substrate 100, the second substrate 260, and the third
substrate 300 are electrically connected via the intercon-
nect layers 100T, 260T, and 300T. For example, the im-
aging apparatus 1 includes an electric connection portion
electrically connecting the second substrate 260 and the
third substrate 300. Specifically, the contact portions 261,
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262, 305, and 302 are formed using electrodes including
a conductive material. The conductive material includes,
for example, a metal material such as copper (Cu), alu-
minum (Al), or gold (Au). The contact regions 261R,
262R, 305R, and 302R, for example, directly join inter-
connects formed as electrodes, to electrically connect
the second substrate and the third substrate, enabling
input and/or output of signals between the second sub-
strate 260 and the third substrate 300.

[0300] The electric connection portion electrically con-
necting the second substrate 260 and the third substrate
300 can be provided at a desired position. For example,
the electric connection portion may be provided in a re-
gion in which the electric connection portion overlaps the
pixel array section 540 in the lamination direction and
which has been described as the contact region 261R,
262R, 305R, or 302R with reference to FIG. 46. Addition-
ally, the electric connection portion may be provided in
a region where the electric connection portion does not
overlap the pixel array section 540 in the lamination di-
rection. Specifically, the electric connection portion may
be provided in a region overlapping, in the lamination
direction, a peripheral portion disposed outside the pixel
array section 540.

[0301] The first substrate 100 and the second sub-
strate 260 are provided with, for example, connection
hole portions H1 and H2. The connection hole portions
H1 and H2 penetrate the first substrate 100 and the sec-
ond substrate 260 (FIG. 46). The connection hole por-
tions H1 and H2 are provided outside the pixel array sec-
tion 540 (or outside a portion overlapping the pixel array
section 540) (FIG. 45). For example, the connection hole
portion H1 is disposed outside the pixel array section 540
in the H direction, and the connection hole portion H2 is
disposed outside the pixel array section 540 in the V di-
rection. For example, the connection hole portion H1
reaches the input section 510A provided in the third sub-
strate 300, and the connection hole portion H2 reaches
the output section 510B provided in the third substrate
300. The connection hole portions H1 and H2 may be
cavities or may at least partially include a conductive ma-
terial. For example, in a certain configuration, a bonding
wire is connected to an electrode formed as the input
section 510A and/or the output section 510B. Alterna-
tively, in a certain configuration, an electrode formed as
the input section 510A and/or the output section 510B is
connected to the conductive material provided in the con-
nection hole portion H1 or H2. The conductive material
provided in the connection hole portion H1 or H2 may be
embedded in a part or all of the connection hole portion
H1 or H2 or formed in the side wall of the connection hole
portion H1 or H2.

[0302] Note that, in the structure in FIG. 46, the third
substrate 300 is provided with the input section 510A and
the output section 510B but the present disclosure is not
limited to this structure. For example, a signal from the
third substrate 300 is transmitted to the second substrate
260 via the interconnect layers 260T and 300T to allow
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the input section 510A and/or the output section 510B to
be provided in the second substrate 260. Similarly, a sig-
nal from the second substrate 260 is transmitted to the
first substrate 1000 via the interconnect layers 100T and
260T to allow the input section 510A and/or the output
section 510B to be provided in the first substrate 100.
[0303] FIG. 4 is an equivalent circuit diagram illustrat-
ing an example of a configuration of the pixel sharing unit
539. The pixel sharing unit 539 includes a plurality of
pixels 541 (in FIG. 4, representing four pixels 541 includ-
ing the pixels 541A, 541B, 541C, and 541D), one pixel
circuit 210 connected to the plurality of pixels 541, and
a vertical signal line 5433 connected to the pixel circuit
210. The pixel circuit 210 includes, for example, four tran-
sistors, specifically, an amplifying transistor AMP, a se-
lect transistor SEL, a reset transistor RST, and an FD
conversion gain switching transistor FD. As described
above, the pixel sharing unit 539 is adapted to operate
one pixel circuit 210 on a time sharing basis to cause
pixel signals from the respective four pixels 541 (pixels
541A, 541B, 541C, and 541D) included in the pixel shar-
ing unit 539 to be sequentially output to the vertical signal
lines 543. The following aspect is represented as "the
plurality of pixels 541 share the one pixel circuit 210":
one pixel circuit 210 is connected to the plurality of pixels
541, and pixel signals are output by the one pixel circuit
210 from the plurality of pixels 541 on a time sharing
basis.

[0304] The pixels541A,541B,541C,and541Dinclude
common components. For distinction of the components
of the pixels 541A, 541B, 541C, and 541D, reference
signs for the components of the pixel 541A include iden-
tification number 1 as a trailing digit, reference signs for
the components of the pixel 541B include identification
number 2 as a trailing digit, reference signs for the com-
ponents of the pixel 541C include identification number
3 as a trailing digit, and reference signs for the compo-
nents of the pixel 541D include identification number 4
as a trailing digit. In a case where the components of the
pixels 541A, 541B, 541C, and 541D need not be distin-
guished from one another, the trailing identification num-
bers of the reference signs for the components of the
pixels 541A, 541B, 541C, and 541D are omitted.
[0305] Each of the pixels 541A,541B, 541C, and 541D
includes, for example, the photodiode PD, the transfer
transistor TR electrically connected to the photodiode
PD, and floating diffusion FD electrically connected to
the transfer transistor TR. The photodiode PD (PD1,
PD2, PD3, and PD4) includes a cathode electrically con-
nected to a source of the transfer transistor TR and an
anode electrically connected to the reference potential
line (for example, ground). The photodiode PD photoe-
lectrically converts incident light to generate charge cor-
responding to the amount of light received. The transfer
transistor TR (transfer transistors TR1, TR2, TR3, and
TR4) is, for example, an n-type CMOS (Complementary
Metal Oxide Semiconductor) transistor. The transfer
transistor TR includes a drain electrically connected to
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the floating diffusion FD and a gate electrically connected
to a driving signal line. The driving signal line is a part of
the plurality of row driving signal lines 542 (see FIG. 44)
connected to one pixel sharing unit 539. The transfer
transistor TR transfers, to the floating diffusion FD,
charge generated by the photodiode PD. The floating
diffusion FD (floating diffusion FD1, FD2, FD3, and FD4)
is an n-type diffusion layer region formed in a p-type sem-
iconductor layer. The floating diffusion FD is charge hold-
ing means for temporarily holding charge transferred
from the photodiode PD and charge-voltage conversion
means for generating a voltage corresponding to the
amount of charge.

[0306] Four pieces of the floating diffusion FD included
in one pixel sharing unit 539 (pieces of floating diffusion
FD1, FD2, FD3, and FD4) are electrically connected to-
gether and to a gate of the amplifying transistor AMP and
a source of the FD conversion gain switching transistor
FDG. The FD conversion gain switching transistor FDG
includes a drain connected to a source of the reset tran-
sistor RST and a gate connected to a driving signal line.
The driving signal line is a part of the plurality of row
driving signal lines 542 connected to one pixel sharing
unit 539. The reset transistor RST includes a drain con-
nected to a power supply line VDD and a gate connected
to a driving signal line. The driving signal line is a part of
the plurality of row driving signal lines 542 connected to
one pixel sharing unit539. The amplifying transistor AMP
includes a gate connected to the floating diffusion FD, a
drain connected to the power supply line VDD, and a
source connected to a drain of the select transistor SEL.
The select transistor SEL includes a source connected
to the vertical signal lines 543 and a gate connected to
a driving signal line. The driving signal line is a part of
the plurality of row driving signal lines 542 connected to
one pixel sharing unit 539.

[0307] Turningon the transfertransistor TR causes the
transfer transistor TR to transfer charge in the photodiode
PD to the floating diffusion FD. The gate of the transfer
transistor TR (transfer gate TG) includes, for example,
what is generally called a vertical electrode and extends
from the front surface of the semiconductor layer (sem-
iconductor layer 100S in FIG. 49 described below) to a
depth reaching the PD as depicted in FIG. 49 described
below. The reset transistor RST resets the potential of
the floating diffusion FD to a predetermined potential.
Setting the reset transistor RST to an on state resets the
potential of the floating diffusion FD to the potential of
the power supply line VDD. The select transistor SEL
controls an output timing for a pixel signal from the pixel
circuit 210. The amplifying transistor AMP generates, as
a pixel signal, a signal with a voltage corresponding to
the level of charge held in the floating diffusion FD. The
amplifying transistor AMP is connected to the vertical sig-
nal lines 543 via the select transistor SEL. In the column
signal processing section 550, the amplifying transistor
AMP constitutes a source follower along with the load
circuit section (see FIG. 44) connected to the vertical
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signal lines 543. Setting the select transistor SEL to the
on state causes the amplifying transistor AMP to output
the voltage of the floating diffusion FD to the column sig-
nal processing section 550 via the vertical signal lines
543. The reset transistor RST, the amplifying transistor
AMP, and the select transistor SEL are, for example, N-
type CMOS transistors.

[0308] The FD conversion gain switching transistor
FDG is used to change the gain of charge-voltage con-
version by the floating diffusion FD. Normally, the pixel
signal is small during imaging in a dark place. On the
basis of Q = CV, a large capacitance (FD capacitance
C) of the floating diffusion FD during charge-voltage con-
version leads to a small V resulting from conversion into
a voltage performed by the amplifying transistor AMP.
On the other hand, a bright place involves a large pixel
signal, and thus, the floating diffusion FD fails to accom-
modate charge from the photodiode PD unless the float-
ing diffusion FD has a large FD capacitance C. Further,
the FD capacitance C needs to be properly large such
that the V resulting from conversion into a voltage per-
formed by the amplifying transistor AMP is prevented
from being excessively large (in other words, the V is
made small). On the basis of this, turning on the FD con-
version gain switching transistor FDG increases the gate
capacitance by an amount corresponding to the FD con-
version gain switching transistor FDG, leading to an in-
crease in FD capacitance C of the whole pixel. On the
other hand, turning off the FD conversion gain switching
transistor FDG reduces the FD capacitance C of the
whole pixel. Thus, switching on and off the FD conversion
gain switching transistor FDG allows the FD capacitance
C to be varied, switching the conversion efficiency. The
FD conversion gain switching transistor FDG is, for ex-
ample, an N-type CMOS transistor.

[0309] Note that, in a possible configuration, the FD
conversion gain switching transistor FDG is omitted. At
this time, for example, the pixel circuit 210 includes, for
example, three transistors including the amplifying tran-
sistor AMP, the select transistor SEL, and the reset tran-
sistor RST. The pixel circuit 210 includes at least one of
the pixel transistors, for example, the amplifying transis-
tor AMP, the select transistor SEL, the reset transistor
RST, the FD conversion gain switching transistor FDG,
and the like.

[0310] The select transistor SEL may be provided be-
tween the power supply line VDD and the amplifying tran-
sistor AMP. In this case, the drain of the reset transistor
RST is electrically connected to the power supply line
VDD and the drain of the select transistor SEL. The
source of the select transistor SEL is electrically connect-
ed to the drain of the amplifying transistor AMP, and the
gate of the select transistor SEL is electrically connected
to the row driving signal lines 542 (see FIG. 44). The
source of the amplifying transistor AMP (output end of
the pixel circuit 210) is electrically connected to the ver-
tical signal lines 543, and the gate of the amplifying tran-
sistor AMP is electrically connected to the source of the
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reset transistor RST. Note that, although not depicted,
the number of pixels 541 sharing one pixel circuit 210
may be other than four. For example, two or eight pixels
541 may share one pixel circuit 210.

[0311] FIG. 48 illustrates an example of a connection
aspect between a plurality of the pixel sharing units 539
and a plurality of the vertical signal lines 543. For exam-
ple, four pixel sharing units 539 arranged in juxtaposition
in the column direction are divided into four groups each
connecting to the vertical signal line 543. For simplified
description, FIG. 48 illustrates an example in which each
of the four groups includes one pixel sharing unit 539.
However, each of the four groups may include a plurality
of pixel sharing units 539. As described above, in the
imaging apparatus 1, the plurality of pixel sharing units
539 arranged in juxtaposition in the column direction may
be divided into groups each including one or a plurality
of pixel sharing units 539. Forexample, the vertical signal
line 543 and the column signal processing section 550
are connected to each of the groups to allow pixel signals
to be simultaneously read outfrom the respective groups.
Alternatively, in the imaging apparatus 1, one vertical sig-
nal line 543 may be connected to a plurality of the pixel
sharing units 539 arranged in juxtaposition in the column
direction. At this time, pixel signals are sequentially read
out on a time sharing basis from the plurality of pixel
sharing units 539 connected to one vertical signal line
543.

[Specific Configuration of Imaging Apparatus 1]

[0312] FIG. 49 illustrates an example of a cross-sec-
tional configuration perpendicular to principal surfaces
of the first substrate 100, the second substrate 260, and
the third substrate 300 of the imaging apparatus 1. FIG.
49 schematically illustrates the cross-sectional configu-
ration to facilitate understanding of the positional relation
of components, and may differ from the actual cross sec-
tion. The imaging apparatus 1 includes the first substrate
100, the second substrate 260, and the third substrate
300 laminated together in this order. The imaging appa-
ratus 1 further includes a light receiving lens 401 on the
back side (lightincidence side) of the first substrate 100.
A color filter layer (not depicted) may be provided be-
tween the light receiving lens 401 and the first substrate
100. The lightreceiving lens 401 is provided, forexample,
in each of the pixels 541A, 541B, 541C, and 541D. The
imaging apparatus 1 is, for example, a back-illuminated
type imaging apparatus. The imaging apparatus 1 in-
cludes the pixel array section 540 disposed in the central
portion and a peripheral portion 540B disposed outside
the pixel array section 540.

[0313] The first substrate 100 includes an insulating
film 110, a fixed charge film 112, a semiconductor layer
100S, and an interconnect layer 100T arranged in this
order from the light receiving lens 401 side. The semi-
conductor layer 100S includes, for example, a silicon
substrate. The semiconductor layer 100S includes, for
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example, a p well layer 115 in a part of a front surface
(interconnect layer 100T-side surface) and in the vicinity
of the part, and includes an n-type semiconductor region
114 as the other region (region deeper than the p well
layer 115). For example, the n-type semiconductor region
114 and the p well layer 115 constitute a pn junction pho-
todiode PD. The p well layer 115 is a p-type semicon-
ductor region.

[0314] FIG. 50 illustrates an example of a planar con-
figuration of the first substrate 100. FIG. 50 mainly illus-
trates a planar configuration of a pixel isolation section
117, the photodiode PD, the floating diffusion FD, a VSS
contact region 118, and the transfer transistor TR of the
first substrate 100. The configuration of the first substrate
100 will be described using FIG. 50 along with FIG. 49.
[0315] The floating diffusion FD and the VSS contact
region 118 are provided in the vicinity of the front surface
of the semiconductor layer 100S. The floating diffusion
FD includes an n-type semiconductor region provided in
the p well layer 115. The pieces of floating diffusion FD
(pieces of floating diffusion FD1, FD2, FD3, and FD4) of
each of the pixels 541A, 541B, 541C, and 541D are pro-
vided, for example, in proximity to each other in the cen-
tral portion of the pixel sharing unit 539 (FIG. 50). Al-
though described below in detail, the four pieces of float-
ing diffusion (pieces of floating diffusion FD1, FD2, FD3,
and FD4) included in the sharing unit 539 are electrically
connected together via electric connection means (pad
portions 120 described below) in the first substrate 100
(more specifically, in the interconnect layer 100T). Fur-
ther, the pieces of floating diffusion FD are connected
from the first substrate 100 to the second substrate 260
(more specifically, from the interconnect layer 100T to
the interconnect layer 260T) via electric means (through
electrodes 120E described below). In the second sub-
strate 260 (more specifically, the inside of the intercon-
nect layer 260T), the floating diffusion FD is electrically
connected to the gate of the amplifying transistor AMP
and to the source of the FD conversion gain switching
transistor FDG by the electric means.

[0316] The VSS contact region 118 is a region electri-
cally connected to the reference potential line VSS, and
is spaced apart from the floating diffusion FD. For exam-
ple, in the pixels 541A, 541B, 541C, and 541D, the float-
ing diffusion FD is disposed at one V direction end of
each pixel, whereas the VSS contact region 118 is dis-
posed at the other end (FIG. 50). The VSS contact region
118 includes, for example, a p-type semiconductor re-
gion. The VSS contact region 118 is connected to, for
example, the ground potential or a fixed potential. This
causes a reference potential to be supplied to the sem-
iconductor layer 100S.

[0317] The first substrate 100 is provided with the
transfer transistor TR as well as the photodiode PD, the
floating diffusion FD, and the VSS contact region 118.
The photodiode PD, the floating diffusion FD, the VSS
contact region 118, and the transfer transistor TR are
provided in each of the pixels 541A, 541B, 541C, and



57 EP 3 879 571 A1 58

541D. The transfer transistor TR is provided on the front
surface side (opposite to the light incidence side, on the
second substrate 260 side) of the semiconductor layer
100S. The transfer transistor TR includes a transfer gate
TG. The transfer gate TG includes, for example, a hori-
zontal portion TGb facing the front surface of the semi-
conductor layer 100S and a vertical portion TGa provided
in the semiconductor layer 100S. The vertical portion
TGa extends in a thickness direction of the semiconduc-
tor layer 100S. One end of the vertical portion TGa is in
contact with the horizontal portion TGb, and the other
end of the vertical portion TGa is provided in the n-type
semiconductor region 114. When the transfer transistor
TR includes such a vertical transistor, improper transfer
of pixel signals is less likely to occur, allowing improve-
ment of the readout efficiency of the pixel signals.
[0318] The horizontal portion TGb of the transfer gate
TG extends from a position facing the vertical portion
TGa, for example, toward the central portion of the pixel
sharing unit 539 in the H direction (FIG. 50). This allows
a through electrode (through electrode TGV described
below) reaching the transfer gate TG to be located, in
the H direction, closer to the position of a through elec-
trode (through electrode 120E or 121E described below)
connected to the VSS contact region 118, in the H direc-
tion. For example, the plurality of pixel sharing units 539
provided in the first substrate 100 have the same config-
uration (FIG. 50).

[0319] The semiconductor layer 100S is provided with
the pixel isolation section 117 isolating the pixels 541A,
541B, 541C, and 541D from one another. The pixel iso-
lation section 117 is formed to extend in a normal direc-
tion of the semiconductor layer 100S (direction perpen-
dicular to the front surface of the semiconductor layer
100S). The pixel isolation section 117 is provided to par-
tition the pixels 541A, 541B, 541C, and 541D from one
another, and has, for example, a grid-like planar shape
(FIG. 50 and FIG. 51). The pixel isolation section 117
electrically and optically separates the pixels 541A,
541B, 541C, and 541D from one another. The pixel iso-
lation section 117 includes, for example, a light shielding
film 117A and an insulating film 117B. As the light shield-
ing film 117A, for example, tungsten (W) or the like is
used. The insulating film 117B is provided between the
light shielding films 117A and the p well layer 115 or the
n-type semiconductor region 114. The insulating film
117B includes, for example, silicon oxide (SiO). The pixel
isolation section 117 has, for example, an FTI (Full
Trench Isolation) structure and penetrates the semicon-
ductor layer 100S. Although not depicted, the pixel iso-
lation section 117 is not limited to the FTI structure pen-
etrating the semiconductor layer 100S. For example, the
pixel isolation section 117 may have a DTl (Deep Trench
Isolation) structure not penetrating the semiconductor
layer 100S. The pixel isolation section 117 extends in the
normal direction of the semiconductor layer 100S and is
formed in a partial region of the semiconductor layer
100S.
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[0320] The semiconductorlayer 100S is provided with,
for example, a first pinning region 113 and a second pin-
ning region 116. The first pinning region 113 is provided
in the vicinity of the back surface of the semiconductor
layer 100S and disposed between the n-type semicon-
ductor region 114 and the fixed charge film 112. The sec-
ond pinning region 116 is provided in a side surface of
the pixel isolation section 117, specifically, between the
pixel isolation section 117 and the p well layer 115 or the
n-type semiconductor region 114. Each of the first pin-
ning region 113 and the second pinning region 116 in-
cludes, for example, a p-type semiconductor region.
[0321] The fixed charge film 112 including negative
fixed charge is provided between the semiconductor lay-
er 100S and the insulating film 110. An electric field in-
duced by the fixed charge film 112 causes the first pinning
region 113 for a Hall storage layer to be formed at a light
receiving surface (back) side interface of the semicon-
ductor layer 100S. This reduces generation of a dark cur-
rent caused by an interface state on the light receiving
surface side of the semiconductor layer 100S. The fixed
charge film 112 includes, for example, an insulating film
including negative fixed charge. Examples of a material
for the insulating film including negative fixed charge in-
clude hafnium oxide, zircon oxide, aluminum oxide, tita-
nium oxide, or tantalum oxide.

[0322] The light shielding film 117A is provided be-
tween the fixed charge film 112 and the insulating film
110. The light shielding films 117A may be provided con-
tinuously with the light shielding films 117A constituting
the pixel isolation section 117. The light shielding films
117A between the fixed charge film 112 and the insulating
film 110 are selectively provided at a position facing the
pixel isolation section 117 in the semiconductor layer
1008, for example. The insulating film 110 is provided
over the light shielding films 117A. The insulating film
110 includes, for example, silicon oxide.

[0323] The interconnectlayer 100T provided between
the semiconductor layer 100S and the second substrate
260 includes an interlayer insulating film 119, the pad
portions 120 and 121, apassivation film 126, aninterlayer
insulating film 123, and a junction film 124 in this order
from the semiconductor layer 100S side. The horizontal
portion TGb of the transfer gate TG is provided, for ex-
ample, in the interconnect layer 100T. The interlayer in-
sulating film 119 is provided all over the front surface of
the semiconductor layer 100S in contact with the semi-
conductor layer 100S. The interlayer insulating film 119
includes, for example, a silicon oxide film. Note that the
interconnect layer 100T is not limited to the above-de-
scribed configuration and that any configuration may be
used as long as the interconnect layer 100T includes an
interconnect and an insulating film.

[0324] FIG.51illustrates a configuration of the pad por-
tions 120 and 121 along with the planar configuration
depicted in FIG. 50. The pad portions 120 and 121 are
provided in selective regions on the interlayer insulating
film 119. The pad portion 120 is intended to connect the
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pieces of floating diffusion FD (pieces of floating diffusion
FD1, FD2, FD3, and FD4) of the respective pixels 541A,
541B, 541C, and 541D to one another. The pad portion
120 is disposed, for example, in each pixel sharing unit
539 at the central portion of the pixel sharing unit 539 in
plan view (FIG. 51). The pad portion 120 is provided to
span the pixel isolation section 117 and disposed over-
lapping at least a part of each of the pieces of floating
diffusion FD1, FD2, FD3, and FD4 (FIG. 49 and FIG. 51).
Specifically, the pad portion 120 is formed in a region
overlapping, in a direction perpendicular to the front sur-
face of the semiconductor layer 100S, at least a part of
each of the plurality of pieces of floating diffusion FD
(pieces of floating diffusion FD1, FD2, FD3, and FD4)
sharing the pixel circuit 210 and at least a part of the pixel
isolation section 117 formed between the plurality of pho-
todiodes PD (photodiodes PD1, PD2, PD3, and PD4)
sharing the pixel circuit 210. The interlayer insulating film
119is provided with connection vias 120C for electrically
connecting the pad portion 120 to the pieces of floating
diffusion FD1, FD2, FD3, and FD4. The connection via
120C is provided in each of the pixels 541A, 541B, 541C,
and 541D. For example, a part of the pad portion 120 is
embedded in the connection via 120C to electrically con-
nect the pad portion 120 to each of the pieces of floating
diffusion FD1, FD2, FD3, and FD4.

[0325] The pad portion 121 is intended to connect a
plurality of VSS contact regions 118 together. For exam-
ple, the pad portion 121 electrically connects the VSS
contact region 118 provided for the pixels 541C and 541D
in one of the pixel sharing units 539 adjacent to each
other in the V direction and the VSS contact region 118
provided for the pixels 541A and 541B in the other pixel
sharing unit 539. The pad portion 121 is provided, for
example, to span the pixel isolation section 117 and is
disposed overlapping at least a part of each of the four
VSS contact regions 118. Specifically, the pad portion
121 is formed in a region overlapping, in the direction
perpendicular to the front surface of the semiconductor
layer 100S, at least a part of each of the plurality of VSS
contact regions 118 and at least a part of the pixel isola-
tion section 117 formed between the plurality of VSS con-
tact regions 118. The interlayer insulating film 119 is pro-
vided with connection vias 121C for electrically connect-
ing the pad portion 121 to the VSS contact regions 118.
The connection via 121C is provided in each of the pixels
541A, 541B, 541C, and 541D. For example, a part of the
pad portion 121 is embedded in the connection via 121C
to electrically connect the pad portion 121 to each of the
VSS contact regions 118. For example, the pad portions
120 and 121 in each of the plurality of pixel sharing units
539 arranged in the V direction are disposed approxi-
mately at the same position in the H direction (FIG. 51).
[0326] Provision of the pad portions 120 enables, in
the entire chip, a reduction in interconnects for connect-
ing each of the pieces of floating diffusion FD to the pixel
circuit 210 (for example, the gate electrode of the ampli-
fying transistor AMP). Similarly, provision of the pad por-
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tions 121 enables, in the entire chip, a reduction in inter-
connects for supplying a potential to each of the VSS
contact regions 118. This allows for a reduction in the
area of the entire chip, a decrease of electric interference
between interconnects in miniaturized pixels, and/or a
cost reduction resulting from a reduced number of com-
ponents.

[0327] The pad portions 120 and 121 can be provided
at desired positions in the first substrate 100 and the sec-
ond substrate 260. Specifically, the pad portions 120 and
121 can be provided in any of the interconnect layer 100T
or an insulating region 212 of the semiconductor layer
260S. In a case where the pad portions 120 and 121 are
provided in the interconnect layer 100T, the pad portions
120 and 121 may be disposed in contact with the semi-
conductor layer 100S. Specifically, in a certain configu-
ration, the pad portions 120 and 121 may be directly con-
nected to at least a part of each of the pieces of floating
diffusion FD and/or the VSS contact regions 118. Addi-
tionally, in a certain configuration, the connection vias
120C and 121C may be provided to extend from each of
the pieces of floating diffusion FD and/or the VSS contact
regions 118 connected to the pad portions 120 and 121,
and the pad portions 120 and 121 may be provided at
desired positions in the interconnect layer 100T and the
insulating region 212 of the semiconductor layer 260S.
[0328] In particular, the pad portions 120 and 121 pro-
vided in the interconnect layer 100T enable a reduction
in interconnects connected to the floating diffusion FD
and/or the VSS contact regions 118 in the insulating re-
gion 212 of the semiconductor layer 260S. This in turn
enables a reduction in the area of the insulating region
212 of the second substrate 260 in which the pixel circuit
210 is formed, the insulating region 212 being configured
such that through interconnects for connecting the float-
ing diffusion FD to the pixel circuit 210 are formed in the
insulating region 212. Thus, the area of a portion of the
second substrate 260 in which the pixel circuit 210 is
formed can be increased. Providing a large area for the
pixel circuit 210 enables a large pixel transistor to be
formed, allowing contribution to improvement of image
quality based on a noise reduction and the like.

[0329] In particular, in a case where an FTI structure
is used for the pixel isolation section 117, the floating
diffusion FD and/or the VSS contact region 118 are pref-
erably provided in each of the pixels 541. Thus, the use
of the configuration of the pad portions 120 and 121 en-
ables a drastic reduction in interconnects connecting the
first substrate 100 and the second substrate 260.
[0330] Additionally, asinFIG. 51, for example, the pad
portions 120 to which the plurality of pieces of floating
diffusion FD are connected and the pad portions 121 to
which the plurality of VSS contact regions 118 are con-
nected are linearly alternately arranged in the V direction.
Additionally, the pad portions 120 and 121 are formed at
positions surrounded by a plurality of photodiodes PD, a
plurality of transfer gates TG, or a plurality of pieces of
floating diffusion FD. Thus, in the first substrate 100 in
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which a plurality of elements are formed, elements other
than the floating diffusion FD and the VSS contactregions
118 can be freely disposed, allowing the layout of the
entire chip to be made more efficient. Additionally, the
layout of the elements formed in each pixel sharing unit
539 is reliably made symmetric, allowing a reduction of
variation in characteristics of each pixel 541.

[0331] The pad portions 120 and 121 include, for ex-
ample, polysilicon (Poly Si), more specifically, doped
polysilicon doped with impurities. The pad portions 120
and 121 preferably include a conductive material with
high heat resistance such as polysilicon, tungsten (W),
titanium (Ti), and titanium nitride. Thus, after the semi-
conductor layer 260S of the second substrate 260 is lam-
inated to the first substrate 100, the pixel circuit 210 can
be formed. The reason for this will be explained below.
Note that, in the following description, a first manufactur-
ing method refers to a method in which the pixel circuit
210 is formed after the semiconductor layer 260S of the
second substrate 260 is laminated to the first substrate
100.

[0332] In this regard, it is also possible that, after the
pixel circuit 210 is formed in the second substrate 260,
the second substrate 260 is laminated to the first sub-
strate 100 (this is hereinafter referred to as a second
manufacturing method). In the second manufacturing
method, an electrode for electric connection is pre-
formed on each of the front surface of the first substrate
100 (front surface of the interconnect layer 100T) and
the front surface of the second substrate 260 (front sur-
face of the interconnect layer 260T). When the first sub-
strate 100 and the second substrate 260 are laminated
to each other, the electrode for electric connection
formed on the front surface of the first substrate 100 si-
multaneously comes into contact with the electrode for
electric connection formed on the front surface of the
second substrate 260. This forms electric connection be-
tween the interconnects included in the first substrate
100 and the interconnects included in the second sub-
strate 260. Thus, when the imaging apparatus 1 is con-
figured using the second manufacturing method, the im-
aging apparatus 1 can be manufactured using a proper
process depending on the configuration of each of the
first substrate 100 and the second substrate 260, for ex-
ample. Thus, an imaging apparatus with high quality and
high performance can be manufactured.

[0333] In such a second manufacturing method, when
the first substrate 100 and the second substrate 260 are
laminated, an alignment error may occur due to a man-
ufacturing apparatus for lamination. Additionally, the first
substrate 100 and the second substrate 260 have, for
example, a diameter of approximately several dozen cm,
and when the first substrate 100 and the second sub-
strate 260 are laminated, expansion and contraction of
the substrate may occur in a microscopic region of each
section ofthe first substrate 100 and the second substrate
260. The expansion and contraction of the substrate are
caused by a small timing gap generated when the sub-
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strates come into contact with each other. Due to such
expansion and contraction of the first substrate 100 and
the second substrate 260, an error may occur in the po-
sition of an electrode for electric connection formed on
each of the front surfaces of the first substrate 100 and
the second substrate 260. The second manufacturing
method preferably allows the electrode of the first sub-
strate 100 and the electrode of the second substrate 260
to come into contact with each other in spite of such an
error. Specifically, at least one of and preferably both the
electrode of the first substrate 100 and the electrode of
the second substrate 260 are enlarged in consideration
of the error. Thus, the use of the second manufacturing
method, for example, makes the size of the electrode
formed on the front surface of the first substrate 100 or
the second substrate 260 (size in a substrate plane di-
rection) larger than the size of an internal electrode ex-
tending from the inside of the first substrate 100 or the
second substrate 260 to the front surface in the thickness
direction.

[0334] On the other hand, in a case where the pad
portions 120 and 121 include a heat-resistant conductive
material, the use of the above-described first manufac-
turing method becomes possible. In the first manufactur-
ing method, the first substrate 100 including the photo-
diode PD, the transfer transistor TR, and the like is
formed, and then the first substrate 100 and the second
substrate 260 (semiconductor layer 260S) are laminated.
Atthis time, a pattern of active elements, an interconnect
layer, and the like constituting the pixel circuit 210 has
not been formed yet in the second substrate 260. The
pattern has not been formed yet in the second substrate
260, and thus when the first substrate 100 and the second
substrate 260 are laminated, even in a case where an
error occurs in the lamination position, no error occurs in
alignment between the pattern of the first substrate 100
and the pattern of the second substrate 260. This is be-
cause the pattern of the second substrate 260 is formed
after the first substrate 100 and the second substrate 260
are laminated. Note that, when the pattern is formed in
the second substrate, for example, an exposure appara-
tus for pattern formation is used to form a pattern by using,
as a target for alignment, the pattern formed in the first
substrate 100. For the above-described reason, for the
first manufacturing method, an error in lamination posi-
tion between the first substrate 100 and the second sub-
strate 260 poses no problem in manufacturing the imag-
ing apparatus 1. For a similar reason, for the first manu-
facturing method, an error due to expansion and contrac-
tion of the substrate occurring in the second manufactur-
ing method poses no problem in manufacturing the im-
aging apparatus 1.

[0335] In the first manufacturing method, after the first
substrate 100 and the second substrate 260 (semicon-
ductor layer 260S) are thus laminated, active elements
are formed in the second substrate 260. Subsequently,
through electrodes 120E and 121E and a through elec-
trode TGV (FIG. 49) are formed. In formation of the
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through electrodes 120E, 121E, and TGV, for example,
reduced projection exposure by the exposure apparatus
is used to form a pattern of the through electrodes from
above the second substrate 260. Due to the use of re-
duced projection exposure, even in a case where an error
occurs in alignment between the second substrate 260
and the exposure apparatus, the magnitude of the error
in the second substrate 260 is a fraction of an error in
the second manufacturing method (reciprocal of reduced
exposure projection magnification). Thus, in a case
where the imaging apparatus 1 is configured using the
first manufacturing method, elements formed in the first
substrate 100 are easily aligned with elements formed in
the second substrate 260, allowing an imaging apparatus
with high quality and high performance to be manufac-
tured.

[0336] The imaging apparatus 1 manufactured using
the first manufacturing method as described above has
features different from the features of the imaging appa-
ratus manufactured using the second manufacturing
method. Specifically, in the imaging apparatus 1 manu-
factured by the first manufacturing method, for example,
the through electrodes 120E, 121E, and TGV have an
approximately constant thickness (dimension in the sub-
strate plane direction) from the second substrate 260 to
the first substrate 100. Alternatively, when the through
electrodes 120E, 121E, and TGV have a tapered shape,
the tapered shape has a certain inclination. The imaging
apparatus 1 with such through electrodes 120E, 121E,
and TGV facilitates miniaturization of the pixels 541.
[0337] In this regard, when the imaging apparatus 1 is
manufactured using the first manufacturing method, ac-
tive elements are formed in the second substrate 260
after the first substrate 100 and the second substrate 260
(semiconductor layer 260S) are laminated, and thus the
first substrate 100 is affected by heat treatment required
during formation of the active elements. Thus, as de-
scribed above, a conductive material with high heat re-
sistance is preferably used for the pad portions 120 and
121 provided in the first substrate 100. For example, for
the pad portions 120 and 121, preferably used is a ma-
terial that has a higher melting point (that is, offers higher
heat resistance) than at least a part of an interconnect
material included in the interconnect layer 260T of the
second substrate 260. For example, for the pad portions
120 and 121, a conductive material with high heat resist-
ance such as doped polysilicon, tungsten, titanium, or
titanium nitride is used. This enables the imaging appa-
ratus 1 to be manufactured using the first manufacturing
method described above.

[0338] The passivation film 126 is, for example, pro-
vided all over the front surface of the semiconductor layer
100S in such a manner as to cover the pad portions 120
and 121 (FIG. 49). The passivation film 126 includes, for
example, a silicon nitride (SiN) film. The interlayer insu-
lating film 123 covers the pad portions 120 and 121 via
the passivationfilm 126. The interlayer insulating film 123
is, for example, provided all over the front surface of the
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semiconductor layer 100S. The interlayer insulating film
123 includes, for example, a silicon oxide (SiO) film. The
junctionfilm 124 is provided at a junction surface between
the first substrate 100 (specifically, the interconnect layer
100T) and the second substrate 260. Specifically, the
junction film 124 is in contact with the second substrate
260. Thejunction film 124 is provided all over the principal
surface of the first substrate 100. The junction film 124
includes, for example, a silicon nitride film.

[0339] The light receiving lens 401, for example, faces
the semiconductor layer 100S across the fixed charge
film 112 and the insulating film 110 (FIG. 49). The light
receiving lens 401 is provided at positions facing the re-
spective photodiodes PD of the pixels 541A, 541B, 541C,
and 541D, for example.

[0340] The second substrate 260 includes the semi-
conductor layer 260S and the interconnect layer 260T
arranged in this order from the first substrate 100 side.
The semiconductor layer 260S includes a silicon sub-
strate. In the semiconductor layer 260S, a well region
211 is provided extending in the thickness direction. The
well region 211 is, for example, a p-type semiconductor
region. The second substrate 20 is provided with the pixel
circuits 210 arranged for the respective pixel sharing
units 539. The pixel circuits 210 are provided, for exam-
ple, on the front side (interconnect layer 260T side) of
the semiconductor layer 260S. In the imaging apparatus
1, the second substrate 260 is laminated to the first sub-
strate 100 with the front side (interconnect layer 100T
side) of the first substrate 100 facing the back side (sem-
iconductor layer 260S side) of the second substrate 260.
In other words, the second substrate 260 is laminated to
the first substrate 100 face-to-back.

[0341] FIGS. 52 to 56 schematically illustrate an ex-
ample of a planar configuration of the second substrate
260. FIG. 52 illustrates the configuration of the pixel cir-
cuit 210 provided in the vicinity of the front surface of the
semiconductor layer 260S. FIG. 53 schematically illus-
trates the configuration of the interconnect layer 260T
(specifically, a first interconnect layer W1 described be-
low), the semiconductor layer 260S connected to the in-
terconnect layer 260T, and each section of the first sub-
strate 100. FIGS. 54 to 56 illustrate an example of aplanar
configuration of the interconnect layer 260T. The config-
uration of the second substrate 260 will be described
below using FIGS. 52 to 56 along with FIG. 49. FIG. 52
and FIG. 53 illustrate the contour of the photodiode PD
(boundary between the pixel isolation section 117 and
the photodiode PD) by dashed lines, and illustrate, by
dotted lines, the boundary between an element isolation
region 213 or the insulating region 212 and a portion of
the semiconductor layer 260S that overlaps the gate
electrode of each transistor constituting the pixel circuit
210. Portions of the second substrate 260 that overlap
the gate electrode of the amplifying transistor AMP are
provided with, on one side of a channel width direction,
the boundary between the semiconductor layer 260S and
the element isolation region 213 and the boundary be-
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tween the elementisolation region 213 and the insulating
region 212.

[0342] The second substrate 260 is provided with the
insulating region 212 dividing the semiconductor layer
260S into pieces and the element isolation region 213
formed in a part of the semiconductor layer 260S in the
thickness direction (FIG. 49). For example, in the insu-
lating region 212 provided between the two pixel circuits
210 adjacent to each other in the H direction, the through
electrodes 120E and 121E and through electrodes TGV
(through electrodes TGV1, TGV2, TGV3, and TGV4) of
the two pixel sharing units 539 connected to the two pixel
circuits 210 are arranged (FIG. 53).

[0343] The insulating region 212 has approximately
the same thickness as that of the semiconductor layer
260S (FIG. 49). The semiconductor layer 260S is divided
into pieces by the insulating region 212. The through elec-
trodes 120E and 121E and the through electrode TGV
are arranged in the insulating region 212. The insulating
region 212 includes, for example, silicon oxide.

[0344] The through electrodes 120E and 121E are pro-
vided to penetrate the insulating region 212 in the thick-
ness direction. Upper ends of the through electrodes
120E and 121E are connected to interconnects in the
interconnect layer 260T (a first interconnect W1, a sec-
ond interconnect W2, a third interconnect W3, and a
fourth interconnect W4 described below). The through
electrodes 120E and 121E are provided to penetrate the
insulating region 212, the junction film 124, the interlayer
insulating film 123, and the passivation film 126, and are
connected to the pad portions 120 and 121 at lower ends
of the through electrodes 120E and 121E (FIG. 49). The
through electrode 120E is intended to electrically connect
the pad portion 120 and the pixel circuit 210. Specifically,
the through electrode 120E electrically connects the
floating diffusion FD of the first substrate 100 to the pixel
circuit 210 of the second substrate 260. The through elec-
trode 121E is intended to electrically connect the pad
portion 121 and the reference potential line VSS in the
interconnect layer 260T. Specifically, the through elec-
trode 121E electrically connects the VSS contact region
118 of the first substrate 100 to the reference potential
line VSS in the second substrate 260.

[0345] The through electrode TGV is provided to pen-
etrate the insulating region 212 in the thickness direction.
An upper end of the through electrode TGV is connected
to an interconnect of the interconnect 260T. The through
electrode TGV is provided to penetrate the insulating re-
gion 212, the junction film 124, the interlayer insulating
film 123, the passivation film 126, and the interlayer in-
sulating film 119 and is connected to the transfer gate
TG at a lower end of the through electrode TGV (FIG.
49). The through electrode TGV as described above is
intended to electrically connect the transfer gates TG
(transfer gates TG1, TG2, TG3, and TG4) of the respec-
tive pixels 541A, 541B, 541C, and 541D to interconnects
in the interconnect layer 260T (part of the row driving
signallines 542, specifically, interconnects TRG1, TRG2,
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TRG3, and TRG4 in FIG. 55 described below). Specifi-
cally, the through electrode TGV electrically connects the
transfer gates TG of the first substrate 100 to the inter-
connects TRG of the second substrate 260 to transmit
driving signals to the respective transfer transistors TR
(transfer transistors TR1, TR2, TR3, and TR4).

[0346] The insulating region 212 is a region where the
through electrodes 120E and 121E and the through elec-
trode TGV for electrically connecting the first substrate
100 and the second substrate 260 are provided while
being insulated from the semiconductor layer 260S. For
example, in the insulating region 212 provided between
the two pixel circuits 210 (sharing unit 539) adjacent to
each otherin the H direction, the through electrodes 120E
and 121E and through electrodes TGV (through elec-
trodes TGV1, TGV2, TGV3, and TGV4) connected to the
two pixel circuits 210 are arranged. The insulating region
212 is provided, for example, to extend in the V direction
(FIG. 52 and FIG. 53). In this regard, the arrangement of
the horizontal portion TGb of the transfer gate TG is de-
signed such that the H direction position of the through
electrode TGV is closer to the H direction positions of the
through electrodes 120E and 121E than the position of
the vertical portion TGa (FIG. 50 and FIG. 53). For ex-
ample, the through electrode TGV is disposed approxi-
mately at the same position as that of each of the through
electrodes 120E and 121E in the H direction. This allows
the through electrodes 120E and 121E and the through
electrode TGV to be collectively provided in the insulating
region 212 extending in the V direction. In another ar-
rangement example, the horizontal portion TGb may be
provided only in a region overlapping the vertical portion
TGa. In this case, the through electrode TGV is formed
substantiallyimmediately above the vertical portion TGa,
and, for example, the through electrode TGV is disposed
approximately in the central portion of each pixel 541 in
the H direction and the V direction. At this time, the H
direction position of the through electrode TGV is signif-
icantly misaligned with the H direction position of each
of the through electrodes 120E and 121E. For example,
the insulating region 212 is provided around the through
electrode TGV and the through electrodes 120E and
121E for electric insulation from the proximate semicon-
ductor layer 260S. In a case where the H direction posi-
tion of the through electrode TGV is significantly away
from the H direction position of each of the through elec-
trodes 120E and 121E, the insulating region 212 needs
to be independently provided around each of the through
electrodes 120E, 121E, and TGV. This divides the sem-
iconductor layer 260S into smaller pieces. In contrast,
the H direction dimension of the semiconductor layer
2608 can be increased by the layout in which the through
electrodes 120E and 121E and the through electrode
TGV are collectively arrangedin the insulating region 212
extending in the V direction. Thus, a large area can be
provided for a semiconductor element formation region
in the semiconductor layer 260S. This, for example, en-
ables an increase in the size of the amplifying transistor
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AMP, allowing noise to be reduced.

[0347] As described with reference to FIG. 4, the pixel
sharing unit 539 has a structure in which the pixel sharing
unit 539 electrically connects the pieces of floating diffu-
sion FD provided in the respective plurality of pixels 541,
which share one pixel circuit 210. Further, the electric
connection between the pieces of floating diffusion FD
is made by the pad portion 120 provided in the first sub-
strate 100 (FIG. 49 and FIG. 51). The electric connection
portion (pad portion 120) provided in the first substrate
100 is electrically connected, via one through electrode
120E, to the pixel circuit 210 provided in the second sub-
strate 260. In another structure example, the electric con-
nection portion between the pieces of floating diffusion
FD may be provided in the second substrate 260. In this
case, the pixel sharing unit 539 is provided with four
through electrodes connected to the respective pieces
of floating diffusion FD1, FD2, FD3, and FD4. Accord-
ingly, in the second substrate 260, more through elec-
trodes penetrate the semiconductor layer 260S, enlarg-
ing the insulating region 212 insulating the peripheries
of the through electrodes. In contrast, the structure with
the pad portions 120 provided in the first substrate 100
(FIG. 49 and FIG. 51) enables a reduction in the number
of through electrodes and in the size of the insulating
region 212. Thus, a large area can be provided for the
semiconductor element formation region in the semicon-
ductor layer 260S. This enables, for example, an in-
crease in the size of the amplifying transistor AMP, al-
lowing possible noise to be reduced.

[0348] The elementisolation region 213 is provided on
the front side of the semiconductor layer 260S. The ele-
ment isolation region 213 has an STI (Shallow Trench
Isolation) structure. In the element isolation region 213,
the semiconductor layer 260S is dug in the thickness
direction (perpendicular to the principal surface of the
second substrate 260), and an insulating film is embed-
ded in the dug portion. The insulating film includes, for
example, silicon oxide. The element isolation region 213
isolates the plurality of transistors constituting the pixel
circuit 210 from one another, as elements, according to
the layout of the pixel circuit 210. Below the element iso-
lation region 213 (in a deep portion of the semiconductor
layer 260S), the semiconductor layer 260S (specifically,
the well region 211) extends.

[0349] Now, with reference to FIG. 50, FIG. 51, and
FIG. 52, description will be given of a difference in exter-
nal shape (external shape in the substrate plane direc-
tion) between the pixel sharing unit 539 in the first sub-
strate 100 and the pixel sharing unit 539 in the second
substrate 260.

[0350] In the imaging apparatus 1, the pixel sharing
unit 539 is provided to span both the first substrate 100
and the second substrate 260. For example, the pixel
sharing unit 539 provided in the first substrate 100 differs,
in external shape, from the pixel sharing unit 539 provided
in the second substrate 260.

[0351] InFIG. 50 and FIG. 51, contour lines of the pix-
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els 541A, 541B, 541C, and 541D are illustrated by alter-
nate long and short dash lines, and the external shape
of the pixel sharing unit 539 is illustrated by thick lines.
For example, the pixel sharing unit 539 of the first sub-
strate 100 includes two pixels 541 (pixels 541A and 541B)
disposed adjacent to each other in the H direction and
two pixels 541 (pixels 541C and 541D) disposed adjacent
to the pixels 541A and 541B in the V direction. Specifi-
cally, the pixel sharing unit 539 of the first substrate 100
includes the four pixels 541 in two adjacent rows and two
adjacent columns, and has a generally square external
shape. In the pixel array section 540, such pixel sharing
units 539 are arranged adjacent to one another at a pitch
of two pixels (pitch corresponding to two pixels 541) in
the H direction and at a pitch of two pixels (pitch corre-
sponding to two pixels 541) in the V direction.

[0352] InFIG. 52 and FIG. 53, the contour lines of the
pixels 541A, 541B, 541C, and 541D are illustrated by
alternate long and short dash lines, and the external
shape of the pixel sharing unit 539 is illustrated by thick
lines. Forexample, the external shape of the pixel sharing
unit 539 of the second substrate 260 is smaller in the H
direction but larger in the V direction than the external
shape of the pixel sharing unit 539 of the first substrate
100. For example, the pixel sharing unit 539 of the second
substrate 260 is formed in a size (region) corresponding
to one pixel in the H direction and to four pixels in the V
direction. Specifically, the pixel sharing unit 539 of the
second substrate 260 is formed in a size corresponding
to pixels arranged in one adjacent row and four adjacent
columns, and has agenerally rectangular external shape.
[0353] Forexample, each pixel circuit 210 includes the
select transistor SEL, the amplifying transistor AMP, the
reset transistor RST, and the FD conversion gain switch-
ing transistor FDG arranged in juxtaposition in this order
in the V direction (FIG. 52). When each pixel circuit 210
has a generally rectangular external shape as described
above, the four transistors (select transistor SEL, ampli-
fying transistor AMP, reset transistor RST, and FD con-
version gain switching transistor FDG) can be arranged
in juxtaposition in one direction (in FIG. 52, the V direc-
tion). This allows the drain of the amplifying transistor
AMP and the drain of the reset transistor RST to be
sharedin one diffusion region (diffusion region connected
to the power supply line VDD). For example, a generally
square formation region can be provided for each pixel
circuit 210 (see FIG. 65 described below). In this case,
two transistors are disposed along one direction, leading
to difficulty in sharing the drain of the amplifying transistor
AMP and the drain of the reset transistor RST in one
diffusion region. Thus, by providing a generally rectan-
gular formation region for the pixel circuit 210, the four
transistors can easily be arranged in proximity to one
another, allowing the formation region for the pixel circuit
210 to be made smaller. In other words, the pixels can
be miniaturized. Additionally, when the formation region
for the pixel circuit 210 need not be made smaller, the
formation region for the amplifying transistor AMP can
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be enlarged to reduce noise.

[0354] For example, in addition to the select transistor
SEL, the amplifying transistor AMP, the reset transistor
RST, and the FD conversion gain switching transistor
FDG, a VSS contact region 218 connected to the refer-
ence potential line VSS is provided in the vicinity of the
front surface of the semiconductor layer 260S. The VSS
contact region 218 includes, for example, a p-type sem-
iconductor region. The VSS contact region 218 is elec-
trically connected to the VSS contact region 118 of the
first substrate 100 (semiconductor layer 100S) via the
interconnect in the interconnect layer 260T and the
through electrode 121E. The VSS contact region 218 is,
for example, provided at a position adjacent to the source
of the FD conversion gain switching transistor FDG
across the element isolation region 213 (FIG. 52).
[0355] Now, with reference to FIG. 51 and FIG. 52,
description will be given of a positional relation between
the pixel sharing unit 539 provided in the first substrate
100 and the pixel sharing unit 539 provided in the second
substrate 260. For example, one of the two pixel sharing
units 539 (for example, the upper pixel sharing unit 539
in the page of FIG. 51) of the first substrate 100 arranged
in juxtaposition in the V direction is connected to one of
the two pixel sharing units 539 (for example, the left pixel
sharing unit 539 in the page of FIG. 52) of the second
substrate 260 arranged in juxtaposition in the H direction.
For example, one of the two pixel sharing units 539 (for
example, the lower pixel sharing unit 539 in the page of
FIG. 51) of the first substrate 100 arranged in juxtaposi-
tionin the V direction is connected to one of the two pixel
sharing units 539 (for example, the right pixel sharing
unit 539 in the page of FIG. 52) of the second substrate
260 arranged in juxtaposition in the H direction.

[0356] Forexample, for the two pixel sharing units 539
of the second substrate 260 arranged in juxtaposition in
the H direction, the internal layout (arrangement of tran-
sistors and the like) of one of the pixel sharing units 539
is approximately equal to the internal layout of the other
pixel sharing unit 539 inverted in the V direction and the
H direction. The effects of the layout will be described
below.

[0357] In the two pixel sharing units 539 of the first
substrate 100 arranged in juxtaposition in the V direction,
each pad portion 120 is disposed in the central portion
of the external shape of the pixel sharing unit 539, that
is, in the central portion of the pixel sharing unit 539 in
the V direction and the H direction (FIG. 51). On the other
hand, the pixel sharing unit 539 of the second substrate
260 has a generally rectangular external shape that is
long in the V direction, and thus, for example, the ampli-
fying transistor AMP connected to the pad portion 120 is
disposed at a position misaligned upward, in the page of
the figure, with respect to the center of the pixel sharing
unit 539 in the V direction. For example, when the two
pixel sharing units 539 of the second substrate 260 ar-
ranged in juxtaposition in the H direction have the same
internal layout, the distance between the amplifying tran-
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sistor AMP of one of the pixel sharing units 539 and the
pad portion 120 (for example, the pad portion 120 of the
upper pixel sharing unit 539 in the page of FIG. 7) is
relatively short. However, the distance between the am-
plifying transistor AMP of the other pixel sharing units
539 and the pad portion 120 (for example, the pad portion
120 of the lower pixel sharing unit 539 in the page of FIG.
7) is long. This increases the area of interconnects re-
quired to connect the amplifying transistor AMP and the
pad portion 120, and the increased area may complicate
the interconnect layout of the pixel sharing unit 539. This
may in turn affect the miniaturization of the imaging ap-
paratus 1.

[0358] In contrast, in a case where the internal layout
of one of the two pixel sharing units 539 of the second
substrate 260 arranged in juxtaposition in the H direction
is inverted with respect to the internal layout of the other
pixel sharing unit 539 at least in the V direction, the dis-
tance between the amplifying transistor AMP and the pad
portion 120 can be reduced in both pixel sharing units
539. Thus, this configuration facilitates miniaturization of
the imaging apparatus 1 compared to the configuration
in which the two pixel sharing units 539 of the second
substrate 260 arranged in juxtaposition in the H direction
have the same layout. Note that the planar layout of each
of the pixel sharing units 539 in the second substrate 260
is laterally symmetric to the extent illustrated in FIG. 52
but the planar layout including the layout of the first in-
terconnect layer W1 illustrated in FIG. 53 described be-
low is laterally asymmetric.

[0359] Additionally, preferably, the internal layout of
one of the two pixel sharing units 539 of the second sub-
strate 260 arranged in juxtaposition in the H direction is
also inverted with respect to the internal layout of the
other pixel sharing unit 539 in the H direction. The reason
for this will be explained below. As depicted in FIG. 53,
the two pixel sharing units 539 of the second substrate
260 arranged in juxtaposition in the H direction are re-
spectively connected to the pad portions 120 and 121 of
the first substrate 100. For example, the pad portions 120
and 121 are disposed in the central portion, in the H di-
rection, of the two pixel sharing unit 539 of the second
substrate 260 arranged in juxtaposition in the H direction
(disposed between the two pixel sharing units 539 ar-
ranged in juxtaposition in the H direction). Thus, in a case
where the internal layout of one of the two pixel sharing
units 539 of the second substrate 260 arranged in juxta-
position in the H direction is also inverted with respect to
the internal layout of the other pixel sharing unit 539 in
the H direction, the distance between each of the plurality
of pixel sharing units 539 of the second substrate 260
and each ofthe pad portions 120 and 121 can be reduced.
In other words, miniaturization of the imaging apparatus
1 is further facilitated.

[0360] Additionally, the contour lines of the pixel shar-
ing unit 539 of the second substrate 260 need not be
aligned with any of the contour lines of the pixel sharing
unit 539 of the first substrate 100. For example, one (for
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example, an upper contour line in the page of FIG. 53)
of the V direction contour lines of one of the two pixel
sharing units 539 of the second substrate 260 arranged
in juxtaposition in the H direction (for example, the left
pixel sharing unit 539 in the page of FIG. 53) is disposed
outside a corresponding one (for example, an upper con-
tour line in the page of FIG. 51) of the V direction contour
lines of the pixel sharing unit 539 of the first substrate
100. Additionally, the other (for example, a lower contour
line inthe page of FIG. 53) of the V direction contour lines
of the other of the two pixel sharing units 539 of the sec-
ond substrate 260 arranged in juxtaposition in the H di-
rection (for example, the right pixel sharing unit 539 in
the page of FIG. 53) is disposed outside the correspond-
ing other (for example, a lower contour line in the page
of FIG. 51) of the V direction contour lines of the pixel
sharing unit 539 of the first substrate 100. By thus dis-
posing the pixel sharing unit 539 of the second substrate
260 and the pixel sharing unit 539 of the first substrate
100 with respect to each other, the distance between the
amplifying transistor AMP and the pad portion 120 can
be reduced. Consequently, the miniaturization of the im-
aging apparatus 1 is facilitated.

[0361] Additionally, the contour lines of the plurality of
pixel sharing units 539 of the second substrate 260 need
not be aligned with one another. For example, the V di-
rection contour lines of the two pixel sharing units 539 of
the second substrate 260 arranged in juxtaposition in the
H direction are misaligned with each other. This enables
a reduction in the distance between the amplifying tran-
sistor AMP and the pad portion 120. Accordingly, minia-
turization of the imaging apparatus 1 is facilitated.
[0362] Withreferenceto FIG.51andFIG. 53, repeated
arrangement of the pixel sharing unit 539 in the pixel
array section 540 will be described. The pixel sharing
unit 539 of the first substrate 100 has a dimension cor-
responding to two pixels 541 in the H direction and a
dimension corresponding to two pixels 541 in the V di-
rection (FIG. 51). For example, in the pixel array section
540 of the first substrate 100, pixel sharing units 539 each
having a dimension corresponding to the four pixels 541
described above are repeatedly arranged adjacenttoone
another at a pitch of two pixels (pitch corresponding to
two pixels 541) in the H direction and at a pitch of two
pixels (pitch corresponding to two pixels 541) in the V
direction. Alternatively, in the pixel array section 540 of
the first substrate 100, a pair of pixel sharing units 539
that includes two pixel sharing units 539 disposed adja-
cent to each other in the V direction may be provided. In
the pixel array section 540 of the first substrate 100, for
example, pairs of pixel sharing units 539 are repeatedly
arranged adjacent to one another at a pitch of two pixels
(pitch corresponding to two pixels 541) in the H direction
and at a pitch of four pixels (pitch corresponding to four
pixels 541) in the V direction. The pixel sharing unit 539
ofthe second substrate 260 has a dimension correspond-
ing to one pixel 541 in the H direction and a dimension
corresponding to four pixels 541 in the V direction (FIG.
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53). For example, the pixel array section 540 of the sec-
ond substrate 260 is provided with a pair of pixel sharing
units 539 including two pixel sharing units 539 having a
dimension corresponding to the four pixels 541 described
above. Such pixel sharing units 539 are arranged adja-
cent to one another in the H direction but misaligned with
one another in the V direction. In the pixel array section
540 of the second substrate 260, for example, pairs of
pixel sharing units 539 are repeatedly arranged adjacent
to one another with no gap at a pitch of two pixels (pitch
corresponding to two pixels 541) in the H direction and
at a pitch of four pixels (pitch corresponding to four pixels
541) in the V direction. Repeated arrangement of such
pixel sharing units 539 enables the pixel sharing units
539 to be arranged with no gap. Accordingly, miniaturi-
zation of the imaging apparatus 1 is facilitated.

[0363] The amplifying transistor AMP preferably has,
for example, a three-dimensional structure such as a Fin
structure (FIG. 49). This increases the magnitude of an
effective gate width, enabling possible noise to be re-
duced. The select transistor SEL, the reset transistor
RST, and the FD conversion gain switching transistor
FDG each have, for example, a planar structure. The
amplifying transistor AMP may have a planar structure.
Alternatively, the select transistor SEL, the reset transis-
tor RST, and the FD conversion gain switching transistor
FDG may have a three-dimensional structure.

[0364] The interconnect layer 260T includes, for ex-
ample, a passivation film 221, an interlayer insulating film
222, and a plurality of interconnects (first interconnect
layer W1, second interconnect layer W2, third intercon-
nect layer W3, and fourth interconnect layer W4). The
passivation film 221, for example, contacts the front sur-
face of the semiconductor layer 260S and covers the
entire front surface of the semiconductor layer 260S. The
passivation film 221 covers the gate electrode of each of
the select transistor SEL, the amplifying transistor AMP,
the reset transistor RST, and the FD conversion gain
switching transistor FDG. The interlayer insulating film
222 is provided between the passivation film 221 and the
third substrate 300. The interlayer insulating film 222 sep-
arates the plurality ofinterconnects (firstinterconnect lay-
er W1, second interconnect layer W2, third interconnect
layer W3, and fourth interconnect layer W4) from one
another. The interlayer insulating film 222 includes, for
example, silicon oxide.

[0365] The interconnect layer 260T is, for example,
provided with the first interconnect layer W1, the second
interconnect layer W2, the third interconnect layer W3,
the fourth interconnectlayer W4, and the contact portions
261 and 261 in this order from the semiconductor layer
260S side, and the above components are insulated from
one another by the interlayer insulating film 222. The in-
terlayer insulating film 222 is provided with a plurality of
connection portions connecting the firstinterconnect lay-
er W1, the second interconnect layer W2, the third inter-
connect layer W3, or the fourth interconnect layer W4 to
a lower layer of the interconnect layer. The connection
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portion includes a connection hole which is provided in
the interlayer insulating film 222 and in which a conduc-
tive material is embedded. For example, the interlayer
insulating film 222 is provided with a connection portion
218V connecting the first interconnect layer W1 and the
VSS contact region 218 of the semiconductor layer 260S.
For example, the connection portion connecting ele-
ments of the second substrate 260 has a pore diameter
different from the pore diameter of each of the through
electrodes 120E and 121E and the through electrode
TGV. Specifically, the connection hole connecting ele-
ments of the second substrate 260 preferably has a
smaller pore diameter than each of the through elec-
trodes 120E and 121E and the through electrode TGV.
The reason for this will be explained below. The connec-
tion portions provided in the interconnect layer 260T
(connection portion 218V and the like) have a smaller
depth than the through electrodes 120E and 121E and
the through electrode TGV. Thus, a conductive material
can be embedded in the connection hole of the connec-
tion portion more easily than in the through electrodes
120E and 121E and the through electrode TGV. By mak-
ing the pore diameter of the connection portion smaller
than the pore diameter of each of the through electrodes
120E and 121E and the through electrode TGV, minia-
turization of the imaging apparatus 1 is facilitated.
[0366] For example, the first interconnect layer W1
connects the through electrode 120E to the gate of the
amplifying transistor AMP and the source of the FD con-
version gain switching transistor FDG (specifically, the
connection hole reaching the source of the FD conver-
sion gain switching transistor FDG). Thefirstinterconnect
layer W1, for example, connects the through electrode
121E and the connection portion 218V, thus electrically
connecting the VSS contact region 218 of the semicon-
ductor layer 260S to the VSS contact region 118 of the
semiconductor layer 100S.

[0367] Now, a planar configuration of the interconnect
layer 260T will be described using FIGS. 54 to 56. FIG.
54 illustrates an example of a planar configuration of the
first interconnect layer W1 and the second interconnect
layer W2. FIG. 55 illustrates an example of a planar con-
figuration of the second interconnect layer W2 and the
third interconnect layer W3. FIG. 56 illustrates an exam-
ple of a planar configuration of the third interconnect layer
W3 and the fourth interconnect layer W4.

[0368] For example, the third interconnect layer W3
includes interconnects TRG1, TRG2, TRG3, TRG4,
SELL, RSTL, and FDGL extending in the H direction (row
direction) (FIG. 55). The interconnects correspond to a
plurality of row driving signal lines 542 described with
reference to FIG. 47. The interconnects TRG1, TRG2,
TRG3, and TRG4 are intended to respectively transmit
driving signals to the transfer gates TG1, TG2, TG3, and
TG4. The interconnects TRG1, TRG2, TRGS3, and TRG4
are respectively connected to the transfer gates TG1,
TG2, TG3, and TG4 via the second interconnect layer
W2, the first interconnect layer W1, and the through elec-
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trode 120E. The interconnect SELL is intended to trans-
mit a driving signal to the gate of the select transistor
SEL, the interconnect RSTL isintended to transmit a driv-
ing signal to the gate of the reset transistor RST, and the
interconnect FDGL is intended to transmit a driving signal
to the gate of the FD conversion gain switching transistor
FDG. The interconnects SELL, RSTL, and FDGL are re-
spectively connected to the gates of the select transistor
SEL, the reset transistor RST, and the FD conversion
gain switching transistor FDG via the second intercon-
nect layer W2, the first interconnect layer W1, and the
connection portion.

[0369] For example, the fourth interconnect layer W4
includes the power supply line VDD, the reference po-
tential line VSS, and the vertical signal line 543 extending
in the V direction (column direction) (FIG. 56). The power
supply line VDD is connected to the drain of the ampli-
fying transistor AMP and the drain of the reset transistor
RST via the third interconnect layer W3, the second in-
terconnect layer W2, the first interconnect layer W1, and
the connection portion. The reference potential line VSS
is connected to the VSS contact region 218 via the third
interconnectlayer W3, the second interconnect layer W2,
the first interconnect layer W1, and the connection por-
tion 218V. Additionally, the reference potential line VSS
is connected to the VSS contact region 118 of the first
substrate 100 via the third interconnect layer W3, the
second interconnectlayer W2, the first interconnect layer
W1, the through electrode 121E, and the pad portion 121.
The vertical signal line 543 is connected to the source
(Vout) of the select transistor SEL via the third intercon-
nectlayer W3, the second interconnect layer W2, the first
interconnect layer W1, and the connection portion.
[0370] The contact portions 261 and 262 may be pro-
vided, in plan view, at a position where the contact por-
tions 261 and 262 overlap the pixel array section 540 (for
example, FIG. 46) or in a peripheral portion 540B outside
the pixel array section 540 (for example, FIG. 49). The
contact portions 261 and 262 are provided on the front
surface (interconnectlayer 260T-side surface) of the sec-
ond substrate 260. The contact portions 261 and 262
include, for example, metal such as Cu (copper) and Al
(aluminum). The contact portions 261 and 262 are ex-
posed on the front surface (third substrate 300-side sur-
face) of the interconnect layer 260T. The contact portions
261 and 262 are used to electrically connect the second
substrate 260 and the third substrate 300 and to laminate
the second substrate 260 to the third substrate 300.
[0371] FIG. 49 illustrates an example in which a pe-
ripheral circuit is provided in the peripheral portion 540B
of the second substrate 260. The peripheral circuit may
include a part of the row driving section 520, a part of the
column signal processing section 550, or the like. Alter-
natively, as illustrated in FIG. 46, with no peripheral circuit
disposed in the peripheral portion 540B of the second
substrate 260, the connection hole portions H1 and H2
may be disposed in the vicinity of the pixel array section
540.
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[0372] The third substrate 300 includes, for example,
the interconnect layer 300T and the semiconductor layer
300S in this order from the second substrate 260 side.
Forexample, the front surface of the semiconductor layer
300S is provided on the second substrate 260 side. The
semiconductor layer 300S includes a silicon substrate.
A circuit is provided in a front side portion of the semi-
conductor layer 300S. Specifically, the front side portion
of the semiconductor layer 300S is provided with at least
some of, for example, the input section 510A, the row
driving section 520, the timing control section 530, the
column signal processing section 550, the image signal
processing section 560, and the output section 510B.
The interconnect layer 300T provided between the sem-
iconductor layer 300S and the second substrate 260 in-
cludes, for example, an interlayer insulating film, a plu-
rality of interconnect layers separated from one another
by the interlayer insulating film, and the contact portions
305 and 302. The contact portions 305 and 302 are ex-
posed on the front surface of the interconnect layer 300T
(second substrate 260-side surface), the contact portion
305 is in contact with the contact portion 261 of the sec-
ond substrate 260, and the contact portion 302 is in con-
tact with the contact portion 262 of the second substrate
260. The contact portions 305 and 302 are electrically
connected to a circuit formed in the semiconductor layer
300S (for example, at least one of the input section 510A,
the row driving section 520, the timing control section
530, the column signal processing section 550, the image
signal processing section 560, or the output section
510B). The contact portions 305 and 302 include any of,
for example, metal such as Cu (copper) and aluminum
(Al). For example, an external terminal TA is connected
to the input section 510A via the connection hole portion
H1, and an external terminal TB is connected to the out-
put section 510B via the connection hole portion H2.
[0373] Now, features of the imaging apparatus 1 will
be described.

[0374] Normally, animagingapparatus includes apho-
todiode and a pixel circuit as main components. In this
regard, an increased area of the photodiode increases
the amount of charge resulting from photoelectric con-
version, resulting in an improved signal/noise ratio (S/N
ratio) of pixel signals. This allows the imaging apparatus
to output better image data (image information). On the
other hand, an increased size of the transistor included
in the pixel circuit (particularly, the size of the amplifying
transistor) reduces possible noise in the pixel circuit, re-
sulting in an improved S/N ratio of pixel signals. This al-
lows the imaging apparatus to output better image data
(image information).

[0375] However, in an imaging apparatus in which a
photodiode and a pixel circuit are provided in the same
semiconductor substrate, an increase in the area of the
photodiode within the limited area of the semiconductor
substrate may reduce the size of a transistor included in
the pixel circuit. Additionally, an increase in the size of
the transistor included in the pixel circuit may reduce the
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area of the photodiode.

[0376] To solve these problems, for example, the im-
aging apparatus 1 of the present embodiment uses a
structure in which a plurality of pixels 541 share one pixel
circuit 210 and in which the shared pixel circuit 210 is
disposed overlapping the photodiode PD. This allows
maximization of the area of the photodiode PD within the
limited area of the semiconductor substrate and maximi-
zation of the size of the transistor included in the pixel
circuit 210. Thus, the S/N ratio of the pixel signal can be
improved, and the imaging apparatus 1 can output better
image data (image information).

[0377] When a structure in which a plurality of pixels
541 share one pixel circuit 210 and in which the pixel
circuit 210 is disposed overlapping the photodiode PD is
achieved, a plurality of interconnects connected to the
pixel circuit 210 extend from the pieces of floating diffu-
sion FD of the respective plurality of pixels 541. Toensure
alarge area for the semiconductor substrate 260 forming
the pixel circuit 210, for example, the plurality of extend-
ing interconnects can be connected together and formed
into one integrated connection interconnect. For the plu-
rality of interconnects extending from the VSS contact
region 118 as well, the plurality of extending intercon-
nects can be connected together and formed into one
integrated connection interconnect.

[0378] For example, in a case where a connection in-
terconnect is formed in the semiconductor substrate 260
forming the pixel circuit 210, the connection interconnect
connecting and integrating together a plurality of inter-
connects extending from the pieces of floating diffusion
FD of the respective plurality of pixels 541, the area in
which the transistor included in the pixel circuit 210 is
formed may be reduced. Similarly, in a case where a
connection interconnect is formed in the semiconductor
substrate 260 forming the pixel circuit 210, the connec-
tion interconnect connecting and integrating together, in-
to one interconnect, a plurality ofinterconnects extending
from the VSS contact regions 118 of the respective plu-
rality of pixels 541, the area in which the transistor in-
cluded in the pixel circuit 210 is formed may be reduced.
[0379] To solve these problems, for example, the im-
aging apparatus 1 of the presentembodimenthas a struc-
ture in which the plurality of pixels 541 share the one
pixel circuit 210 and the shared pixel circuit 210 is dis-
posed overlapping the photodiode PD and in which the
first substrate 100 is provided with a connection intercon-
nect connecting and integrating together the pieces of
floating diffusion FD of the respective plurality of pixels
541 into one piece of floating diffusion FD and a connec-
tion interconnect connecting and integrating together the
VSS contact regions 118 included in the respective plu-
rality of pixels 541 into one VSS contact region 118.
[0380] In this regard, when the second manufacturing
method described above is used as a manufacturing
method for providing the first substrate 100 with the con-
nection interconnect connecting and integrating together
the pieces of floating diffusion FD of the respective plu-
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rality of pixels 541 into one piece of floating diffusion FD
and the connection interconnect connecting and integrat-
ing together the VSS contact regions 118 included in the
respective plurality of pixels 541 into one VSS contact
region 118, for example, appropriate processes corre-
sponding to the configurations of the first substrate 100
and the second substrate 260 can be used for manufac-
turing. Then, an imaging apparatus with high quality and
high performance can be manufactured. Additionally, an
easy process can be used to form a connection intercon-
nect for the first substrate 100 and the second substrate
260. Specifically, in a case where the above-described
second manufacturing method is used, an electrode con-
nected to the floating diffusion FD and an electrode con-
nected to the VSS contact region 118 are respectively
provided on the front surface of the first substrate 100
and the front surface of the second substrate 260 con-
stituting a lamination interface between the first substrate
100 and the second substrate 260. Further, when the
first substrate 100 and the second substrate 260 are lam-
inated, misalignment may occur between the electrodes
provided on the two substrate front surfaces, and in such
a case, to allow the electrodes formed on the two sub-
strate front surfaces to come into contact with each other
in spite of the misalignment, the electrodes formed on
the two substrate front surfaces are preferably enlarged.
This may lead to difficulty in disposing the electrode in
the limited area of each pixel included in the imaging
apparatus 1.

[0381] To eliminate the disadvantageous need for
large electrodes at the lamination interface between the
first substrate 100 and the second substrate 260, for ex-
ample, the imaging apparatus 1 of the present embodi-
ment can use the first manufacturing method described
above as a manufacturing method in which the plurality
of pixels 541 share the one pixel circuit 210 and in which
the shared pixel circuit 210 is disposed overlapping the
photodiode PD. This facilitates alignment between the
elements formed in the first substrate 100 and the ele-
ments formed inthe second substrate 260, allowing man-
ufacturing of an imaging apparatus with high quality and
high performance. Further, a specific structure that re-
sults from the use of this manufacturing method can be
provided. Specifically, provided is a structure in which
the semiconductor layer 100S and interconnect layer
100T of the first substrate 100 and the semiconductor
layer 260S and interconnect layer 260T of the second
substrate 260 are laminated in this order, in other words,
provided is a structure in which the first substrate 100
and the second substrate 260 are laminated face-to-
back. Furthermore, provided are the through electrodes
120E and 121E are extend from the front side of the sem-
iconductor layer 260S of the second substrate 260
through the semiconductor layer 260S and the intercon-
nect layer 100T of the first substrate 100 to the front sur-
face of the semiconductor layer 100S of the first substrate
100.

[0382] In regard to the structure in which the first sub-

10

15

20

25

30

35

40

45

50

55

40

strate 100 is provided with the connection interconnect
connecting and integrating together the pieces of floating
diffusion FD of the respective plurality of pixels 541 into
one piece of floating diffusion FD and the connection in-
terconnect connecting and integrating together the VSS
contact regions 118 included in the respective plurality
of pixels 541 into one VSS contact region 118, when this
structure and the second substrate 260 are laminated
using the first manufacturing method and the pixel circuit
210is formed in the second substrate 260, heat treatment
required during formation of active elements included in
the pixel circuit 210 may adversely affect the connection
interconnect formed in the first substrate 100.

[0383] Thus, to solve the problem of adverse effects
of heat treatment on the connection interconnect during
formation of the active elements, the imaging apparatus
1 of the presentembodiment is desirably configured such
that a conductive material with high heat resistance is
used for the connection interconnect connecting and in-
tegrating together the pieces of floating diffusion FD of
the respective plurality of pixels 541 into one piece of
floating diffusion FD and the connection interconnect
connecting and integrating together the VSS contact re-
gions 118 included in the respective plurality of pixels
541 into one VSS contact region 118. Specifically, as the
conductive material with high heat resistance, a material
that has a higher melting point than at least a part of an
interconnect material included in the interconnect layer
260T of the second substrate 260 can be used.

[0384] As described above, for example, the imaging
apparatus 1 of the present embodiment includes (1) the
structure in which the first substrate 100 and the second
substrate 260 are laminated face-to-back (specifically,
the semiconductor layer 100S and interconnect layer
100T of the first substrate 100 and the semiconductor
layer 260S and interconnect layer 260T of the second
substrate 260 are laminated in this order), (2) the struc-
ture in which through electrodes 120E and 125E that ex-
tend from the front side of the semiconductor layer 260S
of the second substrate 260 through the semiconductor
layer 260S and the interconnect layer 100T of the first
substrate 100 to the front surface of the semiconductor
layer 100S of the first substrate 100 are provided, and
(3) the structure in which the conductive material with
high heat resistance is used to form the connection in-
terconnect connecting and integrating together the piec-
es of floating diffusion FD included in the respective plu-
rality of pixels 541 into one piece of floating diffusion FD
and the connection interconnect connecting and integrat-
ing together the VSS contact regions 118 included in the
respective plurality of pixels 541 into one VSS contact
region 118. This enables provision of the first substrate
100 with the connection interconnect connecting and in-
tegrating together the pieces of floating diffusion FD in-
cluded in the respective plurality of pixels 541 into one
piece of floating diffusion FD and the connection inter-
connect connecting and integrating together the VSS
contact regions 118 included in the respective plurality
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of pixels 541 into one VSS contact region 118, with no
large electrode provided at the interface between the first
substrate 100 and the second substrate 260.

[Operation of Imaging Apparatus 1]

[0385] Now, operation of the imaging apparatus 1 will
be described with reference to FIG. 57 and FIG. 58. FIG.
57 and FIG. 58 correspond to FIG. 46 to which arrows
indicating paths of signals are added. FIG. 57 illustrates,
by arrows, input signals externally input to the imaging
apparatus 1 and paths of the power supply potential and
the reference potential. FIG. 58 illustrates, by arrows,
signal paths of pixel signals output from the imaging ap-
paratus 1 to the outside. For example, an input signal
(for example, a pixel clock and a synchronization signal)
input to the imaging apparatus 1 via the input section
510A is transmitted to the row driving section 520 of the
third substrate 300, which creates row driving signals.
The row driving signals are transmitted to the second
substrate 260 via the contact portions 305 and 261. Fur-
ther, the row driving signals reach the respective pixel
sharing units 539 of the pixel array section 540 via the
row driving signal lines 542 in the interconnect layer
260T. For the row driving signals having reached the re-
spective pixel sharing units 539 of the second substrate
260, the driving signals other than those for the transfer
gates TG are input to the pixel circuit 210 to drive the
transistors included in the pixel circuit 210. The driving
signals for the transfer gates TG are input via the through
electrodes TGV to the transfer gates TG1, TG2, TG3,
and TG4 of the first substrate 100 to drive the pixels 54 1A,
541B, 541C, and 541D (FIG. 57). Additionally, the power
supply potential and the reference potential supplied to
the input section 510A (input terminal 511) of the third
substrate 300 are transmitted to the second substrate
260 via the contact portions 305 and 261 and supplied
to the pixel circuit 210 of each pixel sharing unit 539 via
the interconnects in the interconnect layer 260T. The ref-
erence potential is further supplied to the pixels 541A,
541B, 541C, and 541D of the first substrate 100 via the
through electrodes 125E. On the otherhand, pixel signals
subjected to photoelectric conversion by the pixels 541A,
541B,541C, and 541D of the first substrate 100 are trans-
mitted to the pixel circuits 210 of the second substrate
260 for each pixel sharing unit 539 via the through elec-
trodes 120E. Pixel signals based on the pixel signals are
transmitted from the pixel circuits 210 to the third sub-
strate 300 via the vertical signal lines 543 and the contact
portions 262 and 302. The pixel signals are processed
by the column signal processing section 550 and image
signal processing section 560 of the third substrate 300
and then output to the outside via the output section
510B.

[Effects]

[0386] In the present embodiment, the pixels 541A,
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541B, 541C, and 541D (pixel sharing unit 539) and the
pixel circuits 210 are provided in different substrates (first
substrate 100 and second substrate 260). This configu-
ration enables an increase in the areas of the pixels 541A,
541B, 541C, and 541D and the pixel circuits 210 com-
pared to the configuration in which the pixels 541A, 541B,
541C, and 541D and the pixel circuits 210 are formed in
the same substrate. As a result, the amount of pixel sig-
nals resulting from photoelectric conversion can be in-
creased, and possible transistor noise from the pixel cir-
cuit 210 can be reduced. Thus, the signal/noise ratio of
pixel signals can be improved, and theimaging apparatus
1 can output better pixel data (image information). Addi-
tionally, miniaturization of the imaging apparatus 1 (in
other words, a reduction in pixel size and in the size of
the imaging apparatus 1) can be realized. The reduced
pixel size allows the imaging apparatus 1 to increase the
number of pixels per unit area and to output high-quality
images.

[0387] Additionally,inthe imaging apparatus 1, the first
substrate 100 and the second substrate 260 are electri-
cally connected to each other by the through electrodes
120E and 125E provided in the insulating region 212. For
example, the following method is also possible: the first
substrate 100 and the second substrate 260 are connect-
ed by joining pad electrodes to each other, or by using
through electrodes (for example, TSVs (Through Si Vi-
as)) penetrating the semiconductor layer for connection.
Compared to such a method, providing the through elec-
trodes 120E and 125E in the insulating region 212 ena-
bles a reduction in the area required to connect the first
substrate 100 and the second substrate 260. This ena-
bles a reduction in the pixel size and in the size of the
imaging apparatus 1. Additionally, the area per pixel is
furtherreduced to enable an increase in resolution. When
chip size reduction is unnecessary, the formation regions
for the pixels 541A, 541B, 541C, and 541D and the pixel
circuits 210 can be enlarged. As a result, the amount of
pixel signals resulting from photoelectric conversion can
be increased, and possible transistor noise from the tran-
sistors included in the pixel circuit 210 can be reduced.
Thus, the signal/noise ratio of pixel signals can be im-
proved, and the imaging apparatus 1 can output better
pixel data (image information).

[0388] Additionally,intheimaging apparatus 1, the pix-
el circuit 210 and both the column signal processing sec-
tion 550 and the image signal processing section 560 are
provided in different substrates (second substrate 260
and third substrate 300). This configuration enables an
increase in the areas of the pixel circuit 210 and the areas
of the column signal processing section 550 and the im-
age signal processing section 560 compared to the con-
figuration in which the pixel circuit 210 and both the col-
umn signal processing section 550 and the image signal
processing section 560 are formed in the same substrate.
This enables a reduction in possible noise from the col-
umn signal processing section 550 and allows a more
advanced image processing circuit to be mounted in the
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image signal processing section 560. Thus, the sig-
nal/noise ratio of pixel signals can be improved, and the
imaging apparatus 1 can output better pixel data (image
information).

[0389] Additionally, inthe imaging apparatus 1, the pix-
el array section 540 is provided in the first substrate 100
and the second substrate 260, and the column signal
processing section 550 and the image signal processing
section 560 are provided in the third substrate 300. In
addition, the contact portions 261, 262, 305, and 302
connecting the second substrate 260 and the third sub-
strate 300 are formed above the pixel array section 540.
Thus, the contact portions 261, 262, 305, and 302 can
be freely laid out without being interfered with by various
interconnects included in the pixel array. Accordingly, the
contact portions 261, 262, 305, and 302 can be used to
electrically connect the second substrate 260 and the
third substrate300. The use of the contact portions 261,
262, 305, and 302, for example, allows the column signal
processing section 550 and the image signal processing
section 560 to be more freely laid out. This enables a
reduction in possible noise from the column signal
processing section 550 and allows a more advanced im-
age processing circuit to be mounted in the image signal
processing section 560. Consequently, the signal/noise
ratio of pixel signals can be improved, and the imaging
apparatus 1 can output better pixel data (image informa-
tion).

[0390] Additionally, intheimaging apparatus 1, the pix-
el isolation section 117 penetrates the semiconductor
layer 100S. Thus, even in a case where a reduced area
per pixel reduces the distance between the adjacent pix-
els (pixels 541A, 541B, 541C, and 541D), possible color
mixing between the pixels 541A, 541B, 541C, and 541D
can be reduced. Accordingly, the signal/noise ratio of pix-
el signals can be improved, and the imaging apparatus
1 can output better pixel data (image information).
[0391] Additionally, intheimaging apparatus 1, the pix-
el circuit 210 is provided in each of the pixel sharing units
539. This configuration enables enlargement of the for-
mation region for the transistors constituting the pixel cir-
cuit 210 (amplifying transistor AMP, reset transistor RST,
select transistor SEL, and FD conversion gain switching
transistor FDG) compared to the configuration in which
the pixel circuit 210 is provided in each of the pixels 54 1A,
541B, 541C, and 541D. For example, the enlarged for-
mation region for the amplifying transistor AMP enables
possible noise to be reduced. Thus, the signal/noise ratio
of pixel signals can be improved, and the imaging appa-
ratus 1 can output better pixel data (image information).
[0392] Further, in the imaging apparatus 1, the first
substrate 100 is provided with the pad portions 120 elec-
trically connecting the pieces of floating diffusion FD
(pieces of floating diffusion FD FD1, FD2, FD3, and FD4)
of the four pixels 541A, 541B, 541C, and 541D. This con-
figuration enables a reduction in the number of through
electrodes connecting the first substrate 100 and the sec-
ond substrate 260 (through electrodes 120E) compared
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to the configuration in which the pad portions 120 as de-
scribed above are provided in the second substrate 260.
Accordingly, the insulating region 212 can be miniatur-
ized to provide a formation region (semiconductor layer
2608) with a sufficient size for the transistors constituting
the pixel circuit 210. This enables a reduction in possible
noise from the transistors included in the pixel circuit 210
and allows the signal/noise ratio of pixel signals to be
improved, while allowing the imaging apparatus 1 to out-
put better pixel data (image information).

[0393] Modified examples of the imaging apparatus 1
according to the above-described embodiments will be
described below. In the modified examples described be-
low, components common to the above-described em-
bodiments are denoted by the same reference signs for
description.

<Modified Example 1>

[0394] FIGS. 59 to 63 illustrate a modified example of
a planar configuration of the imaging apparatus 1 accord-
ing to the embodiments described above. FIG. 59 sche-
matically illustrates a planar configuration of the vicinity
of the front surface of the semiconductor layer 260S of
the second substrate 260 and corresponds to FIG. 52
described above in the embodiments. FIG. 60 schemat-
ically illustrates a configuration of the first interconnect
layer W1, the semiconductor layer 260S connected to
the first interconnect layer W1, and the sections of the
first substrate 100 and corresponds to FIG. 53 described
above in the embodiments. FIG. 61 illustrates an exam-
ple of a planar configuration of the firstinterconnect layer
W1 and the second interconnect layer W2 and corre-
sponds to FIG. 54 described above in the embodiments.
FIG. 62 illustrates an example of a planar configuration
of the second interconnect layer W2 and the third inter-
connect layer W3 and corresponds to FIG. 55 described
above in the embodiments. FIG. 63 illustrates an exam-
ple of a planar configuration of the third interconnect layer
W3 and the fourth interconnect layer W4 and corre-
sponds to FIG. 56 described above in the embodiments.
[0395] The present modified example illustrates a con-
figuration in which one (for example, the right pixel shar-
ing unit 539 in the page of the figure) of the two pixel
sharing units 539 of the second substrate 260 arranged
in juxtaposition in the H direction has an internal layout
inverted, only in the H direction, with respect to the inter-
nal layout of the other pixel sharing unit 539 (for example,
the left pixel sharing unit 539 in the page of the figure)
as depicted in FIG. 60. Additionally, the misalignment
between the contour line of the one pixel sharing unit 539
and the contour line of the other pixel sharing unit 539 in
the V direction is more significant than the misalignment
described above in the embodiments (FIG. 53). The more
significant misalignment in the V direction enables a re-
duction in the distance between the amplifying transistor
AMP of the other pixel sharing unit 539 and the pad por-
tion 120 connected to the amplifying transistor AMP (pad
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portion 120 for the other of the two pixel sharing units
539 illustrated in FIG. 7 and arranged in juxtaposition in
the V direction (the lower pixel sharing unit 539 in the
page of the figure)). With such alayout, Modified Example
1 of the imaging apparatus 1 illustrated in FIGS. 59 to 63
allows, without inversion, in the V direction, of the planar
layouts of the two pixel sharing units 539 arranged in
juxtaposition in the H direction with respect to each other,
the pixel sharing unit 539 to be made equal in area to the
pixel sharing unit 539 of the second substrate 260 de-
scribed above in the embodiments. Note that the planar
layout of the pixel sharing unit 539 of the first substrate
100 is the same as the planar layout described above in
the embodiments (FIG. 50 and FIG. 51). Consequently,
the imaging apparatus 1 of the present modified example
can produce effects similar to the effects of the imaging
apparatus 1 described above in the embodiments. The
arrangement of the pixel sharing units 539 of the second
substrate 260 is not limited to the arrangement described
above in the embodiments or in the present modified ex-
ample.

<Modified Example 2>

[0396] FIGS. 64 to 69 illustrate a modified example of
a planar configuration of the imaging apparatus 1 accord-
ing to the above-described embodiments. FIG. 64 sche-
matically illustrates a planar configuration of the first sub-
strate 100 and corresponds to FIG. 50 described above
in the embodiments. FIG. 65 schematically illustrates a
planar configuration of the vicinity of the front surface of
the semiconductor layer 260S of the second substrate
260 and corresponds to FIG. 52 described above in the
embodiments. FIG. 66 schematically illustrates a config-
uration of the first interconnect layer W1, the semicon-
ductor layer 260S connected to the first interconnect lay-
er W1, and the sections of the first substrate 100, and
corresponds to FIG. 53 described above in the embodi-
ments. FIG. 67 illustrates an example of a planar config-
uration of the first interconnect layer W1 and the second
interconnect layer W2 and corresponds to FIG. 54 de-
scribed above in the embodiments. FIG. 68 illustrates an
example of a planar configuration of the second intercon-
nect layer W2 and the third interconnect layer W3 and
corresponds to FIG. 55 described above in the embodi-
ments. FIG. 69 illustrates an example of a planar config-
uration of the third interconnect layer W3 and the fourth
interconnect layer W4 and corresponds to FIG. 56 de-
scribed above in the embodiments.

[0397] In the present modified example, the external
shape of each pixel circuit 210 has a generally square
planar shape (FIG. 65 and the like). In this regard, the
planar configuration of the imaging apparatus 1 in the
present modified example differs from the planar config-
uration of the imaging apparatus 1 described above in
the embodiments.

[0398] Forexample, each of the pixel sharing units 539
of the first substrate 100 is formed over a pixel region in
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two rows and two columns and has a generally square
planar shape, as described above in the embodiments
(FIG. 64). For example, in each of the pixel sharing units
539, the horizontal portions TGb of the transfer gates
TG1 and TG3 of the pixel 541A and the pixel 541C in
one of the pixel columns extend from a position where
the horizontal portion TGb overlaps the vertical portion
TGa toward the central portion of the pixel sharing unit
539 in the H direction (more specifically, in a direction
toward outer edges of the pixels 541A and 541C and a
direction toward the central portion of the pixel sharing
unit 539), and the horizontal portions TGb of the transfer
gates TG2 and TG4 of the pixel 541B and the pixel 541D
in the other pixel column extend from a position where
the horizontal portion TGb overlaps the vertical portion
TGa toward the outside of the pixel sharing unit 539 in
the H direction (more specifically, in a direction toward
outer edges of the pixels 541B and 541D and a direction
toward the outside of the pixel sharing unit 539). The pad
portion 120 connected to the floating diffusion FD is pro-
vided in the central portion of the pixel sharing unit 539
(the central portion of the pixel sharing unit 539 in the H
direction and the V direction). The pad portions 125 con-
nected to the VSS contact regions 118 are provided at
ends of the pixel sharing unit 539 atleastin the H direction
(in FIG. 64, in the H direction and the V direction).
[0399] Inanotherarrangementexample, the horizontal
portions TGb of the transfer gates TG1, TG2, TG3, and
TG4 may be provided only in regions facing the vertical
portion TGa. At this time, as described above in the em-
bodiments, the semiconductor layer 260S is likely to be
divided into small pieces. Accordingly, forming large tran-
sistors in the pixel circuit 210 becomes difficult. On the
other hand, when the horizontal portions TGb of the trans-
fer gates TG1, TG2, TG3, and TG4 are extended in the
H direction from the position where the horizontal portion
TGb overlaps the vertical portion TGa, the width of the
semiconductor layer 260S can be increased, as de-
scribed above in the embodiments. Specifically, the
through electrodes TGV1 and TGV3 connected to the
transfer gates TG1 and TG3 can be disposed such that
H direction positions of the through electrodes TGV1 and
TGV3 are in close proximity to the H direction position of
the through electrode 120E, and the through electrodes
TGV2 and TGV4 connected to the transfer gates TG2
and TG4 can be disposed such that H direction positions
of the through electrodes TGV2 and TGV4 are in close
proximity to the H direction position of the through elec-
trode 125E (FIG. 66). This enables an increase in the
width (dimension in the H direction) of the semiconductor
layer 260S extending in the V direction as described
above in the embodiments. Thus, the size of each of the
transistors in the pixel circuit 210, particularly, the size
of the amplifying transistor AMP, can be increased. As a
result, the signal/noise ratio of pixel signals can be im-
proved, and the imaging apparatus 1 can output better
pixel data (image information).

[0400] Eachofthe pixel sharing units 539 of the second
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substrate 260 is, for example, approximately as large as
each of the pixel sharing units 539 of the first substrate
100 in the H direction and the V direction and is, for ex-
ample, provided over a region corresponding to the pixel
region in substantially two rows and two columns. For
example, in each of the pixel circuits 210, the select tran-
sistor SEL and the amplifying transistor AMP are ar-
ranged in juxtaposition in the V direction in one semicon-
ductor layer 260S extending in the V direction, and the
FD conversion gain switching transistor FDG and the re-
set transistor RST are arranged in juxtaposition in the V
direction in one semiconductor layer 260S extending in
the V direction. The one semiconductor layer 260S in
which the select transistor SEL and the amplifying tran-
sistor AMP are provided is disposed next, via the insu-
lating region 212 and in the H direction, to the one sem-
iconductor layer 260S in which the FD conversion gain
switching transistor FDG and the reset transistor RST
are provided. The insulating region 212 extends in the V
direction (FIG. 65).

[0401] Now, the external shape of each of the pixel
sharing units 539 of the second substrate 260 will be
described with reference to FIG. 65 and FIG. 66. For
example, the pixel sharing unit 539 of the first substrate
100 depicted in FIG. 64 is connected to the amplifying
transistor AMP and the select transistor SEL provided on
one side of the pad portion 120 in the H direction (on the
left of the page of FIG. 66) and to the FD conversion gain
switching transistor FDG and the reset transistor RST
provided on the other side of the pad portion 120 in the
H direction (on the right side of the page of FIG. 66). Four
outer edges described below determine the external
shape of the sharing unit 541 of the second substrate
260 including the amplifying transistor AMP, the select
transistor SEL, the FD conversion gain switching tran-
sistor FDG, and the reset transistor RST.

[0402] A first outer edge is an outer edge at one V-
direction end (upper end in the page of FIG. 66) of the
semiconductor layer 260S including the select transistor
SEL and the amplifying transistor AMP. The first outer
edge is provided between the amplifying transistor AMP
included in the pixel sharing unit 539 and the select tran-
sistor SEL included in the pixel sharing unit 539 adjacent
to the above-described pixel sharing unit 539 on one side
in the V direction (on the upper side in the page of FIG.
66). More specifically, the first outer edge is provided in
the central portion, in the V direction, of the element iso-
lation region 213 between the amplifying transistor AMP
and the select transistor SEL. A second outer edge is an
outer edge at the other V-direction end (lower end in the
page of FIG. 66) of the semiconductor layer 260S includ-
ing the select transistor SEL and the amplifying transistor
AMP. The second outer edge is provided between the
select transistor SEL included in the pixel sharing unit
539 and the amplifying transistor AMP included in the
pixel sharing unit 539 adjacent to the above-described
pixel sharing unit 539 on the other side in the V direction
(on the lower side in the page of FIG. 66). More specifi-
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cally, the second outer edge is provided in the central
portion, in the V direction, of the element isolation region
213 between the select transistor SEL and the amplifying
transistor AMP. A third outer edge is an outer edge at
the other V-direction end (lower end in the page of FIG.
66) of the semiconductor layer 260S including the reset
transistor RST and the FD conversion gain switching
transistor FDG. The third outer edge is provided between
the FD conversion gain switching transistor FDG includ-
ed in the pixel sharing unit 539 and the reset transistor
RST included in the pixel sharing unit 539 adjacent to
the above-described pixel sharing unit 539 on the other
side in the V direction (on the lower side in the page of
FIG. 66). More specifically, the third outer edge is pro-
vided in the central portion, in the V direction, of the el-
ement isolation region 213 between the FD conversion
gain switching transistor FDG and the reset transistor
RST. A fourth outer edge is an outer edge at the one V-
direction end (upper end in the page of FIG. 66) of the
semiconductor layer 260S including the reset transistor
RST and the FD conversion gain switching transistor
FDG. The fourth outer edge is provided between the reset
transistor RST included in the pixel sharing unit 539 and
the FD conversion gain switching transistor FDG (not de-
picted) included in the pixel sharing unit 539 adjacent to
the above-described pixel sharing unit 539 on the one
side in the V direction (on the upper side in the page of
FIG. 66). More specifically, the fourth outer edge is pro-
vided in the central portion, in the V direction, of the el-
ement isolation region 213 (not depicted) between the
reset transistor RST and the FD conversion gain switch-
ing transistor FDG.

[0403] In the external shape of the pixel sharing unit
539 of the second substrate 260 including such first, sec-
ond, third, and fourth outer edges, the third and fourth
outer edges are disposed in misalignment with the first
and second edges toward one side in the V direction (in
other words, disposed offset to the one side in the V di-
rection). The use of such a layout enables both the gate
of the amplifying transistor AMP and the source of the
FD conversion gain switching transistor FDG to be dis-
posed as close as possible to the pad portion 120. Ac-
cordingly, the external shape serves to reduce the area
of the interconnects connecting the above-described
components, facilitating miniaturization of the imaging
apparatus 1. Note that the VSS contact region 218 is
provided between the semiconductor layer 260S includ-
ing the select transistor SEL and the amplifying transistor
AMP and the semiconductor layer 260S including the
reset transistor RST and the FD conversion gain switch-
ing transistor FDG. For example, the plurality of pixel
circuits 210 have the same arrangement.

[0404] The imaging apparatus 1 with the second sub-
strate 260 as described above also produces effects sim-
ilar to the effects described above in the embodiments.
The arrangement of the pixel sharing units 539 of the
second substrate 260 is not limited to the arrangement
described in the embodiments and the present modified
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example.
<Modified Example 3>

[0405] FIGS. 70 to 75 illustrate a modified example of
a planar configuration of the imaging apparatus 1 accord-
ing to the above-described embodiments. FIG. 70 sche-
matically illustrates a planar configuration of the first sub-
strate 100 and corresponds to FIG. 51 described above
in the embodiments. FIG. 71 schematically illustrates a
planar configuration of the vicinity of the front surface of
the semiconductor layer 260S of the second substrate
260 and corresponds to FIG. 52 described above in the
embodiments. FIG. 72 schematically illustrates a config-
uration of the first interconnect layer W1, the semicon-
ductor layer 260S connected to the first interconnect lay-
er W1, and the sections of the first substrate 100 and
corresponds to FIG. 53 described above in the embodi-
ments. FIG. 73 illustrates an example of a planar config-
uration of the first interconnect layer W1 and the second
interconnect layer W2 and corresponds to FIG. 54 de-
scribed above in the embodiments. FIG. 74 illustrates an
example of a planar configuration of the second intercon-
nect layer W2 and the third interconnect layer W3 and
corresponds to FIG. 55 described above in the embodi-
ments. FIG. 75 illustrates an example of a planar config-
uration of the third interconnect layer W3 and the fourth
interconnect layer W4 and corresponds to FIG. 56 de-
scribed above in the embodiments.

[0406] In the present modified example, the semicon-
ductor layer 260S of the second substrate 260 extends
inthe H direction (FIG. 72). Specifically, the present mod-
ified example substantially corresponds to a configura-
tion obtained by rotating, through 90 degrees, the planar
configuration of the imaging apparatus 1 depicted in FIG.
65 and the like described above.

[0407] Forexample, each of the pixel sharing units 539
of the first substrate 100 is formed over a pixel region in
two rows and two columns and has a generally square
planar shape (FIG. 70), as described above in the em-
bodiments. Forexample, in each of the pixel sharing units
539, the transfer gates TG1 and TG2 of the pixel 541A
and the pixel 541B in one of the pixel rows extend toward
the central portion of the pixel sharing unit 539 in the V
direction, and the transfer gates TG3 and TG4 of the pixel
541C and the pixel 541D in the other pixel row extend
toward the outside of the pixel sharing unit 539 in the V
direction. The pad portion 120 connected to the floating
diffusion FD is provided in the central portion of the pixel
sharing unit 539, and the pad portions 125 connected to
the VSS contact regions 118 are provided at ends of the
pixel sharing unit 539 at least in the V direction (in FIG.
70, in the V direction and the H direction). In this case,
the V direction positions of the through electrodes TGV1
and TGV2 of the transfer gates TG1 and TG2 are closer
to the V direction position of the through electrode 120E,
and the V direction positions of the through electrodes
TGV3 and TGV4 of the transfer gates TG3 and TG4 are
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closer to the V direction position of the through electrode
125E (FIG. 72). Accordingly, for a reason similar to the
reason explained above in the embodiments, the width
(dimension in the V direction) of the semiconductor layer
260S extendinginthe H direction can beincreased. Thus,
the size of the amplifying transistor AMP can be in-
creased, enabling possible noise to be reduced.

[0408] In each of the pixel circuits 210, the select tran-
sistor SEL and the amplifying transistor AMP are ar-
ranged in juxtaposition in the H direction, and the reset
transistor RST is disposed at a position where the reset
transistor RST is adjacent to the select transistor SEL in
the V direction across the insulating region 212 (FIG. 71).
The FD conversion gain switching transistor FDG is dis-
posed next, in the H direction, to the reset transistor RST.
The VSS contact region 118 is provided in an island
shape in the insulating region 212. For example, the third
interconnect layer W3 extends in the H direction (FIG.
74), and the fourth interconnect layer W4 extends in the
V direction (FIG. 75).

[0409] The imaging apparatus 1 with the second sub-
strate 260 as described above also produces effects sim-
ilar to the effects described above in the embodiments.
The arrangement of the pixel sharing units 539 of the
second substrate 260 is not limited to the arrangement
described in the embodiments and the present modified
example. For example, the semiconductor layer 260S
described above in the embodiments and Modified Ex-
ample 1 may extend in the H direction.

<Modified Example 4>

[0410] FIG. 76 schematically illustrates a modified ex-
ample of a cross-sectional configuration of the imaging
apparatus 1 according to the above-described embodi-
ments. FIG. 76 corresponds to FIG. 46 described above
in the embodiments. In the present modified example,
the imaging apparatus 1 includes contact portions 263,
204, 303, and 304 at a position corresponding to the cen-
tral portion of the pixel array section 540, in addition to
the contact portions 261, 262, 305, and 302. In this re-
gard, the imaging apparatus 1 in the present modified
example differs from the imaging apparatus 1 described
above in the embodiments.

[0411] The contact portions 263 and 204 are provided
in the second substrate 260 and exposed at the junction
surface between the second substrate 260 and the third
substrate 300. The contact portions 303 and 304 are pro-
vided in the third substrate 300 and exposed at the junc-
tion surface between the third substrate 300 and the sec-
ond substrate 260. The contact portion 263 is in contact
with the contact portion 303, and the contact portion 204
is in contact with the contact portion 304. Specifically, in
the imaging apparatus 1, the second substrate 260 and
the third substrate 300 are connected by the contact por-
tions 263, 204, 303, and 304 as well as by the contact
portions 261, 262, 305, and 302.

[0412] Now, operation of the imaging apparatus 1 will
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be described using FIG. 77 and FIG. 78. FIG. 77 illus-
trates, by arrows, input signals externally input to the im-
aging apparatus 1 and paths of the power supply potential
and the reference potential. FIG. 78 illustrates, by arrows,
signal paths of pixel signals output from the imaging ap-
paratus 1 to the outside. For example, an input signal
input to the imaging apparatus 1 via the input section
510A is transmitted to the row driving section 520 of the
third substrate 300, which creates row driving signals.
The row driving signals are transmitted to the second
substrate 260 via the contact portions 303 and 263. Fur-
ther, the row driving signals reach the respective pixel
sharing units 539 of the pixel array section 540 via the
row driving signal lines 542 in the interconnect layer
260T. For the row driving signals having reached the re-
spective pixel sharing units 539 of the second substrate
260, the driving signals other than those for the transfer
gates TG are input to the pixel circuit 210 to drive the
transistors included in the pixel circuit 210. The driving
signals for the transfer gates TG are input to the transfer
gates TG1, TG2, TG3, and TG4 of the first substrate 100
via the through electrodes TGV, to drive the pixels 541A,
541B, 541C, and 541D. Additionally, the power supply
potential and the reference potential supplied to the input
section 510A (input terminal 511) of the third substrate
300 from outside of the imaging apparatus 1 are trans-
mitted to the second substrate 260 via the contact por-
tions 303 and 263 and supplied to the pixel circuits 210
of the respective pixel sharing unit 539 via the intercon-
nects in the interconnect layer 260T. The reference po-
tential is further supplied to the pixels 541A, 541B, 541C,
and 541D of the first substrate 100 via the through elec-
trodes 125E. On the other hand, pixel signals subjected
to photoelectric conversion by the pixels 541A, 541B,
541C, and 541D of the first substrate 100 are transmitted
to the pixel circuits 210 of the second substrate 260 for
each pixel sharing unit 539. Pixel signals based on the
pixel signals are transmitted from the pixel circuits 210
to the third substrate 300 via the vertical signal lines 543
and the contact portions 204 and 304. The pixel signals
are processed by the column signal processing section
550 and image signal processing section 560 of the third
substrate 300 and then output to the outside via the out-
put section 510B.

[0413] The imaging apparatus 1 with the contact por-
tions 263, 204, 303, and 304 as described above also
produces effects similar to the effects described above
in the embodiments. The positions, the number, and the
like of contact portions can be changed depending on
the design of, for example, the circuit of the third substrate
300, to which the interconnects are connected via the
contact portions 303 and 304.

<Modified Example 5>
[0414] FIG. 79 illustrates a modified example of a

cross-sectional configuration of the imaging apparatus 1
according to the above-described embodiments. FIG. 79
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corresponds to FIG. 49 described above in the embodi-
ments. In the present modified example, a transfer tran-
sistor TR with a planar structure is provided in the first
substrate 100. In this regard, the imaging apparatus 1 in
the present modified example differs from the imaging
apparatus 1 described above in the embodiments.
[0415] In the transfer transistor TR, the transfer gate
TG includes only the horizontal portion TGb. In other
words, the transfer gate TG includes no vertical portion
TGa and is provided facing the semiconductor layer
100S.

[0416] The imaging apparatus 1 with the transfer tran-
sistor TR with the planar structure as described above
also produces effects similar to the effects described in
the above-described embodiment. Further, compared to
the vertical transfer gate TG provided in the first substrate
100, the planar transfer gate TG provided in the first sub-
strate 100 may allow the photodiode PD to be formed to
extend closer to the front surface of the semiconductor
layer 1008, thus increasing the amount of saturated sig-
nals (Qs). Additionally, compared to the method in which
the vertical transfer gate TG is formed in the first substrate
100, the method in which the planar transfer gate TG is
formed in the first substrate 100 may involve fewer man-
ufacturing steps and may be less likely to cause adverse
effects to the photodiode PD owing to the manufacturing
steps.

<Modified Example 6>

[0417] FIG. 80 is a modified example of a pixel circuit
in the imaging apparatus 1 according to the above-de-
scribed embodiments. FIG. 80 corresponds to FIG. 47
described above in the embodiments. In the present
modified example, the pixel circuit 210 is provided in each
pixel (pixel 541A). Specifically, the pixel circuit 210 is not
shared by a plurality of pixels. In this regard, the imaging
apparatus 1 in the present modified example differs from
the imaging apparatus 1 described above in the embod-
iments.

[0418] The imaging apparatus 1 in the present modi-
fied example is the same as the imaging apparatus 1
described in the above-described embodiments in that
the pixel 541A and the pixel circuit 210 are provided in
different substrates (first substrate 100 and second sub-
strate 260). Thus, the imaging apparatus 1 in the present
modified example can also produce effects similar to the
effects of the above-described embodiments.

<Modified Example 7>

[0419] FIG. 81 illustrates a modified example of a pla-
nar configuration of the pixel isolation section 117 de-
scribed above in the embodiments. Gaps may be formed
in the pixel isolation section 117 enclosing each of the
pixels 541A, 541B, 541C, and 541D. Specifically, not the
entire perimeter of the pixels 541A, 541B, 541C, and
541D needs to be enclosed by the pixel isolation section
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117. For example, the gap in the pixel isolation section
117 may be formed in the vicinity of the pad portions 120
and 125 (see FIG. 51).

[0420] In the above-described embodiments, the ex-
ample in which the pixel isolation section 117 has an FTI
structure in which the pixel isolation section 117 pene-
trates the semiconductor layer 100S (see FIG. 49) has
been described. However, the pixel isolation section 117
may have a configuration other than the FTI structure.
For example, the pixel isolation section 117 need not be
provided to completely penetrate the semiconductor lay-
er 100S and may have what is generally called a DTI
(Deep Trench Isolation) structure.

<Applied Example>

[0421] FIG. 82illustrates an example of a general con-
figuration of an imaging system 7 including the imaging
apparatus 1 according to the above-described embodi-
ments and the modified examples of the embodiments.
[0422] The imaging system 7 is, for example, an im-
aging apparatus such as a digital still camera or a video
camera, or electronic equipment such as a portable ter-
minal apparatus, for example, a smartphone or a tablet
terminal. The imaging system 7 includes, for example,
the imaging apparatus 1 according to the above-de-
scribed embodiments and the modified examples of the
embodiments, a DSP circuit 243, a frame memory 244,
adisplay section 245, a storage section 246, an operation
section 247, and a power supply section 248. In the im-
aging system 7, the imaging apparatus 1 according to
the above-described embodiments and the modified ex-
amples of the embodiments, the DSP circuit 243, the
frame memory 244, the display section 245, the storage
section 246, the operation section 247, and the power
supply section 248 are connected together via a bus line
249.

[0423] The imaging apparatus 1 according to the
above-described embodiments and the modified exam-
ples of the embodiments outputs image data correspond-
ing to incident light. The DSP circuit 243 is a signal
processing circuit processing a signal (image data) out-
put from the imaging apparatus 1 according to the above-
described embodiments and the modified examples of
the embodiments. The frame memory 244 temporarily
holds, in units of frames, the image data processed by
the DSP circuit 243. The display section 245 includes,
for example, a panel display device such as a liquid crys-
tal panel or an organic EL (Electro Luminescence), and
displays moving images or still images captured by the
imaging apparatus 1 according to the above-described
embodiments and the modified examples of the embod-
iments. The storage section 246 records, in a recording
medium such as a semiconductor memory or a hard disk,
image data of the moving images or stillimages captured
by the imaging apparatus 1 according to the above-de-
scribed embodiments and the modified examples of the
embodiments. The operation section 247 issues opera-
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tion commands for various functions of the imaging sys-
tem 7 according to the operation by a user. The power
supply section 248 provides various power supplies used
as operating power supplies for the imaging apparatus
1 according to the above-described embodiments and
the modified examples of the embodiments, the DSP cir-
cuit 243, the frame memory 244, the display section 245,
the storage section 246, and the operation section 247,
to these supply targets as appropriate.

[0424] Now, animaging procedure in the imaging sys-
tem 7 will be described.

[0425] FIG. 83 illustrates an example of a flowchart of
an imaging operation in the imaging system 7. The user
operates the operation section 247 to give an instruction
on start of imaging (step S101). Then, the operation sec-
tion 247 transmits an imaging command to the imaging
apparatus 1 (step S102). The imaging apparatus 1 (spe-
cifically, a system control circuit 36) receives the imaging
command and then performs imaging in accordance with
a predetermined imaging scheme (step S103).

[0426] The imaging apparatus 1 outputs, to the DSP
circuit 243, image data resulting from the imaging. Here,
the image data is data for all pixels in pixel signals gen-
erated on the basis of charge temporarily held in the float-
ing diffusion FD. The DSP circuit 243 executes predeter-
mined signal processing (for example, noise reduction
processing and the like) on the basis of image data input
from the imaging apparatus 1 (step S104). The DSP cir-
cuit 243 causes the frame memory 244 to hold the image
data subjected to the predetermined signal processing,
and the frame memory 244 causes the storage section
246 to store the image data (step S105). In the above-
described manner, the imaging system 7 performs im-
aging.

[0427] Inthe presentapplied example, the imaging ap-
paratus 1 according to the above-described embodi-
ments and the modified examples of the embodiments
is applied to the imaging system 7. This enables a reduc-
tion in the size of the imaging apparatus 1 or an increase
in definition for the imaging apparatus 1, thus allowing
provision of a small or high-definition imaging system 7.

<Example of Application to Endoscopic Surgery Sys-
tem>

[0428] Further, the technology according to the
present disclosure (present technology) may be applied
to an endoscopic surgery system.

[0429] FIG. 84 is a view depicting an example of a
schematic configuration of an endoscopic surgery sys-
tem to which the technology according to an embodiment
of the present disclosure (present technology) can be
applied.

[0430] In FIG. 84, a state is illustrated in which a sur-
geon (medical doctor) 11131 is using an endoscopic sur-
gery system 11000 to perform surgery for a patient 11132
on a patientbed 11133. As depicted, the endoscopic sur-
gery system 11000 includes an endoscope 11100, other
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surgical tools 11110 such as a pneumoperitoneum tube
11111 and an energy device 11112, a supporting arm
apparatus 11120 which supports the endoscope 11100
thereon, and a cart 11200 on which various apparatus
for endoscopic surgery are mounted.

[0431] The endoscope 11100 includes a lens barrel
11101 having a region of a predetermined length from a
distal end thereof to be inserted into a body cavity of the
patient 11132, and a camera head 11102 connected to
a proximal end of the lens barrel 11101. In the example
depicted, the endoscope 11100 is depicted which in-
cludes as arigid endoscope having the lens barrel 11101
of the hard type. However, the endoscope 11100 may
otherwise be included as a flexible endoscope having
the lens barrel 11101 of the flexible type.

[0432] Thelensbarrel 11101 has, at a distal end there-
of, an opening in which an objective lens is fitted. A light
source apparatus 11203 is connected to the endoscope
11100 such that light generated by the light source ap-
paratus 11203 is introduced to a distal end of the lens
barrel 11101 by a light guide extending in the inside of
the lens barrel 11101 and is irradiated toward an obser-
vation targetin a body cavity of the patient 11132 through
the objective lens. It is to be noted that the endoscope
11100 may be a forward-viewing endoscope or may be
an oblique-viewing endoscope or a side-viewing endo-
scope.

[0433] Anoptical system and animage pickup element
are provided in the inside of the camera head 11102 such
that reflected light (observation light) from the observa-
tion target is condensed on the image pickup element by
the optical system. The observation light is photo-elec-
trically converted by the image pickup element to gener-
ate an electric signal corresponding to the observation
light, namely, an image signal corresponding to an ob-
servationimage. The image signalis transmitted as RAW
data to a CCU 11201.

[0434] The CCU 11201 includes a central processing
unit (CPU), a graphics processing unit (GPU) or the like
and integrally controls operation of the endoscope 11100
and a display apparatus 11202. Further, the CCU 11201
receives an image signal from the camera head 11102
and performs, for the image signal, various image proc-
esses for displaying an image based on the image signal
such as, for example, a development process (demosaic
process).

[0435] The display apparatus 11202 displays thereon
an image based on an image signal, for which the image
processes have been performed by the CCU 11201, un-
der the control of the CCU 11201.

[0436] The light source apparatus 11203 includes a
light source such as, for example, a light emitting diode
(LED) and supplies irradiation light upon imaging of a
surgical region to the endoscope 11100.

[0437] An inputting apparatus 11204 is an input inter-
face for the endoscopic surgery system 11000. A user
can perform inputting of various kinds of information or
instruction inputting to the endoscopic surgery system
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11000 through the inputting apparatus 11204. For exam-
ple, the user would input an instruction or a like to change
an image pickup condition (type of irradiation light, mag-
nification, focal distance or the like) by the endoscope
11100.

[0438] A treatment tool controlling apparatus 11205
controls driving of the energy device 11112 for cautery
or incision of a tissue, sealing of a blood vessel or the
like. A pneumoperitoneum apparatus 11206 feeds gas
into a body cavity of the patient 11132 through the pneu-
moperitoneum tube 11111 to inflate the body cavity in
order to secure the field of view of the endoscope 11100
and secure the working space for the surgeon. A recorder
11207 is an apparatus capable of recording various kinds
of information relating to surgery. A printer 11208 is an
apparatus capable of printing various kinds of information
relating to surgery in various forms such as a text, an
image or a graph.

[0439] Itis to be noted that the light source apparatus
11203 which supplies irradiation light when a surgical
region is to be imaged to the endoscope 11100 may in-
clude a white light source which includes, for example,
an LED, a laser light source or a combination of them.
Where a white light source includes a combination of red,
green, and blue (RGB) laser light sources, since the out-
put intensity and the output timing can be controlled with
a high degree of accuracy for each color (each wave-
length), adjustment of the white balance of a picked up
image can be performed by the light source apparatus
11203. Further, in this case, if laser beams from the re-
spective RGB laser light sources are irradiated time-di-
visionally on an observation target and driving of the im-
age pickup elements of the camera head 11102 are con-
trolled in synchronism with the irradiation timings. Then
images individually corresponding to the R, G and B
colors can be also picked up time-divisionally. According
to this method, a color image can be obtained even if
color filters are not provided for the image pickup ele-
ment.

[0440] Further, the light source apparatus 11203 may
be controlled such that the intensity of light to be output-
ted is changed for each predetermined time. By control-
ling driving of the image pickup element of the camera
head 11102 in synchronism with the timing of the change
of the intensity of light to acquire images time-divisionally
and synthesizing the images, an image of a high dynamic
range free from underexposed blocked up shadows and
overexposed highlights can be created.

[0441] Further, the light source apparatus 11203 may
be configured to supply light of a predetermined wave-
length band ready for special light observation. In special
lightobservation, for example, by utilizing the wavelength
dependency of absorption of light in a body tissue to ir-
radiate light of a narrow band in comparison with irradi-
ation light upon ordinary observation (namely, white
light), narrow band observation (narrow band imaging)
ofimaging a predetermined tissue such as a blood vessel
of a superficial portion of the mucous membrane or the
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like in a high contrast is performed. Alternatively, in spe-
cial light observation, fluorescent observation for obtain-
ing an image from fluorescent light generated by irradi-
ation of excitation light may be performed. In fluorescent
observation, it is possible to perform observation of flu-
orescent light from a body tissue by irradiating excitation
light on the body tissue (autofluorescence observation)
or to obtain a fluorescent light image by locally injecting
a reagent such as indocyanine green (ICG) into a body
tissue and irradiating excitation light corresponding to a
fluorescentlight wavelength of the reagentupon the body
tissue. The light source apparatus 11203 can be config-
ured to supply such narrowband light and/or excitation
light suitable for special light observation as described
above.

[0442] FIG. 85isablockdiagram depictingan example
of a functional configuration of the camera head 11102
and the CCU 11201 depicted in FIG. 84.

[0443] The camera head 11102 includes a lens unit
11401, an image pickup unit 11402, a driving unit 11403,
a communication unit 11404 and a camera head control-
ling unit 11405. The CCU 11201 includes a communica-
tion unit 11411, an image processing unit 11412 and a
control unit 11413. The camera head 11102 and the CCU
11201 are connected for communication to each other
by a transmission cable 11400.

[0444] The lens unit 11401 is an optical system, pro-
vided at a connecting location to the lens barrel 11101.
Observation light taken in from a distal end of the lens
barrel 11101 is guided to the camera head 11102 and
introduced into the lens unit 11401. The lens unit 11401
includes a combination of a plurality of lenses including
a zoom lens and a focusing lens.

[0445] The number of image pickup elements which is
included by the image pickup unit 11402 may be one
(single-plate type) or a plural number (multi-plate type).
Where the image pickup unit 11402 is configured as that
of the multi-plate type, for example, image signals cor-
responding to respective R, G and B are generated by
the image pickup elements, and the image signals may
be synthesized to obtain a colorimage. The image pickup
unit 11402 may also be configured so as to have a pair
of image pickup elements for acquiring respective image
signals for the right eye and the left eye ready for three
dimensional (3D) display. If 3D display is performed, then
the depth of a living body tissue in a surgical region can
be comprehended more accurately by the surgeon
11131. ltis to be noted that, where the image pickup unit
11402 is configured as that of stereoscopic type, a plu-
rality of systems of lens units 11401 are provided corre-
sponding to the individual image pickup elements.
[0446] Further, the image pickup unit 11402 may not
necessarily be provided on the camera head 11102. For
example, the image pickup unit 11402 may be provided
immediately behind the objective lens in the inside of the
lens barrel 11101.

[0447] Thedriving unit 11403 includes an actuator and
moves the zoom lens and the focusing lens of the lens
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unit 11401 by a predetermined distance along an optical
axis under the control of the camera head controlling unit
11405. Consequently, the magnification and the focal
point of a picked up image by the image pickup unit 11402
can be adjusted suitably.

[0448] The communication unit 11404 includes a com-
munication apparatus for transmitting and receiving var-
ious kinds of information to and from the CCU 11201.
The communication unit 11404 transmits an image signal
acquired from the image pickup unit 11402 as RAW data
tothe CCU 11201 through the transmission cable 11400.
[0449] In addition, the communication unit 11404 re-
ceives a control signal for controlling driving of the cam-
era head 11102 from the CCU 11201 and supplies the
control signal to the camera head controlling unit 11405.
The control signal includes information relating to image
pickup conditions such as, for example, information that
a frame rate of a picked up image is designated, infor-
mation that an exposure value upon image picking up is
designated and/or information that a magnification and
a focal point of a picked up image are designated.
[0450] Itistobe noted thatthe image pickup conditions
such as the frame rate, exposure value, magnification or
focal point may be designated by the user or may be set
automatically by the control unit 11413 of the CCU 11201
on the basis of an acquired image signal. In the latter
case, an auto exposure (AE) function, an auto focus (AF)
function and an auto white balance (AWB) function are
incorporated in the endoscope 11100.

[0451] The camera head controlling unit 11405 con-
trols driving of the camera head 11102 on the basis of a
control signal from the CCU 11201 received through the
communication unit 11404.

[0452] The communication unit 11411 includes a com-
munication apparatus for transmitting and receiving var-
ious kinds of information to and from the camera head
11102. The communication unit 11411 receives animage
signal transmitted thereto from the camera head 11102
through the transmission cable 11400.

[0453] Further, the communication unit 11411 trans-
mits a control signal for controlling driving of the camera
head 11102 to the camera head 11102. The image signal
and the control signal can be transmitted by electrical
communication, optical communication or the like.
[0454] Theimage processing unit 11412 performs var-
ious image processes for an image signal in the form of
RAW data transmitted thereto from the camera head
11102.

[0455] The control unit 11413 performs various kinds
of control relating to image picking up of a surgical region
or the like by the endoscope 11100 and display of a
picked up image obtained by image picking up of the
surgical region or the like. For example, the control unit
11413 creates a control signal for controlling driving of
the camera head 11102.

[0456] Further, the control unit 11413 controls, on the
basis of an image signal for which image processes have
been performed by the image processing unit 11412, the
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display apparatus 11202 to display a picked up image in
which the surgical region or the like is imaged. Thereup-
on, the control unit 11413 may recognize various objects
in the picked up image using various image recognition
technologies. For example, the control unit 11413 can
recognize a surgical tool such as forceps, a particular
living body region, bleeding, mist when the energy device
11112 is used and so forth by detecting the shape, color
and so forth of edges of objects included in a picked up
image. The control unit 11413 may cause, when it con-
trols the display apparatus 11202 to display a picked up
image, various kinds of surgery supporting information
to be displayed in an overlapping manner with an image
of the surgical region using a result of the recognition.
Where surgery supporting information is displayed in an
overlapping manner and presented to the surgeon
11131, the burden on the surgeon 11131 can be reduced
and the surgeon 11131 can proceed with the surgery with
certainty.

[0457] The transmission cable 11400 which connects
the camera head 11102 and the CCU 11201 to each
other is an electric signal cable ready for communication
of an electric signal, an optical fiber ready for optical com-
munication or a composite cable ready for both of elec-
trical and optical communications.

[0458] Here, while, in the example depicted, commu-
nication is performed by wired communication using the
transmission cable 11400, the communication between
the camera head 11102 and the CCU 11201 may be
performed by wireless communication.

[0459] Note that the endoscopic surgery system has
been described as an example but the technology ac-
cording to the present disclosure may be applied to any
other surgery system, for example, a microscopic surgery
system or the like.

[0460] <Example of Application to Mobile Body>
[0461] Additionally, for example, the technology ac-
cording to the present disclosure may be implemented
as an apparatus mountedin any type of mobile body such
as an automobile, an electric vehicle, a hybrid electric
vehicle, a motor cycle, a bicycle, a personal mobility ap-
paratus, an airplane, a drone, a ship, or a robot.

[0462] FIG. 86isablockdiagram depictingan example
of schematic configuration of a vehicle control system as
an example of a mobile body control system to which the
technology according to an embodiment of the present
disclosure can be applied.

[0463] The vehicle control system 12000 includes a
plurality of electronic control units connected to each oth-
er via a communication network 12001. In the example
depicted in FIG. 86, the vehicle control system 12000
includes a driving system control unit 12010, a body sys-
tem control unit 12020, an outside-vehicle information
detecting unit 12030, an in-vehicle information detecting
unit 12040, and an integrated control unit 12050. In ad-
dition, a microcomputer 12051, a sound/image output
section 12052, and a vehicle-mounted network interface
(I/F) 12053 are illustrated as a functional configuration
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of the integrated control unit 12050.

[0464] The driving system control unit 12010 controls
the operation of devices related to the driving system of
the vehicle in accordance with various kinds of programs.
For example, the driving system control unit 12010 func-
tions as a control device for a driving force generating
device for generating the driving force of the vehicle, such
as an internal combustion engine, a driving motor, or the
like, a driving force transmitting mechanism for transmit-
ting the driving force to wheels, a steering mechanism
for adjusting the steering angle of the vehicle, a braking
device for generating the braking force of the vehicle,
and the like.

[0465] The body system control unit 12020 controls
the operation of various kinds of devices provided to a
vehicle body in accordance with various kinds of pro-
grams. For example, the body system control unit 12020
functions as a control device for a keyless entry system,
a smart key system, a power window device, or various
kinds of lamps such as a headlamp, a backup lamp, a
brake lamp, a turn signal, a fog lamp, or the like. In this
case, radio waves transmitted from a mobile device as
an alternative to a key or signals of various kinds of
switches can be input to the body system control unit
12020. The body system control unit 12020 receives
these input radio waves or signals, and controls a door
lock device, the power window device, the lamps, or the
like of the vehicle.

[0466] The outside-vehicle information detecting unit
12030 detects information about the outside of the vehi-
cle including the vehicle control system 12000. For ex-
ample, the outside-vehicle information detecting unit
12030 is connected with an imaging section 12031. The
outside-vehicle information detecting unit 12030 makes
the imaging section 12031 image an image of the outside
of the vehicle, and receives the imaged image. On the
basis of the received image, the outside-vehicle informa-
tion detecting unit 12030 may perform processing of de-
tecting an objectsuch as ahuman, avehicle, an obstacle,
a sign, a character on a road surface, or the like, or
processing of detecting a distance thereto.

[0467] The imaging section 12031 is an optical sensor
that receives light, and which outputs an electric signal
corresponding to a received light amount of the light. The
imaging section 12031 can output the electric signal as
an image, or can output the electric signal as information
abouta measured distance. In addition, the light received
by the imaging section 12031 may be visible light, or may
be invisible light such as infrared rays or the like.
[0468] The in-vehicle information detecting unit 12040
detects information about the inside of the vehicle. The
in-vehicle information detecting unit 12040 is, for exam-
ple, connected with a driver state detecting section 12041
that detects the state of a driver. The driver state detect-
ing section 12041, for example, includes a camera that
images the driver. On the basis of detection information
input from the driver state detecting section 12041, the
in-vehicle information detecting unit 12040 may calculate
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a degree of fatigue of the driver or a degree of concen-
tration of the driver, or may determine whether the driver
is dozing.

[0469] The microcomputer 12051 can calculate a con-
trol target value for the driving force generating device,
the steering mechanism, or the braking device on the
basis of the information about the inside or outside of the
vehicle which information is obtained by the outside-ve-
hicle information detecting unit 12030 or the in-vehicle
information detecting unit 12040, and output a control
command to the driving system control unit 12010. For
example, the microcomputer 12051 can perform coop-
erative control intended to implement functions of an ad-
vanced driver assistance system (ADAS)which functions
include collision avoidance or shock mitigation for the
vehicle, following driving based on a following distance,
vehicle speed maintaining driving, a warning of collision
of the vehicle, a warning of deviation of the vehicle from
a lane, or the like.

[0470] In addition, the microcomputer 12051 can per-
form cooperative control intended for automatic driving,
which makes the vehicle to travel autonomously without
depending on the operation of the driver, or the like, by
controlling the driving force generating device, the steer-
ing mechanism, the braking device, or the like on the
basis of the information about the outside or inside of the
vehicle which information is obtained by the outside-ve-
hicle information detecting unit 12030 or the in-vehicle
information detecting unit 12040.

[0471] In addition, the microcomputer 12051 can out-
put a control command to the body system control unit
12020 on the basis of the information about the outside
of the vehicle which information is obtained by the out-
side-vehicle information detecting unit 12030. For exam-
ple, the microcomputer 12051 can perform cooperative
control intended to prevent a glare by controlling the
headlamp so as to change from a high beam to a low
beam, for example, in accordance with the position of a
preceding vehicle or an oncoming vehicle detected by
the outside-vehicle information detecting unit 12030.
[0472] The sound/image output section 12052 trans-
mits an output signal of at least one of a sound and an
image to an output device capable of visually or auditorily
notifying information to an occupant of the vehicle or the
outside of the vehicle. In the example of FIG. 86, an audio
speaker 12061, a display section 12062, and an instru-
ment panel 12063 are illustrated as the output device.
The display section 12062 may, for example, include at
least one of an on-board display and a head-up display.
[0473] FIG. 87 is a diagram depicting an example of
the installation position of the imaging section 12031.
[0474] In FIG. 87, the imaging section 12031 includes
imaging sections 12101, 12102, 12103, 12104, and
12105.

[0475] The imaging sections 12101, 12102, 12103,
12104, and 12105 are, for example, disposed at positions
on a front nose, sideview mirrors, a rear bumper, and a
back door of the vehicle 12100 as well as a position on
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an upper portion of a windshield within the interior of the
vehicle. The imaging section 12101 provided to the front
nose and the imaging section 12105 provided to the up-
per portion of the windshield within the interior of the ve-
hicle obtain mainly an image of the front of the vehicle
12100. The imaging sections 12102 and 12103 provided
to the sideview mirrors obtain mainly an image of the
sides of the vehicle 12100. The imaging section 12104
provided to the rear bumper or the back door obtains
mainly an image of the rear of the vehicle 12100. The
imaging section 12105 provided to the upper portion of
the windshield within the interior of the vehicle is used
mainly to detect a preceding vehicle, a pedestrian, an
obstacle, a signal, a traffic sign, a lane, or the like.
[0476] Incidentally, FIG. 87 depicts an example of pho-
tographing ranges of the imaging sections 12101 to
12104. An imaging range 12111 represents the imaging
range of the imaging section 12101 provided to the front
nose.maging ranges 12112 and 12113 respectively rep-
resent the imaging ranges of the imaging sections 12102
and 12103 provided to the sideview mirrors. An imaging
range 12114 represents the imaging range of the imaging
section 12104 provided to the rear bumper or the back
door. A bird’s-eye image of the vehicle 12100 as viewed
from above is obtained by superimposing image data im-
aged by the imaging sections 12101 to 12104, for exam-
ple.

[0477] At least one of the imaging sections 12101 to
12104 may have a function of obtaining distance infor-
mation. For example, atleast one of the imaging sections
12101 to 12104 may be a stereo camera constituted of
a plurality of imaging elements, or may be an imaging
element having pixels for phase difference detection.
[0478] Forexample, the microcomputer 12051 can de-
termine a distance to each three-dimensional object with-
in the imaging ranges 12111 to 12114 and a temporal
change in the distance (relative speed with respect to the
vehicle 12100) on the basis of the distance information
obtained from the imaging sections 12101 to 12104, and
thereby extract, as a preceding vehicle, a nearest three-
dimensional object in particular that is present on a
traveling path of the vehicle 12100 and which travels in
substantially the same direction as the vehicle 12100 at
a predetermined speed (for example, equal to or more
than 0 km/hour). Further, the microcomputer 12051 can
set a following distance to be maintained in front of a
preceding vehicle in advance, and perform automatic
brake control (including following stop control), automatic
acceleration control (including following start control), or
the like. It is thus possible to perform cooperative control
intended for automatic driving that makes the vehicle
travel autonomously without depending on the operation
of the driver or the like.

[0479] For example, the microcomputer 12051 can
classify three-dimensional object data on three-dimen-
sional objects into three-dimensional object data of a two-
wheeled vehicle, a standard-sized vehicle, a large-sized
vehicle, a pedestrian, a utility pole, and other three-di-
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mensional objects on the basis of the distance informa-
tion obtained from the imaging sections 12101 to 12104,
extract the classified three-dimensional object data, and
use the extracted three-dimensional object data for au-
tomatic avoidance of an obstacle. For example, the mi-
crocomputer 12051 identifies obstacles around the ve-
hicle 12100 as obstacles that the driver of the vehicle
12100 can recognize visually and obstacles that are dif-
ficult for the driver of the vehicle 12100 to recognize vis-
ually. Then, the microcomputer 12051 determines a col-
lision risk indicating a risk of collision with each obstacle.
In a situation in which the collisionriskis equal to or higher
than a set value and there is thus a possibility of collision,
the microcomputer 12051 outputs a warning to the driver
via the audio speaker 12061 or the display section 12062,
and performs forced deceleration or avoidance steering
via the driving system control unit 12010. The microcom-
puter 12051 can thereby assist in driving to avoid colli-
sion.

[0480] At least one of the imaging sections 12101 to
12104 may be an infrared camera that detects infrared
rays. The microcomputer 12051 can, for example, rec-
ognize a pedestrian by determining whether or not there
is a pedestrian inimaged images of the imaging sections
12101 to 12104. Such recognition of a pedestrian is, for
example, performed by a procedure of extracting char-
acteristic points in the imaged images of the imaging sec-
tions 12101 to 12104 as infrared cameras and a proce-
dure of determining whether or not it is the pedestrian by
performing pattern matching processing on a series of
characteristic points representing the contour of the ob-
ject. When the microcomputer 12051 determines that
there is a pedestrian in the imaged images of the imaging
sections 12101 to 12104, and thus recognizes the pe-
destrian, the sound/image output section 12052 controls
the display section 12062 so that a square contour line
for emphasis is displayed so as to be superimposed on
the recognized pedestrian. The sound/image output sec-
tion 12052 may also control the display section 12062
so that an icon or the like representing the pedestrian is
displayed at a desired position.

[0481] Note thatthe embodiments of the present tech-
nology are not limited to the embodiments described
above and various changes can be made to the embod-
iments without departing from the spirit of the present
technology.

[0482] The present technology can also take the fol-
lowing configurations.

(1) An imaging element including:

a substrate;

a first photoelectric conversion region provided
in the substrate;

a second photoelectric conversion region pro-
vided in the substrate, the second photoelectric
conversion region being adjacent to the first pho-
toelectric conversion region;
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apixelisolation section provided in the substrate
and between the first photoelectric conversion
region and the second photoelectric conversion
region; and

a junction region provided in a side wall of the
pixelisolation section, the junction region includ-
ing afirstimpurity region including firstimpurities
and a second impurity region including second
impurities,

in which a length of a side of the first impurity
region formed in the side wall of the pixel isola-
tion section, the side perpendicularly intersect-
ing two parallel sides of four sides of the pixel
isolation section enclosing the first photoelectric
conversion region, is larger than a length be-
tween the two parallel sides of the pixel isolation
section.

(2) The imaging element according to (1) described
above, in which, when the length between the two
parallel sides of the pixel isolation section is used as
a reference, the length of the side of the first impurity
region is at least 1.3 times as large as the length
between the two parallel sides of the pixel isolation
section.

(3) The imaging element according to (1) or (2) de-
scribed above, in which the first impurity region in-
cludes protruding portions on the second impurity
region side.

(4) The imaging element according to any one of (1)
to (3) described above, in which the pixel isolation
section includes protruding portions.

(5) The imaging element according to (3) or (4) de-
scribed above, in which each of the protruding por-
tions is formed in a rectangular shape.

(6) The imaging element according to (3) or (4) de-
scribed above, in which each of the protruding por-
tions is formed in a triangular shape.

(7) The imaging element according to any one of (1)
or (6) described above, in which a junction surface
between the first impurity region and the second im-
purity region is shaped to include recesses and pro-
trusions.

(8) The imaging element according to any one of (1)
or (7) described above, in which a wall surface of the
pixel isolation section is shaped to include recesses
and protrusions.

(9) The imaging element according to any one of (1)
or (8) described above, further including:

the junction region in at least one of four corners of
the first photoelectric conversion region.

(10) The imaging element according to any one of
(1) to (9) described above, further including:

the pixel isolation section shaped like a cross;
and

the junction region on a side surface of the pixel
isolation section shaped like a cross.
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(11) The imaging element according to any one of
(1) to (10) described above, in which the pixel isola-
tion section partly includes a discontinued portion,
and

the first impurity region in the discontinued portion
is formed in a curved shape.

(12) The imaging element according to (11) de-
scribed above, in which a plurality of the discontinued
portions are provided on one side.

(13) The imaging element according to any one of
(1) to (12) described above, in which the first impu-
rities are N-type impurities and the second impurities
are P-type impurities, or the first impurities are P-
type impurities and the second impurities are N-type
impurities.

(14) The imaging element according to any one of
(1) to (13) described above, in which the pixel isola-
tion section includes protruding portions, and

a tip of each of the protruding portions faces a gate
of a transfer transistor.

(15) The imaging element according to any one of
(1) to (6), (13), and (14) described above, in which
the pixel isolation section includes the protruding
portions, and

each of the protruding portions is formed not to pen-
etrate the substrate.

(14) Electronic equipment equipped with an imaging
element, the imaging element including:

a substrate;

a first photoelectric conversion region provided
in the substrate;

a second photoelectric conversion region pro-
vided in the substrate, the second photoelectric
conversion region being adjacent to the first pho-
toelectric conversion region;

apixelisolation section providedin the substrate
and between the first photoelectric conversion
region and the second photoelectric conversion
region; and

a junction region provided in a side wall of the
pixel isolation section, the junction regioninclud-
ing a firstimpurity regionincluding firstimpurities
and a second impurity region including second
impurities,

in which a length of a side of the first impurity
region formed in the side wall of the pixel isola-
tion section, the side perpendicularly intersect-
ing two parallel sides of four sides of the pixel
isolation section enclosing the first photoelectric
conversion region, is larger than a length be-
tween the two parallel sides of the pixel isolation
section.
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151:
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200:
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Imaging apparatus

Lens group

Imaging element

DSP circuit

Frame memory

Display section
Recording section
Operation system

Power supply system
Bus line

CPU

Pixel

Vertical signal line

Pixel array section
Vertical driving section
Column processing section
Horizontal driving section
System control section
Pixel driving line

Vertical signal line
Signal processing section
Data storage section
Pixel

Si substrate

P-type region
Planarization film

Light shielding film

Back surface Si interface
Active region
Interconnect layer
Transfer transistor
Vertical transistor trench

P-type solid phase diffusion layer
N-type solid phase diffusion layer

Side wall film

Filler

Reset transistor
Amplifying transistor
Select transistor
Film

P-type region
N-type region
MOS capacitor
Well contact portion
Contact

Cu interconnect
Silicon oxide film
Insulating film

PSG film

Impurity region
BSG film

Resist

Impurity region

RP film

1: Imaging apparatus
7: Imaging system

100

. First substrate

[0483]

53

1008, 260S, 300S: Semiconductor layer
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100T, 260T, 300T: Interconnect layer
111: Insulating film

112: Fixed charge film

113: First pinning region

114: n-type semiconductor region
115: p well layer

116: Second pinning region

117: Pixel isolation section

117A: Light shielding film

117B: Insulating film

118, 218: VSS contact region
119, 123, 222: Interlayer insulating film
120, 121: Pad portion

120E, 121E: Through electrode
126, 221: Passivation film

124: Junction film

260: Second substrate

261, 262, 263, 204, 305, 302, 303, 304: Contact por-
tion

212: Insulating region

213: Element isolation region
218V: Connection portion

TGV: Through electrode

300: Third substrate

401: Light receiving lens

541A, 541B, 541C, 541D: Pixel
TR: Transfer transistor

TG: Transfer gate

RST: Reset transistor

AMP: Amplifying transistor

SEL: Select transistor

FDG: FD transfer transistor

FD: Floating diffusion

Claims

An imaging element comprising:

a substrate;

a first photoelectric conversion region provided
in the substrate;

a second photoelectric conversion region pro-
vided in the substrate, the second photoelectric
conversion region being adjacent to the first pho-
toelectric conversion region;

apixelisolation section providedin the substrate
and between the first photoelectric conversion
region and the second photoelectric conversion
region; and

a junction region provided in a side wall of the
pixel isolation section, the junction regioninclud-
ing a firstimpurity region including firstimpurities
and a second impurity region including second
impurities,

wherein a length of a side of the first impurity
region formed in the side wall of the pixel isola-
tion section, the side perpendicularly intersect-
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ing two parallel sides of four sides of the pixel
isolation section enclosing the first photoelectric
conversion region, is larger than a length be-
tween the two parallel sides of the pixel isolation
section.

The imaging element according to claim 1, wherein,
when the length between the two parallel sides of
the pixel isolation section is used as a reference, the
length of the side of the first impurity region is at least
1.3 times as large as the length between the two
parallel sides of the pixel isolation section.

The imaging element according to claim 1, wherein
the first impurity region includes protruding portions
on the second impurity region side.

The imaging element according to claim 1, wherein
the pixel isolation section includes protruding por-
tions.

The imaging element according to claim 3, wherein
each of the protruding portions is formed in a rectan-
gular shape.

The imaging element according to claim 3, wherein
each of the protruding portions is formed in a trian-
gular shape.

The imaging element according to claim 1, wherein
a junction surface between the first impurity region
and the second impurity region is shaped to include
recesses and protrusions.

The imaging element according to claim 1, wherein
a wall surface of the pixel isolation section is shaped
to include recesses and protrusions.

The imaging element according to claim 1, further
comprising:

the junction region in at least one of four corners of
the first photoelectric conversion region.

The imaging element according to claim 1, further
comprising:

the pixel isolation section shaped like a cross;
and

the junction region on a side surface of the pixel
isolation section shaped like a cross.

The imaging element according to claim 1, wherein
the pixel isolation section partly includes a discon-
tinued portion, and

the first impurity region in the discontinued portion
is formed in a curved shape.

The imaging element according to claim 11, wherein
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a plurality of the discontinued portions are provided
on one side.

The imaging element according to claim 1, wherein
the first impurities are N-type impurities and the sec-
ond impurities are P-type impurities, or the first im-
purities are P-type impurities and the second impu-
rities are N-type impurities.

The imaging element according to claim 1, wherein
the pixel isolation section includes protruding por-
tions, and

a tip of each of the protruding portions faces a gate
of a transfer transistor.

The imaging element according to claim 1, wherein
the pixel isolation section includes protruding por-
tions, and

each of the protruding portions is formed not to pen-
etrate the substrate.

Electronic equipment equipped with an imaging el-
ement, the imaging element including:

a substrate;

a first photoelectric conversion region provided
in the substrate;

a second photoelectric conversion region pro-
vided in the substrate, the second photoelectric
conversion region being adjacent to the first pho-
toelectric conversion region;

apixelisolation section providedin the substrate
and between the first photoelectric conversion
region and the second photoelectric conversion
region; and

a junction region provided in a side wall of the
pixel isolation section, the junction regioninclud-
ing a firstimpurity regionincluding firstimpurities
and a second impurity region including second
impurities,

wherein a length of a side of the first impurity
region formed in the side wall of the pixel isola-
tion section, the side perpendicularly intersect-
ing two parallel sides of four sides of the pixel
isolation section enclosing the first photoelectric
conversion region, is larger than a length be-
tween the two parallel sides of the pixel isolation
section.
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