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(57) An imaging device having a superior
light-shielding property for a charge-holding section is
provided. The imaging device includes: an Si {111} sub-
strate extending along a horizontal plane; a photoelectric
conversion section provided in the Si {111} substrate and
generating charges corresponding to a light reception
amount by photoelectric conversion; a charge-holding
section provided in the Si {111} substrate and holding
charges transferred from the photoelectric conversion
section; and a light-shielding section including a horizon-
tal light-shielding part positioned between the photoelec-
tric conversion section and the charge-holding section in
a thickness direction and extending along the horizontal
plane and a vertical light-shielding part orthogonal there-
to. The horizontal light-shielding section includes a first
plane along a first crystal plane of the Si {111} substrate
of a plane index {111} orthogonal to the thickness direc-
tion, and a second plane along a second crystal plane of
the Si {111} substrate inclined to the thickness direction.
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Description

Technical Field

[0001] The present disclosure relates to an imaging device that captures an image by performing photoelectric con-
version, a method of manufacturing the imaging device, and an electronic apparatus including an imaging element.

Background Art

[0002] Heretofore, there has been proposed, in a backside illumination type solid-state imaging device of a global
shutter system, formation of a horizontal light-shielding section and a vertical light-shielding section in the vicinity of a
charge-holding section that holds charges transferred from a photoelectric conversion section (e.g., see PTL 1).

Citation List

Patent Literature

[0003] PTL 1: International Publication No. WO 2016/136486

Summary of the Invention

[0004] In such a solid-state imaging device, for example, when light having passed through without being absorbed
in the photoelectric conversion section enters the charge-holding section, there is a possibility that a noise may be
generated.
[0005] It is therefore desired to provide an imaging device with a superior light-shielding property for a charge-holding
section.
[0006] An imaging device according to an embodiment of the present disclosure includes: a photoelectric conversion
section generating charges corresponding to an amount of light reception by means of photoelectric conversion; a
charge-holding section holding the charges transferred from the photoelectric conversion section; and a light-shielding
section including a horizontal light-shielding part positioned between the photoelectric conversion section and the charge-
holding section in a first direction and extending along a horizontal plane and a vertical light-shielding part orthogonal
to the horizontal light-shielding part. Here, the horizontal light-shielding part is formed, for example, by performing
crystalline anisotropic etching on an Si substrate using an etching solution. For example, in a case of etching using an
alkaline solution, the etching progresses from a reaction between an Si dangling bond and an OH ion as a starting point.
Therefore, the more the number of the dangling bond exposed to the surface is, the more likely etching is to progress,
and the more the number of the backbond extending to side of the bulk is, the less likely etching is to progress. That is,
the horizontal light-shielding part includes three Si-backbonds or less in a direction substantially horizontal to a front
surface of the substrate. Meanwhile, the horizontal light-shielding part includes three Si backbonds in a direction sub-
stantially vertical to the front surface of the Si substrate. To give a description using the schematic explanatory view of
FIG. 32, for example, when side of the Si dangling bond is defined as a positive direction with respect to a normal line
of an Si {111} plane, the Si backbond means an atomic bonding extending in a negative direction opposite to the positive
direction. FIG. 32 exemplifies three backbonds at angles of -19.47° to +19.47° relative to the {111} plane. Specifically,
in a case of providing the photoelectric conversion section, the horizontal light-shielding part, and the charge-holding
section in the Si {111} substrate, the horizontal light-shielding part includes a first plane along a first crystal plane of the
Si {111} substrate being orthogonal to the first direction and represented by a plane index {111}, and a second plane
along a second crystal plane of the Si {111} substrate being inclined relative to the first direction and represented by the
plane index {111}.
[0007] In addition, an electronic apparatus as an embodiment of the present disclosure is provided with the above-
described imaging device.
[0008] A method of manufacturing an imaging device as an embodiment of the present disclosure includes the following
operations (A) to (D).

(A) Preparing an Si {111} substrate having a first direction as a thickness direction and including a first crystal plane
represented by a plane index {111} extending along a horizontal plane orthogonal to the first direction.
(B) Forming, in the Si {111} substrate, a photoelectric conversion section generating charges corresponding to an
amount of light reception by means of photoelectric conversion.
(C) Forming, in the Si {111} substrate, a charge-holding section holding the charges transferred from the photoelectric
conversion section.
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(D) Forming a light-shielding section including a horizontal light-shielding part positioned between the photoelectric
conversion section and the charge-holding section in the first direction and extending along the horizontal plane
and a vertical light-shielding part orthogonal to the horizontal light-shielding part.

[0009] Here, a first crystal plane of the Si {111} substrate orthogonal to the first direction and represented by the plane
index {111} and a second crystal plane of the Si {111} substrate inclined relative to the first direction and represented
by the plane index {111} are each formed by performing crystalline anisotropic etching on the Si {111} substrate using
an etching solution to thereby form the horizontal light-shielding part including a first plane along the first crystal plane
and a second plane along the second crystal plane.
[0010] The imaging element and the electronic apparatus as respective embodiments of the present disclosure, the
above-described configuration is provided with a light shielding layer with high dimensional accuracy that is more easily
formable by crystalline anisotropic etching using an etching solution such as an alkaline aqueous solution, for example.
In addition, the method of manufacturing the imaging element of the present disclosure allows for the imaging element
including the light-shielding layer with high dimensional accuracy.
[0011] According to the imaging device and the electronic apparatus as the respective embodiments of the present
disclosure, it is possible to suppress generation of a noise, and thus to achieve a superior imaging capability. In addition,
according to the method of manufacturing the imaging device as an embodiment of the present disclosure, it is possible
to manufacture the above-described imaging element.
[0012] It is to be noted that the effects of the present disclosure are not limited thereto, and may be any of the effects
described below.

Brief Description of the Drawings

[0013]

[FIG. 1] FIG. 1 is a block diagram illustrating an configuration example of a function of an imaging device according
to a first embodiment of the present disclosure.
[FIG. 2] FIG. 2 is a circuit diagram illustrating a circuit configuration of one sensor pixel in the imaging device illustrated
in FIG. 1.
[FIG. 3] FIG. 3 is a perspective view schematically illustrating a configuration of some of sensor pixels in the imaging
device illustrated in FIG. 1.
[FIG. 4A] FIG. 4A is a first cross-sectional view schematically illustrating a configuration of some of the sensor pixels
in the imaging device illustrated in FIG. 1.
[FIG. 4B] FIG. 4B is a second cross-sectional view schematically illustrating the configuration of some of the sensor
pixels in the imaging device illustrated in FIG. 1.
[FIG. 5A] FIG. 5A is a plan view schematically illustrating an overall configuration of a pixel array section in the
imaging device illustrated in FIG. 1.
[FIG. 5B] FIG. 5B is a plan view schematically illustrating, in an enlarged manner, a main part of the pixel array
section illustrated in FIG. 5A.
[FIG. 6A] FIG. 6A is a cross-sectional view of one step in a method of manufacturing the imaging device illustrated
in FIG. 1.
[FIG. 6B] FIG. 6B is a cross-sectional view of one step subsequent to FIG. 6A.
[FIG. 6C] FIG. 6C is a cross-sectional view of one step subsequent to FIG. 6B.
[FIG. 6D] FIG. 6D is a cross-sectional view of one step subsequent to FIG. 6C.
[FIG. 6E] FIG. 6E is a cross-sectional view of one step subsequent to FIG. 6D.
[FIG. 6F] FIG. 6F is another cross-sectional view of one step subsequent to FIG. 6D.
[FIG. 6G] FIG. 6G is a cross-sectional view of one step subsequent to FIGs. 6E and 6F.
[FIG. 6H] FIG. 6H is a cross-sectional view of one step subsequent to FIG. 6G.
[FIG. 6I] FIG. 6I is a cross-sectional view of one step subsequent to FIG. 6H.
[FIG. 7] FIG. 7 is a plan view schematically illustrating a configuration of some of sensor pixels in an imaging device
according to a second embodiment of the present disclosure.
[FIG. 8] FIG. 8 is a plan view schematically illustrating a configuration of some of sensor pixels in an imaging device
according to a third embodiment of the present disclosure.
[FIG. 9A] FIG. 9A is a first cross-sectional view schematically illustrating a configuration of some of the sensor pixels
in the imaging device illustrated in FIG. 8.
[FIG. 9B] FIG. 9B is a second cross-sectional view schematically illustrating the configuration of some of the sensor
pixels in the imaging device illustrated in FIG. 8.
[FIG. 9C] FIG. 9C is a third cross-sectional view schematically illustrating the configuration of some of the sensor
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pixels in the imaging device illustrated in FIG. 8.
[FIG. 10] FIG. 10 is a perspective view schematically illustrating the configuration of some of the sensor pixels in
the imaging device illustrated in FIG. 8.
[FIG. 11A] FIG. 11A is a cross-sectional view of one step in a method of manufacturing the imaging device illustrated
in FIG. 8.
[FIG. 11B] FIG. 11B is a cross-sectional view of one step subsequent to FIG. 11A.
[FIG. 11C] FIG. 11C is a cross-sectional view of one step subsequent to FIG. 11B.
[FIG. 11D] FIG. 11D is a cross-sectional view of one step subsequent to FIG. 11C.
[FIG. 12A] FIG. 12A is another cross-sectional view of one step in the method of manufacturing the imaging device
illustrated in FIG. 8.
[FIG. 12B] FIG. 12B is a cross-sectional view of one step subsequent to FIG. 12A.
[FIG. 12C] FIG. 12C is a cross-sectional view of one step subsequent to FIG. 12B.
[FIG. 12D] FIG. 12D is a cross-sectional view of one step subsequent to FIG. 12C.
[FIG. 13] FIG. 13 is a cross-sectional view schematically illustrating a configuration of some of sensor pixels in an
imaging device according to a fourth embodiment of the present disclosure.
[FIG. 14A] FIG. 14A is a cross-sectional view of one step in a method of manufacturing the imaging device illustrated
in FIG. 13.
[FIG. 14B] FIG. 14B is a cross-sectional view of one step subsequent to FIG. 14A.
[FIG. 14C] FIG. 14C is a cross-sectional view of one step subsequent to FIG. 14B.
[FIG. 14D] FIG. 14D is a cross-sectional view of one step subsequent to FIG. 14C.
[FIG. 14E] FIG. 14E is a cross-sectional view of one step subsequent to FIG. 14D.
[FIG. 14F] FIG. 14F is a cross-sectional view of one step subsequent to FIG. 14E.
[FIG. 14G] FIG. 14G is a cross-sectional view of one step subsequent to FIG. 14F.
[FIG. 14H] FIG. 14H is a cross-sectional view of one step subsequent to FIG. 14G.
[FIG. 15] FIG. 15 is a plan view schematically illustrating a configuration of some of sensor pixels in a modification
example of the imaging device according to the fourth embodiment of the present disclosure.
[FIG. 16A] FIG. 16A is a cross-sectional view of one step in a method of manufacturing the imaging device illustrated
in FIG. 15.
[FIG. 16B] FIG. 16B is a cross-sectional view of one step subsequent to FIG. 16A.
[FIG. 16C] FIG. 16C is a cross-sectional view of one step subsequent to FIG. 16B.
[FIG. 16D] FIG. 16D is a cross-sectional view of one step subsequent to FIG. 16C.
[FIG. 17] FIG. 17 is a perspective view schematically illustrating a configuration of some of sensor pixels in an
imaging device according to a fifth embodiment of the present disclosure.
[FIG. 18] FIG. 18 is a cross-sectional view schematically illustrating a configuration of some of the sensor pixels in
the imaging device illustrated in FIG. 17.
[FIG. 19A] FIG. 19A is a cross-sectional view of one step in a method of manufacturing the imaging device illustrated
in FIG. 18.
[FIG. 19B] FIG. 19B is a cross-sectional view of one step subsequent to FIG. 19A.
[FIG. 19C] FIG. 19C is a cross-sectional view of one step subsequent to FIG. 19B.
[FIG. 19D] FIG. 19D is a cross-sectional view of one step subsequent to FIG. 19C.
[FIG. 20] FIG. 20 is a perspective view schematically illustrating a configuration of some of sensor pixels in an
imaging device according to a sixth embodiment of the present disclosure.
[FIG. 21] FIG. 21 is a cross-sectional view schematically illustrating a configuration of some of the sensor pixels in
the imaging device illustrated in FIG. 20.
[FIG. 22A] FIG. 22A is a cross-sectional view of one step in a method of manufacturing the imaging device illustrated
in FIG. 20.
[FIG. 22B] FIG. 22B is a cross-sectional view of one step subsequent to FIG. 22A.
[FIG. 22C] FIG. 22C is a cross-sectional view of one step subsequent to FIG. 22B.
[FIG. 22D] FIG. 22D is a cross-sectional view of one step subsequent to FIG. 22C.
[FIG. 22E] FIG. 22E is a cross-sectional view of one step subsequent to FIG. 22D.
[FIG. 22F] FIG. 22F is a cross-sectional view of one step subsequent to FIG. 22E.
[FIG. 23] FIG. 23 is a cross-sectional view schematically illustrating a configuration of some of sensor pixels in a
modification example of the imaging device according to the sixth embodiment of the present disclosure.
[FIG. 24A] FIG. 24A is a cross-sectional view of one step in a method of manufacturing the imaging device illustrated
in FIG. 23.
[FIG. 24B] FIG. 24B is a cross-sectional view of one step subsequent to FIG. 24A.
[FIG. 24C] FIG. 24C is a cross-sectional view of one step subsequent to FIG. 24B.
[FIG. 24D] FIG. 24D is a cross-sectional view of one step subsequent to FIG. 24C.
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[FIG. 25] FIG. 25 is a cross-sectional view schematically illustrating a configuration of some of sensor pixels in a
modification example of the imaging device according to the sixth embodiment of the present disclosure.
[FIG. 26A] FIG. 26A is a cross-sectional view of one step in a method of manufacturing the imaging device illustrated
in FIG. 25.
[FIG. 26B] FIG. 26B is a cross-sectional view of one step subsequent to FIG. 26A.
[FIG. 27] FIG. 27 is a cross-sectional view schematically illustrating a configuration of some of sensor pixels in a
modification example of the imaging device according to the sixth embodiment of the present disclosure.
[FIG. 28] FIG. 28 is a schematic view of an overall configuration example of an electronic apparatus.
[FIG. 29] FIG. 29 is a block diagram depicting an example of schematic configuration of a vehicle control system.
[FIG. 30] FIG. 30 is a diagram of assistance in explaining an example of installation positions of an outside-vehicle
information detecting section and an imaging section.
[FIG. 31] FIG. 31 is a plan view schematically illustrating, in an enlarged manner, a main part of a pixel array section
in an imaging device as another modification example of the present disclosure.
[FIG. 32] FIG. 32 is an explanatory schematic view of a backbond in crystal plane of an Si substrate of the present
disclosure.
[FIG. 33] FIG. 33 is an explanatory schematic view of an off-angle at a front surface of the Si substrate of the present
disclosure.

Modes for Carrying Out the Invention

[0014] Hereinafter, description is given in detail of embodiments of the present disclosure with reference to the drawings.
It is to be noted that description is given in the following order.

1. First Embodiment
An example of a solid-state imaging device with an island-shaped Si-remaining region in a level occupied by a
horizontal light-shielding part.
2. Second Embodiment
An example of a solid-state imaging device with a band-shaped Si-remaining region in a level occupied by the
horizontal light-shielding part.
3. Third Embodiment
An example of a solid-state imaging device further including an additional light-shielding section.
4. Fourth Embodiment
An example of a solid-state imaging device having a structure in which a light-shielding section and an element
separation section are integrated.
5. Modification Example of Fourth Embodiment
An example of a solid-state imaging device in which a light-shielding section and an element separation section are
integrated and only a vertical light-shielding part is present in a band-shaped Si-remaining region.
6. Fifth Embodiment
An example of a solid-state imaging device having a three-dimensional structure.
7. Sixth Embodiment
An example of a solid-state imaging device in which a horizontal light-shielding part and an element separation
section are integrated by etching from back surface side of a semiconductor substrate, with the horizontal light-
shielding part and the element separation section being provided as a light-shielding section.
8. Modification Example of Sixth Embodiment
An example of a solid-state imaging device further including an additional light-shielding section.
9. Modification Example of Sixth Embodiment
An example of a solid-state imaging device further including a vertical light-shielding part.
10. Modification Example of Sixth Embodiment
An example of a solid-state imaging device having a three-dimensional structure.
11. Example of Application to Electronic Apparatus
12. Example of Application to Mobile Body
13. Other Modification Examples

<1. First Embodiment>

[Configuration of Solid-State Imaging Device 101]

[0015] FIG. 1 is a block diagram illustrating a functional configuration example of a solid-state imaging device 101
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according to a first embodiment of the present technology.
[0016] The solid-state imaging device 101 is, for example, a backside illumination type image sensor of a so-called
global shutter system, such as a CMOS (Complementary Metal Oxide Semiconductor) image sensor. The solid-state
imaging device 101 receives light from a subject and performs photoelectric conversion to generate an image signal,
thereby capturing an image.
[0017] The global shutter system is a system in which global exposure is performed, which basically starts exposure
simultaneously for all pixels and finishes the exposure simultaneously for all the pixels. As used herein, all the pixels
refer to all of pixels of a portion appearing in an image, and exclude a dummy pixel, or the like. In addition, the global
shutter system also includes a system in which a region where global exposure is performed is moved while performing
global exposure in a unit of a plurality of rows (e.g., several tens of rows) instead of all pixels simultaneously when a
time difference or an image distortion is small enough to be unproblematic. In addition, the global shutter system also
includes a system in which global exposure is performed on pixels of a predetermined region, instead of all of the pixels
of the portion appearing in the image.
[0018] The backside illumination type image sensor refers to an image sensor having a configuration in which a
photoelectric conversion section such as a photodiode that receives light from a subject and converts the light into an
electric signal is provided between a light-receiving surface on which light from the subject is incident and a wiring layer
provided with a wiring line of a transistor, etc. that drives each pixel. It is to be noted that the present technology is not
limited to the application to the CMOS image sensor.
[0019] The solid-state imaging device 101 includes, for example, a pixel array section 111, a vertical drive section
112, a ramp wave module 113, a column signal processing section 114, a clock module 115, a data storage section
116, a horizontal drive section 117, a system control section 118, and a signal processing section 119.
[0020] In the solid-state imaging device 101, the pixel array section 111 is formed on a semiconductor substrate 11
(described later). A peripheral circuit, such as the vertical drive section 112 to the signal processing section 119, is
formed, for example, on the same semiconductor substrate 11 as the pixel array section 111.
[0021] The pixel array section 111 includes a plurality of sensor pixels 121 each including a photoelectric conversion
element that generates and accumulates charges corresponding to an amount of light incident from the subject. As
illustrated in FIG. 1, the sensor pixels 121 are arranged in each of a horizontal direction (row direction) and a vertical
direction (column direction). In the pixel array section 111, pixel drive lines 122 are wired along the row direction for
each pixel row including the sensor pixels 121 arranged in line in the row direction, whereas vertical signal lines 123 are
wired along the column direction for each pixel column including the sensor pixels 121 arranged in line in the column
direction.
[0022] The vertical drive section 112 includes a shift register, an address decoder, and the like. The vertical drive
section 112 supplies respective signals or the like to the plurality of sensor pixels 121 via the plurality of pixel drive lines
122, to thereby drive all of the plurality of sensor pixels 121 in the pixel array section 111 simultaneously or in a unit of
pixel rows.
[0023] The ramp wave module 113 generates a ramp wave signal to be used for A/D (Analog/Digital) conversion of
a pixel signal, and supplies the generated ramp wave signal to the column signal processing section 114. The column
signal processing section 114 includes, for example, a shift register, an address decoder, and the like, and performs
noise cancellation processing, correlation double sampling processing, A/D conversion processing, or the like to generate
a pixel signal. The column signal processing section 114 supplies the generated pixel signal to the signal processing
section 119.
[0024] The clock module 115 supplies a clock signal for operation to each section of the solid-state imaging device 101.
[0025] The horizontal drive section 117 sequentially selects a unit circuit corresponding to a pixel column of the column
signal processing section 114. As a result of selective scanning by the horizontal drive section 117, a pixel signal having
undergone signal processing for each unit circuit in the column signal processing section 114 is sequentially outputted
to the signal processing section 119.
[0026] The system control section 118 includes a timing generator or the like that generates various timing signals.
On the basis of timing signals generated by the timing generator, the system control section 118 performs drive control
of the vertical drive section 112, the ramp wave module 113, the column signal processing section 114, the clock module
115, and the horizontal drive section 117.
[0027] The signal processing section 119 performs signal processing such as arithmetic processing on the pixel signal
supplied from the column signal processing section 114 while temporarily storing data in the data storage section 116
as necessary, and outputs an image signal including each pixel signal.

[Configuration of Sensor Pixel 121]

[0028] Next, description is given, with reference to FIG. 2, of a circuit configuration example of the sensor pixel 121
formed in the pixel array section 111 in FIG. 1. FIG. 2 illustrates a circuit configuration example of one sensor pixel 121
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of the pixel array section 111.
[0029] In the example of FIG. 2, the sensor pixel 121 in the pixel array section 111 includes a photoelectric conversion
section 51, a first transfer transistor (TRX) 52, a second transfer transistor (TRM) 53, a charge-holding section (MEM)
54, a third transfer transistor (TRG) 55, a charge-voltage converting section (FD) 56, a discharge transistor (OFG) 57,
a reset transistor (RST) 58, an amplification transistor (AMP) 59, and a selection transistor (SEL) 60.
[0030] In addition, in this example, the TRX 52, the TRM 53, the TRG 55, the OFG 57, the RST 58, the AMP 59 and
the SEL 60 are each an N type MOS transistor. Drive signals S52, S53, S55, S57, S58, and S60 are supplied to respective
gate electrodes of the TRX 52, the TRM 53, the TRG 55, the OFG 57, the RST 58 and the SEL 60, respectively. The
drive signal S52, S53, S55, S57, S58, and S60 are each a pulse signal in which a high level state is an active state (ON
state) and a low level state is a non-active state (OFF state). It is to be noted that, hereinafter, bringing a drive signal
into an active state is also referred to as turning a drive signal ON, and bringing a drive signal into a non-active state is
also referred to as turning a drive signal OFF.
[0031] The photoelectric conversion section 51 is, for example, a photoelectric conversion element including a P-N
junction photodiode, and receives light from a subject, and generates and accumulates charges corresponding to an
amount of the light reception by means of photoelectric conversion.
[0032] The TRX 52 is coupled between the photoelectric conversion section 51 and the TRM 53, and transfers charges
accumulated in the photoelectric conversion section 51 to the MEM 54 in response to the drive signal S52 applied to
the gate electrode of the TRX 52.
[0033] The TRM 53 controls a potential of the MEM 54 in response to the drive signal S53 to be applied to the gate
electrode of the TRM 53. For example, when the drive signal S53 is turned ON and the TRM 53 is turned ON, the
potential of the MEM 54 is deepened. In addition, when the S53 is turned OFF and the TRM 53 is turned OFF, the
potential of the MEM 54 becomes shallow. When the drive signal S52 and the drive signal the S53 are turned ON and
the TRX 52 and the TRM 53 are turned ON, charges accumulated in the photoelectric conversion section 51 are transferred
to the MEM 54 via the TRX 52 and the TRM 53.
[0034] The MEM 54 is a region that temporarily holds charges accumulated in the photoelectric conversion section
51 in order to achieve the global shutter function.
[0035] The TRG 55 is coupled between the TRM 53 and the FD 56, and transfers the charges held in the MEM 54 to
the FD 56 in response to the drive signal S55 to be applied to the gate electrode of the TRG 55. For example, when the
drive signal S53 is turned OFF; the TRM 53 is turned OFF; the drive signal S55 is turned ON; and the TRG 55 is turned
ON, the charges held in the MEM 54 are transferred to the FD 56 via the TRM 53 and the TRG 55.
[0036] The FD 56 is a floating diffusion region that converts the charges transferred from the MEM 54 via the TRG 55
into an electric signal (e.g., a voltage signal) to be outputted. The RST 58 is coupled to the FD 56, and a vertical signal
line VSL is coupled to the FD 56 via the AMP 59 and the SEL 60.
[0037] The OFG 57 has a drain coupled to a power source VDD and a source coupled to a wiring line between the
TRX 52 and the TRM 53. In response to the drive signal S57 to be applied to a gate electrode of the OFG 57, the OFG
57 initializes or resets the photoelectric conversion section 51. For example, when the drive signal S52 and the drive
signal S57 are turned ON and the TRX 52 and the OFG 57 are turned ON, a potential of the photoelectric conversion
section 51 is reset to a voltage level of the power source VDD. That is, the photoelectric conversion section 51 is initialized.
[0038] In addition, the OFG 57 forms an overflow path between the TRX 52 and the power source VDD, and discharges
charges overflowed from the photoelectric conversion section 51 to the power source VDD.
[0039] The RST 58 has a drain coupled to the power source VDD and a source coupled to the FD 56. In response to
the drive signal S58 to be applied to a gate electrode of the RST 58, the RST 58 initializes, i.e., resets each region from
the MEM 54 to the FD 56. For example, when the drive signal S55 and the drive signal S58 are turned ON and the TRG
55 and the RST 58 are turned ON, potentials of the MEM 54 and the FD 56 are reset to the voltage level of the power
source VDD. That is, the MEM 54 and the FD 56 are initialized.
[0040] The AMP 59 has a gate electrode coupled to the FD 56 and a drain coupled to the power source VDD, and
serves as an input section of a source follower circuit that reads the charges obtained by photoelectric conversion at
the photoelectric conversion section 51. That is, a source of the AMP 59 is coupled to the vertical signal line VSL via
the SEL 60 to thereby cause the AMP 59 to configure a source follower circuit together with a constant current source
coupled to one end of the vertical signal line VSL.
[0041] The SEL 60 is coupled between the source of the AMP 59 and the vertical signal line VSL, and the gate electrode
of the SEL 60 is supplied with the drive signal S60 as a selection signal. When the drive signal S60 is turned ON, the
SEL 60 is brought into a conductive state, and the sensor pixel 121 provided with the SEL 60 is brought into a selected
state. When the sensor pixel 121 is in the selected state, a pixel signal outputted from the AMP 59 is read by the column
signal processing section 114 via the vertical signal line VSL.
[0042] In addition, in the pixel array section 111, the plurality of pixel drive lines 122 are wired for respective pixel
rows, for example. Then, the drive signals S52, S53, S55, S57, S58, and S60 are supplied to selected sensor pixels
121 from the vertical drive section 112 through the plurality of pixel drive lines 122.
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[0043] It is to be noted that a pixel circuit illustrated in FIG. 2 is an example of a pixel circuit that is able to be used in
the pixel array section 111, and it is also possible to use a pixel circuit having another configuration. In addition, hereinafter,
each transistor of the RST 58, the AMP 59, and the SEL 60 is referred to as a pixel transistor.
[0044] FIG. 3 is a perspective view schematically illustrating configurations of any two adjacent sensor pixels 121A
and 121B adjacent to each other in the solid-state imaging device 101. FIGs. 4A and 4B are each a cross-sectional view
schematically illustrating configurations of the sensor pixels 121A and 121B. Further, FIG. 5A is a plan view schematically
illustrating an overall configuration of the pixel array section 111. FIG. 5B is an enlarged plan view of a partial region of
the pixel array section 111, and schematically illustrates configurations of four sensor pixels 121A to 121D adjacent to
each other. It is to be noted that, in FIGs. 5A and 5B, a shape of mainly a light-shielding section 12 (described later) is
indicated by a solid line, and other components are partially omitted. In addition, FIG. 4A illustrates a cross-section in a
direction of an arrow along a line IVA-IVA illustrated in FIG. 5B, and FIG. 4B illustrates a cross-section in a direction of
an arrow along a line IVB-IVB illustrated in FIG. 5B. FIGs. 3 to 5B illustrate one to four sensor pixels 121 of the plurality
of sensor pixels 121 in the solid-state imaging device 101; other sensor pixels 121 in the solid-state imaging device 101
also have substantially the same configuration as that illustrated in FIGs. 3 to 5B. In addition, in the present specification,
a plane on which the semiconductor substrate 11 extends is defined as an XY plane, and a thickness direction of the
semiconductor substrate 11 is defined as a Z-axis direction.
[0045] It is to be noted that the symbols "P" and "N" in the diagram represent a P type semiconductor region and an
N type semiconductor region, respectively. Further, an ending "+" and "-" in symbols of "P++", "P+", "P-", and "P--" each
represent an impurity concentration of the P type semiconductor region. Similarly, the ending "+" and "-" in symbols of
"N++", "N+", "N-" and "N--" each represent an impurity concentration of the N type semiconductor region. Here, more
numbers of "+" indicates higher impurity concentration, and more numbers of "-" indicate lower impurity concentration.
The same applies to the drawings as described hereinafter.
[0046] The solid-state imaging device 101 includes the semiconductor substrate 11, the photoelectric conversion
section 51 embedded in the semiconductor substrate 11, the TRX 52, the TRM 53, the MEM 54, the TRG 55, the OFG
57, the light-shielding section 12, an element separation section 13, an etching stopper 17, a color filter CF, and a light-
receiving lens LNS. It is to be noted that, in the solid-state imaging device 101, a back surface 11B (FIGs. 4A and 4B)
serves as the light-receiving surface.
[0047] The semiconductor substrate 11 includes, for example, an Si {111} substrate. The Si {111} substrate refers to
a single-crystal silicon substrate having a crystal orientation of {111}. The semiconductor substrate 11 includes the back
surface 11B which is a light-receiving surface for receiving light from a subject transmitted through the light-receiving
lens LNS and the color filter CF, and a front surface 11A on side opposite to the back surface 11B.
[0048] The photoelectric conversion section 51 includes, for example, an N- type semiconductor region 51A and an
N type semiconductor region 51B, in order from a position close to the back surface 11B. After light incident on the back
surface 11B is photoelectrically converted to generate charges in the N- type semiconductor region 51A, the charges
are accumulated in the N type semiconductor region 51B. It is to be noted that a boundary between the N- type semi-
conductor region 51A and the N type semiconductor region 51B is not necessarily clear; for example, it is sufficient for
N type impurity concentration to be gradually increased from the N- type semiconductor region 51A toward the N type
semiconductor region 51B.
[0049] The light-shielding section 12 is a member that functions to hinder light from being incident on the MEM 54,
and is provided to surround the MEM 54. Specifically, the light-shielding section 12 includes, for example, a horizontal
light-shielding part 12H that is provided on side opposite to the back surface 11B of the semiconductor substrate 11 as
viewed from the photoelectric conversion section 51 and extends along a horizontal plane (XY plane), and a vertical
light-shielding part 12V that extends along a YZ plane to be orthogonal to the horizontal light-shielding part 12H. As
illustrated in FIG. 5B, the vertical light-shielding part 12V is a wall part that is provided at a boundary part between the
sensor pixels 121 adjacent to each other in an X-direction in a plan view, and extends in a Y-direction. The vertical light-
shielding part 12V is exposed to the front surface 11A of the Si {111} substrate. In addition, as illustrated in FIG. 4, the
horizontal light-shielding part 12H is positioned between the photoelectric conversion section 51 and the MEM 54 in the
Z-axis direction, and, as illustrated in FIGs. 5A and 5B, the horizontal light-shielding part 12H is provided across the
entire XY plane in the pixel array section 111 except an opening 12K. Light incident from the back surface 11B and
transmitted through the photoelectric conversion section 51 without being absorbed by the photoelectric conversion
section 51 is reflected at the horizontal light-shielding part 12H of the light-shielding section 12, and is incident on the
photoelectric conversion section 51 again. That is, the horizontal light-shielding part 12H of the light-shielding section
12 functions as a reflector, and functions to suppress generation of a noise due to incidence of light transmitted through
the photoelectric conversion section 51 on the MEM 54. In addition, the vertical light-shielding part 12V of the light-
shielding section 12 functions to prevent generation of a noise such as color mixture due to incidence of leakage light
from a neighboring sensor pixel 121 on the photoelectric conversion section 51.
[0050] Further, the horizontal light-shielding part 12H includes a pair of first planes S1, a pair of second planes S2,
and a third plane S3. The pair of first planes S1 are each a plane along a first crystal plane 11S1 of the semiconductor
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substrate 11, and are opposed to each other in the Z-axis direction (see FIGs. 4A and 4B). It is to be noted that the first
crystal plane 11S1 in the semiconductor substrate 11 is represented by a plane index {111}. In addition, the pair of
second planes S2 are each a plane along a second crystal plane 11S2 of the semiconductor substrate 11, and are
positioned at both ends of the pixel array section 111 in a Y-axis direction (see FIG. 4B). The second crystal plane 11S2
of the semiconductor substrate is not located in an effective pixel region, but in a peripheral pixel region surrounding the
effective pixel region. For example, in FIG. 4B, the sensor pixel 121B and the sensor pixel 121D form the effective pixel
region, and the outside thereof constitutes the peripheral pixel region. It is to be noted that the second crystal plane
11S2 in the semiconductor substrate 11 is represented by the plane index {111}, and is inclined by about 19.5° relative
to the Z-axis direction. That is, the inclination angle of the second crystal plane 11S2 relative to the horizontal plane (XY
plane) is about 70.5°. In addition, as illustrated in FIGs. 5A and 5B, the second crystal plane 11S2 is inclined relative to
the X-axis and the Y-axis in the horizontal plane (XY plane), and forms an angle of, for example, about 30° relative to
the Y-axis. Further, the third plane S3 is, for example, a plane defining the contour of the opening 12K having a rhombic
planar shape, and is a plane along a third crystal plane 11 S3 of the semiconductor substrate 11. Similarly to the second
crystal plane 11S2, the third crystal plane 11S3 of the semiconductor substrate 11 is inclined by about 19.5° relative to
the Z-axis direction. That is, the inclination angle of the third crystal plane 11S3 relative to the horizontal plane (XY plane)
is about 70.5°. In this manner, an Si-remaining region 22 other than a region occupied by the horizontal light-shielding
part 12H in a horizontal plane orthogonal to the thickness direction forms an island shape, and forms a rhombic shape
in the example of FIGs. 5A and 5B.
[0051] In addition, the light-shielding section 12 has a two-layer structure of an inner layer part 12A and an outer layer
part 12B surrounding the periphery thereof. The inner layer part 12A includes, for example, a material having a light-
shielding property including at least one of a single metal, a metal alloy, a metal nitride, or a metal silicide. More specifically,
examples of a constituent material of the inner layer part 12A include Al (aluminum), Cu (copper), Co (cobalt), W
(tungsten), Ti (titanium), Ta (tantalum), Ni (nickel), Mo (molybdenum), Cr (chromium), Ir (iridium), platinum iridium, TiN
(titanium nitride), and a tungsten silicon compound. Among those, Al (aluminum) is the most optically preferable material.
It is to be noted that the inner layer part 12A may be configured by graphite or an organic material. The outer layer part
12B is configured by, for example, an insulating material such as SiOx (silicon oxide). The outer layer part 12B secures
an electric insulation property between the inner layer part 12A and the semiconductor substrate 11.
[0052] The element separation section 13 is a wall-like member that extends, at a boundary position between the
sensor pixels 121 adjacent to each other, in the Z-axis direction to penetrate the semiconductor substrate 11, and
surrounds each photoelectric conversion section 51. The element separation section 13 allows the sensor pixels 121
adjacent to each other to be electrically separated. The element separation section 13 is configured by, for example, an
insulating material such as silicon oxide. It is to be noted that, in FIG. 3 and FIGs. 4A and 4B, out of the element separation
sections 13, the one provided at a position corresponding to the vertical light-shielding part 12V in the Z-axis direction
is denoted by an element separation section 13A, whereas the one including a portion at a position corresponding to
the opening 12K in the Z-axis direction is denoted by an element separation section 13B. The element separation section
13 A abuts with the horizontal light-shielding part 12H, for example. Meanwhile, a portion of the element separation
section 13B penetrates the opening 12K in the Z-axis direction to protrude toward side of the front surface 11A beyond
the horizontal light-shielding part 12H.
[0053] The etching stopper 17 is provided at both ends of the opening 12K in an X-axis direction. The etching stopper
17 has a function of inhibiting progress of etching upon formation of the horizontal light-shielding part 12H by wet etching
processing. The etching stopper 17 exhibits, for example, etching resistance to an etching solution that is able to perform
etching in a <110> direction of the semiconductor substrate 11, for example, to an alkaline aqueous solution. It is possible
to use, as the etching stopper 17, for example, an impurity element such as B (boron), a crystal defect structure having
undergone hydrogen ion implantation, an insulator such as an oxide, or the like.
[0054] Each gate electrode in the TRX 52, the TRM 53, the TRG 55, and the OFG 57 are each provided on the front
surface 11A of the semiconductor substrate 11, with an insulating layer 18 interposed therebetween. In addition, the
MEM 54, which is the N type semiconductor region, is embedded in the semiconductor substrate 11, and is disposed
between the front surface 11A and the horizontal light-shielding part 12H. Further, a P type semiconductor region 16 is
provided between MRM 54 and the front surface 11A.
[0055] The TRX 52 includes, as gate electrodes, a horizontal terminal section 52H and a vertical terminal section 52V.
The horizontal terminal section 52H is provided on the front surface 11A of the semiconductor substrate 11. The vertical
terminal section 52V extends along the Z-axis direction from the horizontal terminal section 52H downward, and pene-
trates the opening 12K and the N type semiconductor region 51B sequentially to reach the inside of the N-type semi-
conductor region 51A. The vertical terminal section 52V is provided in the Si-remaining region 22 other than the region
occupied by the horizontal light-shielding part 12H (region corresponding to the opening 12K) in the horizontal plane.
The TRX 52 is a component through which charges travel from the photoelectric conversion section 51 to the MEM 54.
[0056] The solid-state imaging device 101 further includes a P type semiconductor region 14 provided along a side
surface of the element separation section 13 between the element separation section 13 and the photoelectric conversion
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section 51. The solid-state imaging device 101 further includes a fixed-charge film 15 provided between the photoelectric
conversion section 51 and the back surface 11B. The fixed-charge film 15 is exposed to the back surface 11B. The
fixed-charge film 15 has negative fixed charges in order to suppress generation of a dark current caused by an interface
state of the back surface 11B, which is the light-receiving surface of the semiconductor substrate 11. An electric field
induced by the fixed-charge film 15 causes a hole accumulation layer to be formed in the vicinity of the back surface
11B of the semiconductor substrate 11. The hole accumulation layers suppress generation of electrons from the back
surface 11B.
[0057] The color filter CF is provided to be in contact with the fixed-charge film 15. The light-receiving lens LNS is
positioned on side opposite to the fixed-charge film 15 as viewed from the color filter CF, and is provided to be in contact
with the color filter CF.

[Method of Manufacturing Solid-State Imaging Device 101]

[0058] Next, description is given, with reference to FIGs. 6A to 6I, of an example of the method of manufacturing the
solid-state imaging device 101. It is to be noted that description is given here mainly of a step of forming the light-shielding
section 12.
[0059] First, as illustrated in FIG. 6A, the semiconductor substrate 11 is prepared, in which the photoelectric conversion
section 51, the P type semiconductor region 14, the fixed-charge film 15, and the etching stopper 17 are formed at
respective predetermined positions, and then a hard mask HM selectively covering the front surface 11A is formed. The
hard mask HM has an opening K at a position where the vertical light-shielding part 12V of the light-shielding section
12 is to be formed, and the hard mask HM includes, for example, an insulating material such as SiN (silicon nitride) and
SiO2 (silicon oxide). It is to be noted that the etching stopper 17 is formed, for example, by forming a trench having a
predetermined depth from the front surface 11A of the semiconductor substrate 11 at a predetermined position, and
then filling the trench with an insulator such as an oxide.
[0060] Next, as illustrated in FIG. 6B, dry etching utilizing the hard mask HM is used to thereby dig down an exposed
part at the opening K of the Si {111} constituting the semiconductor substrate 11, thereby forming a trench 12T at a
position where the vertical light-shielding part 12V is to be formed. The depth of the trench 12T at this time corresponds
to a dimension in the Z-axis direction of the vertical light-shielding part 12V to be formed subsequently. It is to be noted
that, when carrying out wet etching on the semiconductor substrate 11 described later, the etching processing progresses
slightly also in a <111> direction, an thus it is better to adjust the depth of the trench 12T in consideration thereof.
[0061] Subsequently, as illustrated in FIG. 6C, a sidewall SW is formed to cover a side surface and a bottom surface
of the trench 12T. When forming the sidewall SW, for example, an insulating film including SiN, SiO2, or the like is formed
to cover an inner surface of the trench 12T, i.e., a side surface 12TA and a bottom surface 12TB of the trench 12T, and
then only the insulating film covering the bottom surface 12TB of the trench 12T is removed by dry etchback. At this
time, in order for the hard mask HM selectively covering the front surface 11A to remain without being removed by dry
etchback, it is better to use, as a constituent material of the sidewall SW, the one different from the constituent material
of the hard mask HM
[0062] Subsequently, as illustrated in FIG. 6D, the Si {111} constituting the semiconductor substrate 11 is partially
removed by dry etchback to further dig down the bottom surface 12TB of the trench 12T as necessary. At this time, for
example, the bottom surface 12TB is further dug down by a depth corresponding to the thickness of the horizontal light-
shielding part 12H. Also in this case, when carrying out wet etching on the semiconductor substrate 11 described later,
the etching processing progresses slightly also in the <111> direction, and thus it is better to adjust the digging depth
from the bottom surface 12TB of the trench 12T in consideration thereof. It is to be noted that this processing may not
be carried out.
[0063] Next, as illustrated in FIGs. 6E and 6F, a predetermined alkaline aqueous solution is injected into the trench
12T, and wet etching is performed to thereby partially remove the Si {111} constituting the semiconductor substrate 11.
As the alkaline aqueous solution, KOH, NaOH, or CsOH, etc. is applicable for an inorganic solution, and EDP (ethylen-
ediamine pyrocatechol aqueous solution), N2H4 (hydrazine), NH4OH (ammonium hydroxide), or TMAH (tetramethylam-
monium hydroxide), etc. is applicable for an organic solution. Here, crystalline anisotropic etching utilizing properties of
different etching rates is performed depending on the plane orientation of the Si {111}. Specifically, in the Si {111}
substrate, an etching rate of the <110> direction, i.e., a direction with one or two Si backbonds is sufficiently higher than
an etching rate of the <111> direction, i.e., a direction with three Si backbonds. Accordingly, in the present embodiment,
the etching in the X-axis direction progresses, whereas almost no etching progresses in the Y-axis direction and the Z-
axis direction. As a result, a space 12Z, which is surrounded by the first crystal plane 11S1, the second crystal plane
11S2, and the third crystal plane 11S3 and is to be in communication with the trench 12T, is formed inside the semicon-
ductor substrate 11 that is the Si {111} substrate. It is to be noted that the distance of the progress of the etching in the
<110> direction may be adjusted by etching processing time using an alkaline aqueous solution on the semiconductor
substrate 11. However, by providing the etching stopper 17 in advance at a predetermined position as in the present
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embodiment, it is possible to easily control the progress of the etching in the <110> direction, and thus to accurately
secure a region where the Si {111} remains. The progress of the etching in the <110> direction is stopped by the etching
stopper 17, and as a result two third crystal planes 11S3 represented by the plane index {111} extending with the etching
stopper 17 as a base point are formed (see FIG. 5B). It is to be noted that FIG. 5B illustrates a state in which four third
crystal planes 11S3 extending with two etching stoppers 17 as base points form a rhombus in a plan view. The rhombic
region surrounded by the four third crystal planes 11S3 corresponds to the Si-remaining region 22 in which the Si {111}
surrounded by the horizontal light-shielding part 12H of the light-shielding section 12 finally remains. In addition, the
second crystal plane 11S2 (FIG. 5B) is also formed in parallel with the formation of the third crystal plane 11S3.
[0064] After the formation of the space 12Z, the hard mask HM and the sidewall SW are removed, for example, by
wet etching, as illustrated in FIG. 6G. It is to be noted that there may be a case where isotropic dry etching is able to be
used to remove the hard mask HM and the sidewall SW. In the wet etching, in a case where the hard mask HM or the
like includes SiO2, for example, it is better to use a chemical solution containing HF (hydrofluoric acid) such as DHF
(dilute hydrofluoric acid) or BHF (buffered hydrofluoric acid), and in a case where the hard mask HM or the like includes
SiN, it is better to use a chemical solution containing hot phosphoric acid (hot phosphoric acid) or HF. It is to be noted
that the hard mask HM and the sidewall SW may not be removed. Thereafter, the outer layer part 12B is formed using
an insulating material or the like to cover the side surface 12TA of the trench 12T and an inner surface of the space 12Z
as well as the front surface 11A of the semiconductor substrate 11, and further the inner layer part 12A is infilled so as
to fill the trench 12T and the space 12Z. This allows for formation of the light-shielding section 12 including the vertical
light-shielding part 12V that occupies the trench 12T and the horizontal light-shielding part 12H that occupies the space
12Z. It is to be noted that, in order to infill the space 12Z without gap, it is desirable that the width of the trench 12T
(dimension in the X-axis direction) be larger than the thickness of the space 12Z (dimension in the Z-axis direction). In
addition, in a case where the inner layer part 12A is infilled with the above-mentioned metal material at this stage, it is
difficult to perform subsequent processing involving high temperature. Therefore, it is better to temporarily fill the trench
12T and the space 12Z using a temporary filling material having relatively superior heat resistance such as SiO2, SiN,
or polysilicon, and to replace the temporary filling material with a predetermined metal material after the subsequent
step involving high temperature is finished, e.g., after a forming step of the element separation section 13 is finished.
[0065] Subsequently, as illustrated in FIG. 6H, a known method is used to form the TRX 52, the TRM 53, the MEM
54, the TRG 55, and the OFG 57. Thereafter, as illustrated in FIG. 6I, each element separation section 13 is formed at
a boundary position between the sensor pixels 121. Upon the formation of the element separation section 13, a trench
is formed by dry etching from the back surface 11B, for example. At that time, a trench is formed, which has a depth
reaching the horizontal light-shielding part 12H. Thereafter, the trench is infilled with a predetermined material to obtain
the element separation section 13. Finally, the color filter CF and the light-receiving lens LNS are joined in order onto
the back surface 11B to thereby complete the solid-state imaging device 101.

[Workings and Effects of Solid-State Imaging Device 101]

[0066] As described above, in the solid-state imaging device 101 of the present embodiment, the vertical light-shielding
part 12V is provided at a boundary position between the sensor pixels 121. Therefore, it is possible to prevent light
having leaked from one sensor pixel 121 to another adjacent sensor pixel 121 from being incident on the photoelectric
conversion section 51 of the other sensor pixel 121, and thus to prevent generation of a noise such as color mixture.
[0067] In addition, the solid-state imaging device 101 of the present embodiment is provided with the horizontal light-
shielding part 12H positioned between the photoelectric conversion section 51 and the MEM 54 in the thickness direction
and extending along the horizontal plane. Therefore, it is possible to hinder light transmitted through the photoelectric
conversion section 51 without being absorbed by the photoelectric conversion section 51 in each sensor pixel 121 from
being incident on the MEM 54. Thus, it is possible to prevent generation of a noise. This effect appears more remarkably
as time for accumulation of charges in the MEM 54 becomes longer.
[0068] In addition, in the solid-state imaging device 101 of the present embodiment, the horizontal light-shielding part
12H is provided inside the semiconductor substrate 11 that is the Si {111} substrate. The horizontal light-shielding part
12H includes the first plane S1 along the first crystal plane 11S1 and the second plane S2 along the second crystal
plane 11S2 that is inclined relative to the first plane S1. Here, the first crystal plane 11S1 and the second crystal plane
11S2 are each represented by the plane index {111}. Accordingly, the horizontal light-shielding part 12H is easily formable
by crystalline anisotropic etching using an etching solution such as an alkaline aqueous solution and has high dimensional
accuracy. In particular, the solid-state imaging device 101 of the present embodiment is provided with the etching stopper
17 in advance, thus improving controllability during the crystalline anisotropic etching, and thus allowing the horizontal
light-shielding part 12H having still higher dimensional accuracy to be easily obtained.
[0069] In addition, in the solid-state imaging device 101 of the present embodiment, the presence of the horizontal
light-shielding part 12H makes it possible to avoid an influence of an electric field generated in each transistor (e.g.,
TRX 52, etc.) in each of the sensor pixels 121 over the photoelectric conversion section 51. That is, a dark current
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generated by the electric field of each transistor flows into the photoelectric conversion section 51, thus making it possible
to prevent the generation of a noise.
[0070] Further, in the solid-state imaging device 101 of the present embodiment, the Si {111} substrate is used as the
semiconductor substrate 11, and thus channel mobility becomes higher than a case of using an Si (100) substrate, thus
making it possible to expect an improvement in a charge-transfer property.
[0071] In addition, in the method of manufacturing the solid-state imaging device 101 of the present embodiment,
crystalline anisotropic etching is performed using an alkaline aqueous solution on the Si {111} substrate upon the
formation of the light-shielding section 12, thus achieving high controllability. Moreover, no recrystallization occurs, which
becomes an issue in a technique utilizing selective Epi growth or in a method utilizing an SON (Silicon On Nothing)
technique. Thus, it is possible to avoid an adverse effect on an imaging capability.

<2.Second Embodiment>

[Configuration of Solid-State Imaging Device 102]

[0072] FIG. 7 is an enlarged plan view of a partial region of the pixel array section 111 in a solid-state imaging device
102 according to a second embodiment of the present technology, and schematically illustrates configurations of the
four sensor pixels 121A to 121D adjacent to each other. It is to be noted that FIG.7 corresponds to FIG. 5B of the first
embodiment, and mainly indicates a shape of the light-shielding section 12 with a solid line.
[0073] In the solid-state imaging device 101 according to the foregoing first embodiment, the opening 12K is formed
in the horizontal light-shielding part 12H of the light-shielding section 12, and the island-shaped Si-remaining region 22
is provided. Meanwhile, in the solid-state imaging device 102 according to the present embodiment, the light-shielding
section 12 is separated by a band-shaped Si-remaining region 23 extending in the X-axis direction. In addition, the solid-
state imaging device 102 according to the present embodiment includes no etching stopper 17. Except for these points,
the solid-state imaging device 102 has a substantially similar configuration, in other points, to that of the solid-state
imaging device 101 according to the foregoing first embodiment.
[0074] As described above, in the solid-state imaging device 102 according to the present embodiment, it is possible
to form the horizontal light-shielding part 12H in the light-shielding section 12 without using the etching stopper 17, thus
making it possible to simplify the manufacturing process. In addition, an area of the Si-remaining region 23 is larger than
an area of the Si-remaining region 22 of the solid-state imaging device 101 according to the foregoing first embodiment,
thus making it possible to enhance mechanical strength at the time of forming the space 12Z. However, the solid-state
imaging device 101 is more advantageous than the solid-state imaging device 102 in terms of a light-shielding property.

<3.Third Embodiment>

[Configuration of Solid-State Imaging Device 103]

[0075] FIG. 8 is an enlarged plan view of a partial region of the pixel array section 111 in a solid-state imaging device
103 according to a third embodiment of the present technology, and schematically illustrates configurations of the four
sensor pixels 121A to 121D adjacent to each other. It is to be noted that FIG. 8 corresponds to FIG. 5B of the first
embodiment, and mainly indicates shapes of the light-shielding section 12 and a light-shielding section 24 (described
later) with a solid line. In addition, FIG. 9A illustrates a cross-section in a direction of an arrow along a line IXA-IXA
indicated in FIG. 8; FIG. 9B illustrates a cross-section in a direction of an arrow along a line IXB-IXB indicated in FIG.
8; and FIG. 9C illustrates a cross-section in a direction of an arrow along a line IXC-IXC indicated in FIG. 8. It is to be
noted that FIG. 9A to FIG. 9B only illustrate the vicinity of the light-shielding section 24, and descriptions of some of
components are omitted. Further, FIG. 10 is a perspective view schematically illustrating configurations of any two sensor
pixels 121A and 121B adjacent to each other in the solid-state imaging device 103, and corresponds to FIG. 3 of the
first embodiment.
[0076] In the solid-state imaging device 103 of the present embodiment, the light-shielding section 24 is further provided
in addition to the light-shielding section 12. Except for this point, the solid-state imaging device 103 has a substantially
similar configuration, in other points, to that of the solid-state imaging device 102 according to the foregoing second
embodiment.
[0077] The light-shielding section 24 is provided in the Si-remaining region 23 in which the Si {111} remains in the
level in which the light-shielding section 12 is provided. Similarly to the light-shielding section 12, the light-shielding
section 24 includes a horizontal light-shielding part 24H extending along the horizontal plane (XY plane), and a vertical
light-shielding part 24V extending along the YZ plane to be orthogonal to horizontal light-shielding part 24H. As illustrated
in FIG. 10, the vertical light-shielding part 12V is a wall part on the extension of the vertical light-shielding part 12V in
the Y-axis direction, and is provided at a boundary part between the sensor pixels 121 adjacent to each other in the X-
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axis direction in a plan view. In addition, the horizontal light-shielding part 24H is positioned at a deep position distant
from the front surface 11A in the Z-axis direction, i.e., below the vertical terminal section 52V in the Z-axis direction. As
illustrated in FIG. 8, the horizontal light-shielding part 24H extends in the X-axis direction in a band-shaped manner to
occupy a region corresponding to the Si-remaining region 23. Light incident from the back surface 11B and transmitted
through the photoelectric conversion section 51 without being absorbed by the photoelectric conversion section 51 is
reflected at the horizontal light-shielding part 24H of the light-shielding section 24, and is incident on the photoelectric
conversion section 51 again. That is, the horizontal light-shielding part 24H of the light-shielding section 24 also functions
as a reflector similarly to the horizontal light-shielding part 12H, and functions to suppress generation of a noise due to
incidence of light transmitted through the photoelectric conversion section 51 on the MEM 54.
[0078] Further, the horizontal light-shielding part 24H includes a pair of fourth planes S4 and a pair of fifth planes S5.
The pair of fourth planes S4 are each a plane along a fourth crystal plane 11S4 of the semiconductor substrate 11, and
are opposed to each other in the Z-axis direction (see FIG. 9A to FIG. 9C). It is to be noted that the fourth crystal plane
11S4 in the semiconductor substrate 11 is represented by the plane index {111}. In addition, the pair of fifth planes S5
are each a plane along a fifth crystal plane 11S5 of the semiconductor substrate 11, and are positioned at both ends of
the pixel array section 111 in the Y-axis direction (see FIG. 9C). It is to be noted that the fifth crystal plane 11S5 in the
semiconductor substrate 11 is represented by the plane index {111}, and is inclined by about 19.5° relative to the Z-axis
direction. That is, the inclination angle of the fifth crystal plane 11S5 relative to the horizontal plane (XY plane) is, for
example, about 70.5°.
[0079] It is to be noted that an insulating layer 25 is provided around the vertical light-shielding part 12V, and insulating
layers 25 to 27 are provided around the vertical light-shielding part 24V. The insulating layers 25 to 27 are each used
as a mask at the time of process of the light-shielding section 12 and the light-shielding section 24.

[Method of Manufacturing Solid-State Imaging Device 103]

[0080] Here, description is given, with reference to FIGs. 11A to 11D and FIGs. 12A to 12D, of steps of forming the
light-shielding section 12 and the light-shielding section 24. FIGs. 11A to 11D are each a cross-sectional view of a main
part of a step of forming the light-shielding section 12, and correspond to FIG. 9A. FIGs. 12A to 12D are each a cross-
sectional view of a main part of a step of forming the light-shielding section 24, and correspond to FIG. 9B.
[0081] First, as illustrated in FIGs. 11A and 12A, similarly to the solid-state imaging device 101 of the first embodiment,
the trench 12T is formed at a position where the vertical light-shielding part 12V is to be formed, and a trench 24T is
formed at a position where the vertical light-shielding part 24V is to be formed. At that time, the insulating layer 25 is
selectively formed, as a film, to cover the front surface 11A, and thereafter the insulating layer 25 is used as a hard mask
to partially remove the Si {111} constituting the semiconductor substrate 11 by dry etchback. The depth of the trench
12T at this time corresponds to a dimension in the Z-axis direction of the vertical light-shielding part 12V formed subse-
quently. Next, the insulating layer 25 is further formed to cover the side surface 12TA and the bottom surface 12TB of
the trench 12T as well as a side surface 24TA and a bottom surface 24TB of the trench 24T. Thereafter, the dry etchback
is used to remove only parts, of the insulating layer 25, that cover the bottom surfaces 12TB and 24TB.
[0082] Subsequently, as illustrated in FIGs. 11B and 12B, the Si {111} constituting the semiconductor substrate 11 is
partially removed by dry etchback to further dig down each of the bottom surface 12TB of the trench 12T and the bottom
surface 24TB of the trench 24T. Thereafter, the insulating layer 26 is formed all over to fill the trench 12T and the trench
24T, followed by formation of a resist mask RM by means of a photolithography method to selectively cover a part, of
the insulating layer 26, that fills the trench 12T (FIG. 11B). Thereafter, the dry etchback is used to partially remove the
insulating layer 26, which fills the trench 24T, not covered by the resist mask RM This allows only a part, of the insulating
layer 26, covering the side surface 24TA of the trench 24T to remain, leading to a state where the Si {111} is exposed
to the bottom surface 24TB of the trench 24T (FIG. 11A). It is to be noted that the insulating layer 25 and the insulating
layer 26 each include an insulating material such as SiO2 or SiN. However, it is desirable that the insulating layer 25
and the insulating layer 26 include materials different from each other.
[0083] Subsequently, as illustrated in FIG. 12C, the resist mask RM is removed. Thereafter, as illustrated in FIG. 11C,
the dry etchback is used to further dig down the Si {111} exposed to the bottom surface 24TB of the trench 24T uncovered
by the insulating layer 26. Thereafter, a CVD method is adopted to further form the insulating layer 27 using, for example,
the same material as that of the insulating layer 25, and the dry etchback is used to remove the insulating layer 27
covering the bottom surface TB.
[0084] Subsequently, as illustrated in FIG. 12D, the Si {111} exposed to the bottom surface 24TB of the trench 24T
is subjected to crystalline anisotropic etching using an alkaline aqueous solution similarly to the foregoing first embodiment
to thereby form a space 24Z. Next, as illustrated in FIG. 11D, the insulating layer 26 filling the trench 12T is dissolved
and removed by phosphoric acid or the like, for example, and then is subjected to crystalline anisotropic etching using
an alkaline aqueous solution to thereby form the space 12Z.
[0085] Thereafter, the outer layer part 12B is formed using an insulating material or the like to cover the insulating
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layer 25 and an inner surface of the space 12Z, and further the inner layer part 12A is infilled so as to fill the trench 12T
and the space 12Z. This allows for formation of the light-shielding section 12 including the vertical light-shielding part
12V that occupies the trench 12T and the horizontal light-shielding part 12H that occupies the space 12Z. Similarly, an
outer layer 24B is formed using an insulating material or the like to cover the insulating layer 27 and the inner surface
of the space 24Z, and further an inner layer 24A is infilled so as to fill the trench 24T and the space 24Z. This allows for
formation of the light-shielding section 24 including the vertical light-shielding part 24V that occupies the trench 24T and
the horizontal light-shielding part 24H that occupies the space 24Z.

[Workings and Effects of Solid-State Imaging Device 103]

[0086] As described above, in the solid-state imaging device 103 of the present embodiment, the additional light-
shielding section 24 is further provided in a region overlapping the Si-remaining region 23 where no horizontal light-
shielding part 12H of the light-shielding section 12 is formed in a plan view. Therefore, it is possible to further hinder
light transmitted through the photoelectric conversion section 51 without being absorbed by the photoelectric conversion
section 51 in each sensor pixel 121 from being incident on the MEM 54. Thus, it is possible to further prevent generation
of a noise.

<4. Fourth Embodiment>

[Configuration of Solid-State Imaging Device 104]

[0087] FIG. 13 is an enlarged cross-sectional view of a partial region of the pixel array section 111 in a solid-state
imaging device 104 according to a fourth embodiment of the present technology. It is to be noted that, FIG. 13 corresponds
to FIG. 4A of the first embodiment, and mainly illustrates a structure of the sensor pixel 121A.
[0088] The solid-state imaging device 101, etc. of the first embodiment includes the element separation section 13
formed from the back surface 11B. Meanwhile, in the solid-state imaging device 104 of the present embodiment, a light-
shielding section and an element separation section are integrated. That is, the solid-state imaging device 104 is provided
with a light-shielding section 31 including a vertical light-shielding part 31V extending in the Z-axis direction from the
front surface 11A of the semiconductor substrate 11 up to the back surface 11B thereof and a horizontal light-shielding
part 31H extending in a horizontal plane to be orthogonal to the vertical light-shielding part 31V. The light-shielding
section 31 has a two-layer structure of an inner layer part 31A and an outer layer part 31B surrounding the periphery
thereof. The inner layer part 31A and the outer layer part 31B are configured by, for example, the same type of materials
as those of the inner layer part 12A and the outer layer part 12B, respectively. Further, a solid-phase diffusion layer 19
including a P type region and an N type region is formed around the light-shielding section 31.

[Method of Manufacturing Solid-State Imaging Device 104]

[0089] Here, description is given, with reference to FIGs. 14A to 14H, of steps of forming the light-shielding section
31 and the solid-phase diffusion layer 19. FIGs. 14A to 14H are each a cross-sectional view of a main part of a step of
forming the light-shielding section 31 and the solid-phase diffusion layer 19, and correspond to FIG. 13.
[0090] First, as illustrated in FIG. 14A, similarly to the solid-state imaging device 103 of the third embodiment, a trench
31T (31T1) is formed at a position where the vertical light-shielding part 31V is to be formed. At that time, an insulating
layer 32 is selectively formed, as a film, using SiO2 or the like to cover the front surface 11A, and thereafter the insulating
layer 32 is used as a hard mask to partially remove the Si {111} constituting the semiconductor substrate 11 by dry
etchback. The depth of the trench 31T1 at this time corresponds to a dimension in the Z-axis direction of a part, of the
vertical light-shielding part 31V formed subsequently, above the horizontal light-shielding part 31H. Next, the insulating
layer 32 is further formed to cover a side surface 31TA and a bottom surface 31TB of the trench 31T1. Thereafter, the
dry etchback is used to remove only a part, of the insulating layer 32, covering the bottom surface 31TB.
[0091] Subsequently, as illustrated in FIG. 14B, the Si {111} constituting the semiconductor substrate 11 is partially
removed by dry etchback to further dig down the bottom surface 31TB of the trench 31T1. Thereafter, an insulating layer
33 is formed all over using SiN, for example, to fill the trench 31T1, and then the dry etchback is used to partially remove
the insulating layer 33 filling the trench 31T1. This allows only a part, of the insulating layer 33, covering the side surface
31TA of the trench 31T1 to remain, leading to a state where the Si {111} is exposed to the bottom surface 31TB of the
trench 31T1 (FIG. 14B).
[0092] Subsequently, as illustrated in FIG. 14C, the Si {111} constituting the semiconductor substrate 11 is partially
removed by dry etchback to further dig down the bottom surface 31TB of the trench 31T1. This allows for formation,
below the trench 31T1, of a trench 31T2 to be in communication with the trench 31T1. The Si {111} is exposed to a side
surface and a bottom surface of the trench 31T2. Thereafter, the Si {111} exposed to the side surface and the bottom
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surface of the trench 31T2 is heated and thermally oxidized to thereby form an insulating layer 34 including SiO2 or the
like covering the side surface and the bottom surface of the trench 31T2. Further, only a part, of the insulating layer 33,
covering the side surface 31TA is dissolved and removed by phosphoric acid or the like, for example. As a result, the
Si {111} is exposed to a gap between the insulating layer 32 and the insulating layer 34.
[0093] Subsequently, as illustrated in FIG. 14D, the Si {111} exposed to the gap between the insulating layer 32 and
the insulating layer 34 is subjected to crystalline anisotropic etching using an alkaline aqueous solution to thereby form
a space 31Z. Thereafter, the insulating layer 32 and the insulating layer 34 are removed.
[0094] Next, as illustrated in FIG. 14E, an insulating layer 35 such as an SiO2 film containing, for example, P (phos-
phorus), which is an N type impurity element, is formed to cover inner surfaces of the trenches 31T1 and 31T2 and an
inner surfaces of the space 31Z. Thereafter, the P (phosphorus) contained in the insulating layer 35 is solid-phase
diffused by heat treatment to the inner surfaces of the trenches 31T1 and 31T2 and the inner surface of the space 31Z
in the semiconductor substrate 11.
[0095] Further, as illustrated in FIG. 14F, after removing the insulating layer 35, the heat treatment is performed again
to diffuse the P (phosphorus) into the inside of the semiconductor substrate 11, thus forming an N type region 19A.
[0096] Next, as illustrated in FIG. 14G, an insulating layer 36 such as an SiO2 film containing B (boron), which is a P
type impurity element, is formed to cover the N type region 19A. Thereafter, the heat treatment is used to solid-phase
diffuse the B (boron) contained in the insulating layer 36 toward the inner surfaces of the trenches 31T1 and 31T2 and
the inner surface of the space 31Z. As a result, as illustrated in FIG. 14H, it becomes possible to form a P type region
19B inside the N type region 19A, thus allowing the solid-phase diffusion layer 19 to be obtained.
[0097] Subsequently, the outer layer part 31B and the inner layer part 31A are sequentially formed to fill the trenches
31T1 and 31T2 and the space 31Z covered with the solid-phase diffusion layer 19, thereby forming the light-shielding
section 31.

[Workings and Effects of Solid-State Imaging Device 104]

[0098] As described above, the solid-state imaging device 104 of the present embodiment includes the light-shielding
section 31 that shields the MEM 54 from light and also functions as an element separation section separating photoelectric
conversion sections 51 adjacent to each other, thus allowing for simplification of the structure and the manufacturing
process. Further, the solid-state imaging device 104 is provided with the solid-phase diffusion layer 19 including a p-n
junction around the light-shielding section 31 extending from the front surface 11A up to the back surface 11B, thus
making it possible to expect an improvement in a pixel capacity Qs.

<5. Modification of Fourth Embodiment>

[Configuration of Solid-State Imaging Device 104A]

[0099] FIG. 15 is an enlarged plan view of a partial region of the pixel array section 111 in a solid-state imaging device
104A as a modification example of the fourth embodiment, and schematically illustrates configurations of the four sensor
pixels 121A to 121D adjacent to each other. It is to be noted that FIG. 15 corresponds to FIG. 5B of the first embodiment,
and mainly indicates a shape of the light-shielding section 31 with a solid line.
[0100] The solid-state imaging device 104A as the present modification example includes the band-shaped Si-remain-
ing region 23 as in the solid-state imaging device 102 illustrated in FIG. 7. In the solid-state imaging device 104A, only
the vertical light-shielding part 31V, of the light-shielding section 31, is provided in the band-shaped Si-remaining region
23, whereas no horizontal light-shielding part 31H extending in a horizontal plane is present in the band-shaped Si-
remaining region 23. Except for this point, the solid-state imaging device 104A has substantially the same configuration,
in other points, as that of the solid-state imaging device 104 as the foregoing fourth embodiment.

[Method of Manufacturing Solid-State Imaging Device 104A]

[0101] Here, description is given, with reference to FIGs. 16A to 16D, of a method of forming the light-shielding section
31 including only the vertical light-shielding part 31V in the band-shaped Si-remaining region 23. FIGs. 16A to 16D are
each a cross-sectional view corresponding to a cross-section in a direction of an arrow along a line XVI-XVI indicated
in FIG. 15. The method of forming the light-shielding section 31 to be formed on a region other than the band-shaped
Si-remaining region 23 is similar to that in the foregoing fourth embodiment, and thus the description thereof is omitted.
[0102] First, as illustrated in FIG. 16A, similarly to the solid-state imaging device 104 of the fourth embodiment, the
trench 31T (31T1) is formed at a position where the vertical light-shielding part 31V is to be formed. At that time, an
insulating layer 32 is selectively formed, as a film, using SiO2 or the like to cover the front surface 11A, and thereafter
the insulating layer 32 is used as a hard mask to partially remove the Si {111} constituting the semiconductor substrate
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11 by dry etchback. The depth of the trench 31T1 at this time corresponds to a dimension in the Z-axis direction of a
part, of the vertical light-shielding part 31V formed subsequently, above the horizontal light-shielding part 31H. Next, the
insulating layer 32 is further formed to cover the side surface 31TA and the bottom surface 31TB of the trench 31T1.
Thereafter, the dry etchback is used to remove only a part, of the insulating layer 32, covering the bottom surface 31TB.
[0103] Subsequently, in the trench 31T1 of a region other than the band-shaped Si-remaining region 23, as illustrated
in FIG. 14B, an operation is performed, in which the Si {111} constituting the semiconductor substrate 11 is partially
removed by dry etchback to further dig down the bottom surface 31TB of the trench 31T1. At this time, the trench 31T1
of the band-shaped Si-remaining region 23 is selectively protected by a resist mask not to allow the bottom surface 31TB
of the trench 31T1 to be dug down. After removing the resist mask, as illustrated in FIG. 16B, the insulating layer 33 is
formed all over using SiN, for example, to fill the trench 31T1, and then the dry etchback is used to partially remove the
insulating layer 33 filling the trench 31T1. This allows only a part, of the insulating layer 33, covering the side surface
31TA of the trench 31T1 to remain, leading to a state where the Si {111} is exposed to the bottom surface 31TB of the
trench 31T1 (FIG. 16B).
[0104] Subsequently, as illustrated in FIG. 16C, the Si {111} constituting the semiconductor substrate 11 is partially
removed by dry etchback to further dig down the bottom surface 31TB of the trench 31T1. This allows for formation,
below the trench 31T1, of the trench 31T2 to be in communication with the trench 31T1. The Si {111} is exposed to a
side surface and a bottom surface of the trench 31T2. Thereafter, the Si {111} exposed to the side surface and the
bottom surface of the trench 31T2 is heated and thermally oxidized to thereby form the insulating layer 34 including SiO2
or the like covering the side surface and the bottom surface of the trench 31T2. Further, only a part, of the insulating
layer 33, covering the side surface 31TA is dissolved and removed by phosphoric acid or the like, for example. As a
result, as illustrated in FIG. 16D, a series of the trenches 31T appears which is covered with the insulating layers 32 to
34 without gap. It is to be noted that even in a case where a step difference is generated at a joint portion between a
trench T1 and a trench T2, the thickness of the insulating layer 34 is appropriately adjusted, thereby making it possible
to avoid exposure of the Si {111} to the gap between the insulating layer 32 and the insulating layer 34.
[0105] Thereafter, in the trench 31T1 of a region other than the band-shaped Si-remaining region 23, as illustrated in
FIG. 14D, the space 31Z is formed by carrying out crystalline anisotropic etching using an alkaline aqueous solution.
However, the Si {111} is not exposed in the band-shaped Si-remaining region 23, and thus the Si {111} is not etched.
Further, sequentially performing the steps of FIGs. 14E to 14H completes the formation of the light-shielding section 31
including only the vertical light-shielding part 31V without including the horizontal light-shielding part 31H in the band-
shaped Si-remaining region 23.

[Workings and Effects of Solid-State Imaging Device 104A]

[0106] As described above, according to the solid-state imaging device 104A as the present modification example,
an area of the Si-remaining region 23 is larger than an area of the Si-remaining region 22 of the solid-state imaging
device 101 according to the foregoing first embodiment, thus making it possible to enhance mechanical strength at the
time of forming the space 31Z. In addition, according to the method of manufacturing the solid-state imaging device
104A, it is possible to achieve the manufacture of the solid-state imaging device 104A.

<6. Fifth Embodiment>

[Configuration of Solid-State Imaging Device 105]

[0107] FIG. 17 is a perspective view schematically illustrating some of configurations of any two sensor pixels 121A
and 121B adjacent to each other in a solid-state imaging device 105 according to a fifth embodiment of the present
technology, and corresponds to FIG. 3 of the first embodiment. In addition, FIG. 18 illustrates a cross-sectional config-
uration of the solid-state imaging device 105.
[0108] The solid-state imaging device 105 has a three-dimensional structure in which three substrates, i.e., a first
substrate BP1, a second substrate BP2, and a third substrate BP3 are stacked in order. The first substrate BP1 is
provided with a plurality of sensor pixels 121 in the semiconductor substrate 11. The second substrate BP2 includes a
semiconductor substrate 81 including a readout circuit CR2, an insulating layer 82 embedding the semiconductor sub-
strate 81 and joined to the first substrate BP1, and a wiring layer 83 joined to the third substrate BP3. The second
substrate BP2 further includes a through wiring line 84 coupling together the wiring layer 83 and the FD 56 in the sensor
pixel 121 of the first substrate BP1. The readout circuit CR2 outputs a pixel signal based on charges outputted from the
sensor pixel 121. A plurality of pixel drive lines 122 and a plurality of vertical signal lines 123 are formed in the wiring
layer 83. The third substrate BP3 includes a semiconductor substrate 61 including a logic circuit CR3, a wiring layer 63
joined to the wiring layer 83 of the second substrate BP2, and an insulating layer 62 provided between the semiconductor
substrate 61 and the wiring layer 63. The logic circuit CR3 includes, for example, the vertical drive section 112, the ramp
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wave module 113, the column signal processing section 114, the clock module 115, the data storage section 116, the
horizontal drive section 117, the system control section 118, and the signal processing section 119, etc.
[0109] The sensor pixel 121 in the solid-state imaging device 105 includes a light-shielding section 72 instead of the
light-shielding section 12, and includes an element separation section 73 instead of the element separation section 13.
Except for these points, the sensor pixel 121 in the solid-state imaging device 105 have substantially the same config-
uration, in other points, as that of the sensor pixel 121 in the solid-state imaging device 101.
[0110] The light-shielding section 72 has, for example, a two-layer structure of an inner layer part 72A and an outer
layer part 72B surrounding the periphery thereof. Similarly to the inner layer part 12A, the inner layer part 72A includes,
for example, a material having a light-shielding property including at least one of a single metal, a metal alloy, a metal
nitride, or a metal silicide. The outer layer part 72B is a solid-phase diffusion layer including a p-n junction between a P
type region and an N type region, similarly to the solid-phase diffusion layer 19. In addition, similarly to the light-shielding
section 12, the light-shielding section 72 includes a horizontal light-shielding part 72H provided on side opposite to the
back surface 11B as viewed from the photoelectric conversion section 51 and extending along the horizontal plane, and
a vertical light-shielding part 72V extending along the YZ plane to be orthogonal to the horizontal light-shielding part
72H. The horizontal light-shielding part 72H functions as a reflector, and functions to suppress generation of a noise
due to incidence of light transmitted through the photoelectric conversion section 51 on the MEM 54. In addition, the
vertical light-shielding part 72V functions to prevent generation of a noise such as color mixture due to incidence of
leakage light from a neighboring sensor pixel 121 on the photoelectric conversion section 51. The horizontal light-
shielding part 72H is provided with an opening 72K to be penetrated by the vertical terminal section 52V.
[0111] The element separation section 73 is a wall-like member extending in the Z-axis direction to penetrate the
semiconductor substrate 11 at a boundary position between the sensor pixels 121 adjacent to each other and surrounding
each photoelectric conversion section 51. The element separation section 73 allows the sensor pixels 121 adjacent to
each other to be electrically separated. It is to be noted that, in FIGs. 17 and 18, among the element separation sections
73, the one provided at a position corresponding to the vertical light-shielding part 72V in the Z-axis direction is denoted
by an element separation section 73A, whereas the one including a portion at a position corresponding to the opening
72K in the Z-axis direction is denoted by an element separation section 73B. The element separation section 73B includes
a horizontal light-shielding part 73H overlapping a region corresponding to the opening 72K in the Z-axis direction.

[Method of Manufacturing Solid-State Imaging Device 105]

[0112] Next, description is given, with reference to FIGs. 19A to 19D, of a method of manufacturing the solid-state
imaging device 105. FIGs. 19A to 19D are each a cross-sectional view of a step of manufacturing the solid-state imaging
device 105, and correspond to FIG. 18.
[0113] First, as illustrated in FIG. 19A, the semiconductor substrate 11 is prepared, in which the photoelectric conversion
section 51, the P type semiconductor region 14, the fixed-charge film 15, and the etching stopper 17 are formed at
respective predetermined positions. Thereafter, the light-shielding section 72 is formed similarly to the light-shielding
section 12 of the solid-state imaging device 101 of the foregoing first embodiment. However, the inner layer part 72A is
formed by a temporary filling material such as polysilicon. In addition, the outer layer part 72B, which is a solid-phase
diffusion layer, is formed similarly to the solid-phase diffusion layer 19 in the solid-state imaging device 104 of the
foregoing fourth embodiment.
[0114] Next, as illustrated in FIG. 19B, the TRX 52, the TRM 53, the MEM 54, the TRG 55, and the OFG 57 are formed
using a known method on the front surface 11A of the semiconductor substrate 11, and an insulating layer 82A that
covers the TRX 52, the TRM 53, the MEM 54, the TRG 55, and the OFG 57. Thereafter, a second substrate lower part
BP2-1 including an insulating layer 82B in which the semiconductor substrate 81 including the readout circuit CR2 is
embedded is joined to an upper surface of the insulating layer 82A. The insulating layer 82A and the insulating layer
82B are joined to form the insulating layer 82. Thereafter, the through wiring line 84 is further formed to penetrate the
second substrate lower part BP2-1.
[0115] Next, as illustrated in FIG. 19C, the wiring layer 83 is formed on the second substrate lower part BP2-1. This
leads to a state where the second substrate BP2 is provided on the first substrate BP1. Thereafter, the semiconductor
substrate 11 is thinned from side of the back surface 11B.
[0116] Next, as illustrated in FIG. 19D, the third substrate BP3 is prepared, and the wiring layer 83 of the second
substrate BP2 and the wiring layer 63 of the third substrate BP3 are joined to face each other.
[0117] Thereafter, the element separation section 73 is formed from side of the back surface 11B. Specifically, first,
as illustrated in FIG. 19D, a long hole K73A and a long hole K73B both extending in the Z-axis direction are formed by
digging down the semiconductor substrate 11 from the side of the back surface 11B at positions where the element
separation section 73A and the element separation section 73B are to be formed, respectively. At this time, the long
hole K73A is formed to reach the light-shielding section 72. Subsequently, the temporary filling material filled as the
inner layer part 72A is removed, followed by refilling of a material having a light-shielding property including at least one
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of a single metal, a metal alloy, a metal nitride, or a metal silicide, thereby forming the element separation section 73A.
Meanwhile, a method similar to that of the horizontal light-shielding part 72H, i.e., crystalline anisotropic etching using
an etching solution such as an alkaline aqueous solution is adopted to form a space 73Z for formation of the horizontal
light-shielding part 73H of the element separation section 73B. Thereafter, the long hole K73B and the space 73Z are
filled with the material having a light-shielding property including at least one of a single metal, a metal alloy, a metal
nitride, or a metal silicide to thereby form the element separation section 73B including the horizontal light-shielding part
73H. Note that it is desirable to simultaneously perform the formation of the long hole K73A and the formation of the
long hole K73B, and then to simultaneously perform the above-described refilling of the long hole K73A with the material
having the light-shielding property and the above-described filling of the long hole K73B and the space 73Z with the
material having the light-shielding property. However, the formation of the long hole K73A and the formation of the long
hole K73B may be performed separately, or the refilling operation of the long hole K73A and the filling operation of the
long hole K73B may be performed separately. Finally, the color filter CF and the light-receiving lens LNS are joined in
order onto the back surface 11B to thereby complete the solid-state imaging device 105.

[Workings and Effects of Solid-State Imaging Device 105]

[0118] As described above, it is possible, in the solid-state imaging device 105, to form the second substrate BP2
including the readout circuit CR2 and the third substrate BP3 including the logic circuit CR3 separately from the first
substrate BP1 including the sensor pixel 121, and then to stack the first to third substrates BP1 to BP3. Therefore, a
general-purpose product may be used as the readout circuit CR2 or the logic circuit CR3, thus making it possible to
enhance the degree of freedom in designing and to expect suppression of manufacturing costs.
[0119] In addition, in the solid-state imaging device 105, the element separation section 73 is also provided with the
horizontal light-shielding part 73H. This further enhance the light-shielding property for the MEM 54 and the FD 56. In
addition, the mechanical strength is also improved. Further, it is considered that charges are transferred more smoothly
as compared with the configuration in which two light-shielding sections 12 and 24 are provided as in the solid-state
imaging device 103 of the foregoing third embodiment.

<7. Sixth Embodiment>

[Configuration of Solid-State Imaging Device 106]

[0120] FIG. 20 is a perspective view schematically illustrating configurations of any two sensor pixels 121A and 121B
adjacent to each other in a solid-state imaging device 106 according to a sixth embodiment of the present technology.
FIG. 21 schematically illustrates cross-sectional configurations of the sensor pixels 121A and 121B.
[0121] In the solid-state imaging device 101 of the first embodiment, the vertical light-shielding part 12V and the
horizontal light-shielding part 12H constituting the light-shielding section 12 are formed by etching from the front surface
11A of the semiconductor substrate 11. In contrast, in the solid-state imaging device 106 according to the present
embodiment, a horizontal light-shielding part and an element separation section are integrated by etching from the back
surface 11B of the semiconductor substrate 11. In addition, the solid-state imaging device 106 according to the present
embodiment includes no horizontal light-shielding part 12H. That is, the solid-state imaging device 106 is provided with
a light-shielding section 91 including a vertical light-shielding part 91V corresponding to the element separation section
13 of the foregoing first embodiment, and a horizontal light-shielding part 91H extending in a horizontal plane to be
orthogonal to the vertical light-shielding part 91V. Similarly to the light-shielding section 31 of the foregoing fourth em-
bodiment, the light-shielding section 91 has a two-layer structure of an inner layer part 91A and an outer layer part 91B
surrounding the periphery thereof. The inner layer part 91A and the outer layer part 91B are configured by, for example,
the same type of materials as those of the inner layer part 12A and the outer layer part 12B, respectively. Further, the
solid-phase diffusion layer 19 including a P type region and an N type region is formed around the light-shielding section
91. Except for these points, the solid-state imaging device 106 has a substantially similar configuration, in other points,
to that of the solid-state imaging device 101 according to the foregoing first embodiment.

[Method of Manufacturing Solid-State Imaging Device 106]

[0122] Next, description is given, with reference to FIGs. 22A to 22F, of an example of a method of manufacturing the
solid-state imaging device 106.
[0123] First, as illustrated in FIG. 22A, the semiconductor substrate 11 is prepared in which the etching stopper 17,
the photoelectric conversion section 51, and the fixed-charge film 15 are each formed, and thereafter an insulating layer
94 is formed as the hard mask HM selectively covering the back surface 11B of the semiconductor substrate 11.
[0124] Next, as illustrated in FIG. 22B, there are formed trenches 13T and 91T at positions where the vertical light-
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shielding part 91V and the element separation section 13 are to be formed, a space 91Z to be in communication with
the trench 91T, and the solid-phase diffusion layer 19 including an N type region on outer side and a P type region on
inner side. At that time, first, similarly to the trench 12T and the space 12Z in the first embodiment, the trench 91T and
the space 91Z are formed from the back surface 11B, and then the trench 13T is formed. Thereafter, the solid-phase
diffusion layer 19 is formed similarly to the solid-state imaging device 104 of the fourth embodiment.
[0125] Subsequently, as illustrated in FIG. 22C, after temporarily filling the trenches 13T and 91T and the space 91Z,
the back surface 11B of the semiconductor substrate 11 is joined to a temporary substrate 96, with an insulating layer
95 interposed therebetween, and the front surface 11A of the semiconductor substrate 11 is thinned. At that time, a
material having relatively superior heat resistance, such as SiO2, SiN, or polysilicone is used to temporarily fill the
trenches 13T and 91T and the space 91Z.
[0126] Next, as illustrated in FIG. 22D, the TRX 52, the TRM 53, the MEM 54, the TRG 55, and the OFG 57 are formed
using a known method. Then, after removing the temporary substrate 96 and the insulating layer 95 as illustrated in FIG.
22E, the temporary filling materials in the trenches 13T and 91T and the space 91Z are removed as illustrated in FIG.
22F, and the outer layer part 91B and the inner layer part 91A are formed sequentially to fill the trenches 13T and 91T
and the space 91Z. This allows for formation of the element separation section 13 (13B) and the light-shielding section
91. Finally, the color filter CF and the light-receiving lens LNS are joined in order onto the back surface 11B to thereby
complete the solid-state imaging device 106.

[Workings and Effects of Solid-State Imaging Device 106]

[0127] As described above, the solid-state imaging device 106 of the present embodiment is provided with the light-
shielding section 91 including the vertical light-shielding part 91V also serving as the element separation section 13 and
the horizontal light-shielding part 91H, without being provided with the vertical light-shielding part 12V in the first em-
bodiment, etc. Therefore, it is possible to improve the degree of freedom in layout on the side of the front surface 11A
of the semiconductor substrate 11. As an example, it is possible to expand a region for forming the charge-holding
section (MEM) 54, by the region for the vertical light-shielding part 12V.
[0128] It is to be noted that the light-shielding section 91 of the present embodiment is formable by providing, prior to
FEOL (Front End of Line), the trench 91T (91T and 93T) also serving as an element separation section and the space
91Z to be in communication with the trench 91T by means of etching from the back surface 11B of the semiconductor
substrate 11.
[0129] In addition, the solid-state imaging device 106 of the present embodiment is provided with the solid-phase
diffusion layer 19 including a p-n junction around the light-shielding section 91, thus making it possible to expect an
improvement in the pixel capacity Qs.

<8. Modification Example of Sixth Embodiment>

[Configuration of Solid-State Imaging Device 106A]

[0130] FIG. 23 schematically illustrates cross-sectional configurations of any two sensor pixels 121A and 121B adjacent
to each other in a solid-state imaging device 106A as a modification example of the sixth embodiment.
[0131] The solid-state imaging device 106A as the present modification example further includes a light-shielding
section 93 in addition to the light-shielding section 91, as in the solid-state imaging device 103 illustrated in FIG. 9C and
FIG. 10. Except for this point, the solid-state imaging device 106A has a substantially similar configuration, in other
points, to the solid-state imaging device 106 according to the foregoing sixth embodiment. It is to be noted that FIG. 23
illustrates a cross-section of the solid-state imaging device 106A corresponding to a direction of an arrow along a line
IXC-IXC indicated in FIG. 8.
[0132] Similarly to the light-shielding section 24 in the solid-state imaging device 103 of the foregoing third embodiment,
the light-shielding section 93 is provided at least in the Si-remaining region 23 (see FIG. 7) in which the Si {111} remains
in an opening where the horizontal light-shielding part 91H of the light-shielding section 91 is provided. Similarly to the
horizontal light-shielding part 91H, the light-shielding section 93 extends along the horizontal plane (XY plane), and is
orthogonal to the element separation section 13 in the present embodiment.

[Method of Manufacturing Solid-State Imaging Device 106A]

[0133] Next, description is given, with reference to FIGs. 24A to 24D, of an example of a method of manufacturing the
solid-state imaging device 106A.
[0134] First, similarly to the sixth embodiment, the semiconductor substrate 11 is prepared, in which the etching stopper
17, the photoelectric conversion section 51, and the fixed-charge film 15 are each formed. Thereafter, as illustrated in
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FIG. 24A, there are formed the trenches 13T and 91T, spaces 93AZ and 91Z to be in communication with, respectively,
the trenches 13T and 91T, and the solid-phase diffusion layer 19 including an N type region on outer side and a P type
region on inner side. At that time, the trench 13T as well as the space 93Z to be in communication with the trench 93T
and the trench 91T as well as the space 91Z to be in communication with the trench 91T are formed separately from
each other. The trench 13T and the space 93Z to be in communication with the trench 13T may be formed similarly to
the fourth embodiment, for example.
[0135] Next, as illustrated in FIG. 24B, after temporarily filling the trenches 13T and 91T and spaces 91Z and 93Z,
the back surface 11B of the semiconductor substrate 11 is joined to the temporary substrate 96, with the insulating layer
95 interposed therebetween, and the front surface 11A of the semiconductor substrate 11 is thinned. Subsequently, the
TRX 52, the TRM 53, the MEM 54, the TRG 55, and the OFG 57 are formed using a known method, as illustrated in
FIG. 24C. Thereafter, the temporary substrate 96 and the insulating layer 95 are removed, and then, as illustrated in
FIG. 24D, the temporary filling materials in the trenches 13T and 91T and the spaces 91Z and 93Z are removed, and
the outer layer part 91B and inner layer part 91A are sequentially formed. This allows for formation of the element
separation section 13 (13B) and the light-shielding sections 91 and 93H. Finally, the color filter CF and the light-receiving
lens LNS are sequentially joined onto the back surface 11B to thereby complete the solid-state imaging device 106A.

[Workings and Effects of Solid-State Imaging Device 106A]

[0136] As described above, in the solid-state imaging device 106A as the present modification example, the additional
light-shielding section 93 is further provided in a region, which overlaps the Si-remaining region 23, where no horizontal
light-shielding part 91H of the light-shielding section 91 is formed in a plan view. Therefore, in addition to the effects of
the sixth embodiment, it is possible to further hinder light transmitted through the photoelectric conversion section 51
without being absorbed by the photoelectric conversion section 51 in each sensor pixel 121 from being incident on the
MEM 54. Thus, it is possible to further prevent generation of a noise.

<9. Modification Example of Sixth Embodiment>

[Configuration of Solid-State Imaging Device 106B]

[0137] FIG. 25 schematically illustrates cross-sectional configurations of any two sensor pixels 121A and 121B adjacent
to each other in a solid-state imaging device 106B as a modification example of the sixth embodiment.
[0138] The solid-state imaging device 106B as the present modification example is further provided with a light-shielding
section 92 orthogonal to the horizontal light-shielding part 91H on the side of the front surface 11A of the semiconductor
substrate 11. Except for this point, the solid-state imaging device 106B has a substantially similar configuration, in other
points, to the solid-state imaging device 106 according to the foregoing sixth embodiment.
[0139] The light-shielding section 92 extends from the front surface 11A of the semiconductor substrate 11 toward the
back surface 11B thereof, and is in contact with the horizontal light-shielding part 91H of the light-shielding section 91,
and is integrated with the light-shielding section 91. That is, similarly to the solid-state imaging device 104 of the fourth
embodiment, the solid-state imaging device 106B of the present embodiment is provided with a light-shielding section
including the horizontal light-shielding part (91V and 92) extending in the Z-axis direction from the front surface 11A of
the semiconductor substrate 11 up to the back surface 11B thereof and the horizontal light-shielding part 91H extending
in a horizontal plane to be orthogonal to the vertical light-shielding part (e.g., 91V). A solid-phase diffusion layer 99
including a P type region and an N type region is formed around the light-shielding section 92. The solid-phase diffusion
layer 99 may have a configuration similar to that of the solid-phase diffusion layer 19, or may have a configuration having
an impurity concentration and containing impurities different from those of the solid-phase diffusion layer 19.

[Method of Manufacturing Solid-State Imaging Device 106B]

[0140] Next, description is given, with reference to FIGs. 26A to 26C, of an example of a method of manufacturing the
solid-state imaging device 106B.
[0141] First, similarly to the sixth embodiment, after temporarily filling the trenches 13T and 91T and the space 91Z,
the back surface 11B of the semiconductor substrate 11 is joined to the temporary substrate 96, with the insulating layer
95 interposed therebetween, and the front surface 11A of the semiconductor substrate 11 is thinned.
[0142] Subsequently, as illustrated in FIG. 26A, the hard mask HM selectively covering the front surface 11A of the
semiconductor substrate 11 is formed, and thereafter a trench 92T is formed at a position where the vertical light-shielding
part 91V is formed. Further, the solid-phase diffusion layer 19 is formed similarly to the solid-state imaging device 104
of the fourth embodiment. Subsequently, as illustrated in FIG. 26B, the trench 92T is temporarily filled, and the hard
mask HM is removed. Thereafter, similarly to the sixth embodiment, a known method is used to form the TRX 52, the
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TRM 53, the MEM 54, the TRG 55, and the OFG 57. Next, after removing the temporary substrate 96 and the insulating
layer 95, the temporary filling materials in the trenches 13T, 91T and 92T and the space 91Z are removed, and the outer
layer part 91B and the inner layer part 91A are sequentially formed to fill the trenches 13T, 91T and 92T and the space
91Z. This allows for collective formation of the light-shielding sections 91 and 92. In addition, the element separation
section 13 (13B) is also formed simultaneously. Finally, the color filter CF and the light-receiving lens LNS are joined in
order onto the back surface 11B to complete the solid-state imaging device 106B.

[Workings and Effects of Solid-State Imaging Device 106B]

[0143] As described above, the solid-state imaging device 106B as the present modification example is further provided
with the light-shielding section 92, and the trench 92T constituting the light-shielding section 92 is formed separately
from the side of the front surface 11A of the semiconductor substrate 11. This allows for formation of the solid-phase
diffusion layer 99 having an impurity concentration different from that of the solid-phase diffusion layer 19, for example,
around the trench 92T. For example, it is possible to form, independently of the photoelectric conversion section 51, the
solid-phase diffusion layer 99 having an impurity concentration and containing an impurity material suitable for the
charge-holding section (MEM) 54. Thus, in addition to the effects of the fourth embodiment, optimum profile formation
becomes possible for each component.

<10. Modification Example of Sixth Embodiment>

[Configuration of Solid-State Imaging Device 106C]

[0144] FIG. 27 schematically illustrates cross-sectional configurations of any two sensor pixels 121A and 121B adjacent
to each other in a solid-state imaging device 106C as a modification example of the sixth embodiment.
[0145] The solid-state imaging device 106C is a combination of the solid-state imaging device 106 of the sixth em-
bodiment and the solid-state imaging device 105 of the fifth embodiment, and has a three-dimensional structure in which
the second substrate BP2 and the third substrate BP3 are stacked in order on the semiconductor substrate 11 (first
substrate BP1) constituting the solid-state imaging device 106.

[Workings and Effects of Solid-State Imaging Device 106C]

[0146] As described above, similarly to the solid-state imaging device 105 of the fifth embodiment, it is possible, in
the solid-state imaging device 106C, to form the second substrate BP2 including the readout circuit CR2 and the third
substrate BP3 including the logic circuit CR3 separately from the first substrate BP1 including the sensor pixel 121, and
then to stack the first to third substrates BP1 to BP3. Therefore, a general-purpose product may be used as the readout
circuit CR2 or the logic circuit CR3, thus making it possible to enhance the degree of freedom in designing and to expect
suppression of manufacturing costs.

<11. Example of Application to Electronic Apparatus>

[0147] FIG. 28 is a block diagram illustrating a configuration example of a camera 2000 as an electronic apparatus to
which the present technology is applied.
[0148] The camera 2000 includes an optical unit 2001 including a lens group or the like, an imaging device (imaging
device) 2002 to which the above-described solid-state imaging device 101 or the like (hereinafter, referred to as the
solid-state imaging device 101, etc.) is applied, and a DSP (Digital Signal Processor) circuit 2003 that is a camera signal
processing circuit. In addition, the camera 2000 also includes a frame memory 2004, a display unit 2005, a recording
unit 2006, an operation unit 2007, and a power source unit 2008. The DSP circuit 2003, the frame memory 2004, the
display unit 2005, the recording unit 2006, the operation unit 2007, and the power source unit 2008 are coupled to one
another via a bus line 2009.
[0149] The optical unit 2001 takes in incident light (image light) from a subject to form an image on an imaging surface
of the imaging device 2002. The imaging device 2002 converts a light amount of the incident light formed, as an image,
on the imaging surface by the optical unit 2001 into an electric signal on a pixel unit basis, and outputs the converted
electric signal as a pixel signal.
[0150] The display unit 2005 includes, for example, a panel-type display device such as a liquid crystal panel or an
organic EL panel, and displays a moving image or a still image captured by the imaging device 2002. The recording unit
2006 records the moving image or the still image captured by the imaging device 2002 in a recording medium such as
a hard disk or a semiconductor memory.
[0151] The operation unit 2007 issues an operation command for various functions of the camera 2000 under the
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operation of a user. The power source unit 2008 appropriately supplies various types of power for operation to the DSP
circuit 2003, the frame memory 2004, the display unit 2005, the recording unit 2006, and the operation unit 2007 which
are supply targets.
[0152] As described above, obtainment of a favorable image is expectable by using the above-described solid-state
imaging device 101, etc. as the imaging device 2002.

<12. Example of Practical Application to Mobile Body>

[0153] The technology according to an embodiment of the present disclosure (present technology) is applicable to
various products. For example, the technology according to an embodiment of the present disclosure may be achieved
in the form of an apparatus to be mounted to a mobile body of any kind. Nonlimiting examples of the mobile body may
include an automobile, an electric vehicle, a hybrid electric vehicle, a motorcycle, a bicycle, any personal mobility device,
an airplane, an unmanned aerial vehicle (drone), a vessel, and a robot.
[0154] FIG. 29 is a block diagram depicting an 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.
[0155] The vehicle control system 12000 includes a plurality of electronic control units connected to each other via a
communication network 12001. In the example depicted in FIG. 29, the vehicle control system 12000 includes a driving
system control unit 12010, a body system control unit 12020, an outside-vehicle information detecting unit 12030, an
in-vehicle information detecting unit 12040, and an integrated control unit 12050. In addition, a microcomputer 12051,
a sound/image output section 12052, and a vehicle-mounted network interface (I/F) 12053 are illustrated as a functional
configuration of the integrated control unit 12050.
[0156] 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 functions 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 transmitting 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.
[0157] 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 programs. 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.
[0158] The outside-vehicle information detecting unit 12030 detects information about the outside of the vehicle in-
cluding the vehicle control system 12000. For example, 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 information detecting unit 12030 may perform processing of detecting an object such as a human, a
vehicle, an obstacle, a sign, a character on a road surface, or the like, or processing of detecting a distance thereto.
[0159] The imaging section 12031 is an optical sensor that receives light, and which outputs an electric signal corre-
sponding 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 about a 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.
[0160] The in-vehicle information detecting unit 12040 detects information about the inside of the vehicle. The in-
vehicle information detecting unit 12040 is, for example, connected with a driver state detecting section 12041 that
detects the state of a driver. The driver state detecting 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 a degree of fatigue of the driver or a degree of concentration of the driver, or may
determine whether the driver is dozing.
[0161] The microcomputer 12051 can calculate a control 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-vehicle information detecting unit 12030 or the in-vehicle information de-
tecting unit 12040, and output a control command to the driving system control unit 12010. For example, the microcom-
puter 12051 can perform cooperative control intended to implement functions of an advanced 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
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vehicle from a lane, or the like.
[0162] In addition, the microcomputer 12051 can perform 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 steering 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-vehicle information detecting unit
12030 or the in-vehicle information detecting unit 12040.
[0163] In addition, the microcomputer 12051 can output 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 outside-vehicle information
detecting unit 12030. For example, 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.
[0164] The sound/image output section 12052 transmits 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. 29, an audio speaker 12061, a display section 12062, and an instrument 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.
[0165] FIG. 30 is a diagram depicting an example of the installation position of the imaging section 12031.
[0166] In FIG. 30, the imaging section 12031 includes imaging sections 12101, 12102, 12103, 12104, and 12105.
[0167] 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 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 upper portion of the windshield within the interior of the vehicle 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.
[0168] Incidentally, FIG. 30 depicts an example of photographing 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. Imaging
ranges 12112 and 12113 respectively represent 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 imaged by the imaging sections 12101 to 12104, for example.
[0169] At least one of the imaging sections 12101 to 12104 may have a function of obtaining distance information.
For example, at least 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.
[0170] For example, the microcomputer 12051 can determine a distance to each three-dimensional object within 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 ac-
celeration 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.
[0171] For example, the microcomputer 12051 can classify three-dimensional object data on three-dimensional 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-dimensional objects on the basis of the distance information obtained from the imaging
sections 12101 to 12104, extract the classified three-dimensional object data, and use the extracted three-dimensional
object data for automatic avoidance of an obstacle. For example, the microcomputer 12051 identifies obstacles around
the vehicle 12100 as obstacles that the driver of the vehicle 12100 can recognize visually and obstacles that are difficult
for the driver of the vehicle 12100 to recognize visually. Then, the microcomputer 12051 determines a collision risk
indicating a risk of collision with each obstacle. In a situation in which the collision risk is 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 microcomputer 12051 can thereby assist in driving to avoid collision.
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[0172] 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, recognize a pedestrian by determining whether or not there is a pedestrian in
imaged images of the imaging sections 12101 to 12104. Such recognition of a pedestrian is, for example, performed by
a procedure of extracting characteristic points in the imaged images of the imaging sections 12101 to 12104 as infrared
cameras and a procedure 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 object. 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
pedestrian, 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 section 12052
may also control the display section 12062 so that an icon or the like representing the pedestrian is displayed at a desired
position.
[0173] In the foregoing, the description has been given of one example of the vehicle control system, to which the
technology according to an embodiment of the present disclosure may be applied. The technology according to an
embodiment of the present disclosure may be applied to the imaging section 12031 among components of the config-
uration described above. Specifically, the solid-state imaging device 101, etc. illustrated in FIG. 1 and other drawings is
applicable to the imaging section 12031. A superior operation of the vehicle control system is expectable by application
of the technology according to an embodiment of the present disclosure to the imaging section 12031.

<13. Other Modification Examples>

[0174] Although the description has been given hereinabove of the present disclosure with reference to several em-
bodiments and the modification examples, the present disclosure is not limited to the above-described embodiments
and the like, and various modifications may be made. For example, in the foregoing first embodiment, the description
has been given of the solid-state imaging device 101 including the columnar etching stopper 17; however, the shape of
the etching stopper is not limited thereto. For example, as in a solid-state imaging device 107 illustrated in FIG. 31, a
wall-like etching stopper 37 extending along the Y-axis may be provided. In this case, the opening 12K is substantially
hexagonal. In a case where a sufficient area of a region for forming the vertical terminal section 52V is desired to be
secured, it is better to provide the etching stopper 37 extending in the Y-axis direction parallel to the vertical light-shielding
part 12V of the light-shielding section 12, as in the solid-state imaging device 107. Meanwhile, in order to further reduce
an area of the region of the opening 12K, it is better to provide the etching stopper 17 having a shape of small occupied
area in the XY plane, as in the solid-state imaging device 101 of the foregoing first embodiment.
[0175] In addition, in the solid-state imaging device 104 according to the foregoing fourth embodiment, the solid-phase
diffusion layer 19 having the p-n junction is formed around the light-shielding section 31; however, a solid-phase diffusion
layer may be formed around the light-shielding section or the element separation section also in the solid-state imaging
device described in another embodiment. One reason for this is that it is possible to expect an improvement in the pixel
capacity Qs. For example, a solid-phase diffusion layer having a p-n junction may be formed around the light-shielding
sections 12 and 24 in the solid-state imaging devices 101 to 103 in the foregoing first to third embodiments and the
element separation section 73.
[0176] In addition, the foregoing fifth embodiment exemplifies the solid-state imaging device 105 having a three-
dimensional structure in which the three substrate are stacked; however, the type and number of substrates to be stacked
are not limited thereto. In addition, in the solid-state imaging device 105 of the fifth embodiment, the element separation
section 73 is provided with the horizontal light-shielding part 73H; however, the horizontal light-shielding part 73H may
not be provided. In addition, also in the solid-state imaging device having a three-dimensional structure, the light-shielding
section and the element separation section may be formed integrally. In that case, the light-shielding section and the
element separation section are collectively formable from the front surface (side opposite to light incident side) of the
semiconductor substrate on which the sensor pixel is formed. Further, in that case, a solid-phase diffusion layer including
a p-n junction may be provided around both of the light-shielding section and the element separation section.
[0177] The Si {111} substrate in the present disclosure refers to a substrate or a wafer including a silicon single crystal
and having a crystal plane represented by {111} in Mirror index notation. The Si {111} substrate in the present disclosure
also includes a substrate or a wafer having a crystal orientation shifted several degrees, e.g., shifted several degrees
from an {111} plane to a nearest [110] direction. Further, the Si {111} substrate also includes a silicon single crystal
grown on a portion or the entire surface of the substrate or the wafer by means of an epitaxial method or the like.
[0178] In addition, in the notation of the present disclosure, the {111} plane is a generic term of a (111) plane, a (-111)
plane, a (1-11) plane, a (11-1) plane, a (-1-11) plane, a (-11-1) plane, a (1-1-1) plane, and a (-1-1-1) plane, which are
mutually equivalent crystal planes in terms of symmetry. Accordingly, the description of the Si {111} substrate in the
specification, etc. of the present disclosure may be read as an Si (1-11) substrate, for example. Here, a symbol of a bar
for expressing an exponent in a negative direction of the Mirror index is substituted by a minus symbol.
[0179] In addition, the <110> direction in the description of the present invention is a generic term of a [110] direction,
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a [101] direction, a [011] direction, a [-110] direction, a [1-10] direction, a [-101] direction, a [10-1] direction, a [0-11]
direction, a [01-1] direction, a [-1-10] direction, a [-10-1] direction, and [0-1-1] direction, which are mutually equivalent
crystal plane directions in terms of symmetry, and may be read as any of the above. In the present disclosure, however,
etching is performed in a direction orthogonal to an element forming surface and in a direction further orthogonal to the
direction orthogonal to the element forming surface (i.e., a direction parallel to the element forming surface).
[0180] Table 1 exhibits specific combinations of planes and orientations in which etching in the <110> direction is
established in the {111} plane that is the crystal plane of the Si {111} substrate in the present invention.

[0181] As illustrated in Table 1, there are 96 (= 8 3 12) combinations of the {111} plane and the <110> direction.
However, the <110> direction of the present disclosure is limited to a direction orthogonal to the {111} plane that is an
element forming surface and a direction parallel to the element forming surface. That is, the combination of the element
forming surface in the Si {111} substrate of the present disclosure and an orientation in which the etching is performed
on the Si {111} substrate is selected from one of the combinations indicated by s in Table 1.
[0182] In addition, the foregoing first embodiment exemplifies the case of using the Si {111} substrate to cause the
etching to progress in the X-axis direction, whereas the etching does not progress in the Y-axis direction and the Z-axis
direction. However, the present disclosure is not limited thereto; there may be an etching progress orientation in both
of the X-axis direction and the Y-axis direction or in either the X-axis direction or the Y-axis direction. In addition, the Si
{111} substrate also includes a case of a substrate of which a substrate surface is processed to have an off-angle relative
to a <112> direction, for example, as illustrated in FIG. 33. In a case where the off-angle is 19.47° or less, even a
substrate having an off-angle maintains a relationship in which an etching rate of the <110> direction, i.e., the direction
with one Si backbond is sufficiently higher than an etching rate of the <111> direction, i.e. the direction with three Si
backbonds. As the off-angle becomes larger, the number of steps increases, thus causing density of a micro step
difference to be high; therefore, the off-angle is preferably 5° or less. Incidentally, FIG. 33 exemplifies the case where
the substrate surface has an off-angle in the <112> direction; however, a case of having an off-angle in the <110>
direction may also be employed, and it does not matter which direction the off-angle is in. In addition, an Si plane
orientation is analyzable using an X-ray diffraction method, an electron beam diffraction method, an electron beam
backscatter diffraction method, etc. The number of Si backbonds is determined by an Si crystal structure, and thus the
number of backbonds is also analyzable by analyzing the Si plane orientation.
[0183] It is to be noted that the effects described herein are merely exemplary and are not limited thereto, and may
have other effects. In addition, the present technology may have the following configurations.

(1) An imaging device including:

an Si {111} substrate having a first direction as a thickness direction and including a first crystal plane represented
by a plane index {111} extending along a horizontal plane orthogonal to the first direction;

[Table 1]

Etching Orientation
Element-Forming Surface

-111 (-111) (1-11) (11-1) (-1-11) (-11-1) (1-1-1) (-1-1-1)

[110] s s s s

[101] s s s s

[011] s s s s

[-110] s s s s

[1-10] s s s s

[-101] s s s s

[10-1] s s s s

[0-11] s s s s

[01-1] s s s s

[-1-10] s s s s

[-10-1] s s s s

[0-1-1] s s s s
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a photoelectric conversion section provided in the Si {111} substrate and generating charges corresponding to
an amount of light reception by means of photoelectric conversion;
a charge-holding section provided in the Si {111} substrate and holding the charges transferred from the pho-
toelectric conversion section; and
a light-shielding section including a horizontal light-shielding part and a vertical light-shielding part, the horizontal
light-shielding part positioned between the photoelectric conversion section and the charge-holding section in
the first direction and extending along the horizontal plane, the vertical light-shielding part being orthogonal to
the horizontal light-shielding part;
the horizontal light-shielding part including

a first plane along the first crystal plane of the Si {111} substrate being orthogonal to the first direction and
represented by the plane index {111}, and
a second plane along a second crystal plane of the Si {111} substrate being inclined relative to the first
direction and represented by the plane index {111}.

(2) The imaging device according to (1), in which the horizontal light-shielding part further includes a third plane
along a third crystal plane of the Si {111} substrate being inclined relative to the first direction and represented by
the plane index {111}.
(3) The imaging device according to (2), in which the vertical light-shielding part extends in a second direction
orthogonal to the first direction.
(4) The imaging device according to any one of (1) to (3), further including an etching stopper that exhibits etching
resistance to an etching solution allowing for etching in a <110> direction of the Si {111} substrate.
(5) The imaging device according to (4), in which the etching stopper includes an impurity element, a crystal defect
structure, or an insulator.
(6) The imaging device according to any one of (1) to (3), in which an Si-remaining region other than a region
occupied by the horizontal light-shielding part in a plane orthogonal to the first direction is island-shaped or band-
shaped.
(7) The imaging device according to any one of (1) to (6), further including a vertical electrode extending in the first
direction, which is provided in the Si-remaining region other than the region occupied by the horizontal light-shielding
part in the plane orthogonal to the first direction, and through which charges traveling from the photoelectric con-
version section to the charge-holding section pass.
(8) The imaging device according to any one of (1) to (7), in which the light-shielding section further includes an
additional horizontal light-shielding part provided at a position different from the horizontal light-shielding part in the
first direction and extending along the horizontal plane.
(9) The imaging device according to (8), in which the additional horizontal light-shielding part is provided in a region
overlapping, in the first direction, the Si-remaining region other than the region occupied by the horizontal light-
shielding part in the plane orthogonal to the first direction.
(10) The imaging device according to any one of (1) to (9), in which the vertical light-shielding part is exposed to a
front surface, of the Si {111} substrate, positioned opposite to the photoelectric conversion section as viewed from
the horizontal light-shielding part.
(11) The imaging device according to (10), further including an additional light-shielding section including an additional
horizontal light-shielding part and an additional vertical light-shielding part, the additional horizontal light-shielding
part being provided at a position different from the horizontal light-shielding part in the first direction and extending
along the horizontal plane, the additional vertical light-shielding part being orthogonal to the additional horizontal
light-shielding part.
(12) The imaging device according to (11), in which the additional horizontal light-shielding part is provided in the
region overlapping, in the first direction, the Si-remaining region other than the region occupied by the horizontal
light-shielding part in the plane orthogonal to the first direction.
(13) The imaging device according to (11) or (12), in which the additional vertical light-shielding part is exposed to
a back surface positioned opposite to the front surface of the Si {111} substrate.
(14) The imaging device according to any one of (1) to (13), further including a semiconductor region in which P
type or N type impurities are diffused around the vertical light-shielding part, in which at least one of impurity
concentrations or impurity materials differ from each other across the horizontal light-shielding part in the semicon-
ductor region.
(15) An electronic apparatus including an imaging device,
the imaging device including
an Si {111} substrate having a first direction as a thickness direction and extending along a horizontal plane orthogonal
to the first direction,
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a photoelectric conversion section provided in the Si {111} substrate and generating charges corresponding to an
amount of light reception by means of photoelectric conversion,
a charge-holding section provided in the Si {111} substrate and holding the charges transferred from the photoelectric
conversion section, and
a light-shielding section including a horizontal light-shielding part and a vertical light-shielding part, the horizontal
light-shielding part positioned between the photoelectric conversion section and the charge-holding section in the
first direction and extending along the horizontal plane, the vertical light-shielding part being orthogonal to the
horizontal light-shielding part,
the horizontal light-shielding part including

a first plane along the first crystal plane of the Si {111} substrate being orthogonal to the first direction and
represented by the plane index {111}, and
a second plane along a second crystal plane of the Si {111} substrate being inclined relative to the first direction
and represented by the plane index {111}.

(16) The electronic apparatus according to (15), in which the horizontal light-shielding part further includes a third
plane along a third crystal plane of the Si {111} substrate being inclined relative to the first direction and represented
by the plane index {111}.
(17) A method of manufacturing an imaging device, the method including:

preparing an Si {111} substrate having a first direction as a thickness direction and extending along a horizontal
plane orthogonal to the first direction;
forming, in the Si {111} substrate, a photoelectric conversion section generating charges corresponding to an
amount of light reception by means of photoelectric conversion;
forming, in the Si {111} substrate, a charge-holding section holding the charges transferred from the photoelectric
conversion section; and
forming a light-shielding section including a horizontal light-shielding part and a vertical light-shielding part, the
horizontal light-shielding part positioned between the photoelectric conversion section and the charge-holding
section in the first direction and extending along the horizontal plane, the vertical light-shielding part being
orthogonal to the horizontal light-shielding part; in which
the first crystal plane of the Si {111} substrate orthogonal to the first direction and represented by the plane
index {111} and a second crystal plane of the Si {111} substrate inclined relative to the first direction and
represented by the plane index {111} are each formed by performing crystalline anisotropic etching on the Si
{111} substrate using an etching solution to form the horizontal light-shielding part including a first plane along
the first crystal plane and a second plane along the second crystal plane.

(18) The method of manufacturing the imaging device according to (17), in which a third crystal plane of the Si {111}
substrate inclined relative to the first direction and represented by the plane index {111} is further formed by performing
the crystalline anisotropic etching to further form the horizontal light-shielding part including a third plane along the
third crystal plane.
(19) The method of manufacturing the imaging device according to (17), in which a trench is formed that serves as
the horizontal light-shielding part and the vertical light-shielding part from one surface of the Si {111} substrate, and
thereafter the charge-holding section is formed on side of another surface opposed to the one surface.
(20) An imaging device including:

an Si substrate having a first direction as a thickness direction and extending along a horizontal plane orthogonal
to the first direction;
a photoelectric conversion section provided in the Si substrate and generating charges corresponding to an
amount of light reception by means of photoelectric conversion;
a charge-holding section provided in the Si substrate and holding the charges transferred from the photoelectric
conversion section; and
a light-shielding section including a horizontal light-shielding part and a vertical light-shielding part, the horizontal
light-shielding part positioned between the photoelectric conversion section and the charge-holding section in
the first direction and extending along the horizontal plane, the vertical light-shielding part being orthogonal to
the horizontal light-shielding part;
the horizontal light-shielding part including

a first plane along a crystal plane being orthogonal to the first direction and having three Si backbonds, and
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a second plane along a second crystal plane being inclined relative to the first direction and having three
Si backbonds.

[0184] This application claims the benefit of Japanese Priority Patent Application JP2018-114537 filed with the Japan
Patent Office on June 15, 2018 and Japanese Priority Patent Application JP2019-108072 filed with the Japan Patent
Office on June 10, 2019, the entire contents of which are incorporated herein by reference.
[0185] It should be understood by those skilled in the art that various modifications, combinations, sub-combinations,
and alterations may occur depending on design requirements and other factors insofar as they are within the scope of
the appended claims or the equivalents thereof.

Claims

1. An imaging device comprising:

an Si {111} substrate having a first direction as a thickness direction and including a first crystal plane represented
by a plane index {111} extending along a horizontal plane orthogonal to the first direction;
a photoelectric conversion section provided in the Si {111} substrate and generating charges corresponding to
an amount of light reception by means of photoelectric conversion;
a charge-holding section provided in the Si {111} substrate and holding the charges transferred from the pho-
toelectric conversion section; and
a light-shielding section including a horizontal light-shielding part and a vertical light-shielding part, the horizontal
light-shielding part positioned between the photoelectric conversion section and the charge-holding section in
the first direction and extending along the horizontal plane, the vertical light-shielding part being orthogonal to
the horizontal light-shielding part;
the horizontal light-shielding part including

a first plane along the first crystal plane of the Si {111} substrate orthogonal to the first direction, and
a second plane along a second crystal plane of the Si {111} substrate being inclined relative to the first
direction and represented by the plane index {111}.

2. The imaging device according to claim 1, wherein the horizontal light-shielding part further includes a third plane
along a third crystal plane of the Si {111} substrate being inclined relative to the first direction and represented by
the plane index {111}.

3. The imaging device according to claim 2, wherein the vertical light-shielding part extends in a second direction
orthogonal to the first direction.

4. The imaging device according to claim 1, further comprising an etching stopper that exhibits etching resistance to
an etching solution allowing for etching in a <110> direction of the Si {111} substrate.

5. The imaging device according to claim 4, wherein the etching stopper comprises an impurity element, a crystal
defect structure, or an insulator.

6.  The imaging device according to claim 1, wherein an Si-remaining region other than a region occupied by the
horizontal light-shielding part in a plane orthogonal to the first direction is island-shaped or band-shaped.

7. The imaging device according to claim 1, further comprising a vertical electrode extending in the first direction, which
is provided in an Si-remaining region other than a region occupied by the horizontal light-shielding part in a plane
orthogonal to the first direction, and through which charges traveling from the photoelectric conversion section to
the charge-holding section pass.

8. The imaging device according to claim 1, wherein the light-shielding section further includes an additional horizontal
light-shielding part provided at a position different from the horizontal light-shielding part in the first direction and
extending along the horizontal plane.

9. The imaging device according to claim 8, wherein the additional horizontal light-shielding part is provided in a region
overlapping, in the first direction, an Si-remaining region other than a region occupied by the horizontal light-shielding
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part in a plane orthogonal to the first direction.

10. The imaging device according to claim 1, wherein the vertical light-shielding part is exposed to a front surface, of
the Si {111} substrate, positioned opposite to the photoelectric conversion section as viewed from the horizontal
light-shielding part.

11. The imaging device according to claim 10, further comprising an additional light-shielding section including an
additional horizontal light-shielding part and an additional vertical light-shielding part, the additional horizontal light-
shielding part being provided at a position different from the horizontal light-shielding part in the first direction and
extending along the horizontal plane, the additional vertical light-shielding part being orthogonal to the additional
horizontal light-shielding part.

12. The imaging device according to claim 11, wherein the additional horizontal light-shielding part is provided in a
region overlapping, in the first direction, an Si-remaining region other than a region occupied by the horizontal light-
shielding part in a plane orthogonal to the first direction.

13. The imaging device according to claim 11, wherein the additional vertical light-shielding part is exposed to a back
surface positioned opposite to the front surface of the Si {111} substrate.

14. The imaging device according to claim 1, further comprising, around the vertical light-shielding part:

a first semiconductor region in which P type or N type impurities are diffused; and
a second semiconductor region which is located on side opposite to the first semiconductor region, with the
horizontal light-shielding part interposed therebetween, and in which the impurities are diffused, wherein
the first semiconductor region has a first impurity concentration that is different from a second impurity concen-
tration of the second semiconductor region,
the first semiconductor region includes a first impurity material that is different from a second impurity material
of the second semiconductor region, or
the first impurity concentration and the first impurity material are different from the second impurity concentration
and the second impurity material.

15. An electronic apparatus comprising an imaging device,
the imaging device including
an Si {111} substrate having a first direction as a thickness direction and extending along a horizontal plane orthogonal
to the first direction,
a photoelectric conversion section provided in the Si {111} substrate and generating charges corresponding to an
amount of light reception by means of photoelectric conversion,
a charge-holding section provided in the Si {111} substrate and holding the charges transferred from the photoelectric
conversion section, and
a light-shielding section including a horizontal light-shielding part and a vertical light-shielding part, the horizontal
light-shielding part positioned between the photoelectric conversion section and the charge-holding section in the
first direction and extending along the horizontal plane, the vertical light-shielding part being orthogonal to the
horizontal light-shielding part,
the horizontal light-shielding part including

a first plane along a first crystal plane of the Si { 111 } substrate being orthogonal to the first direction and
represented by a plane index {111}, and
a second plane along a second crystal plane of the Si {111} substrate being inclined relative to the first direction
and represented by the plane index {111}.

16. The electronic apparatus according to claim 15, wherein the horizontal light-shielding part further includes a third
plane along a third crystal plane of the Si {111} substrate being inclined relative to the first direction and represented
by the plane index {111}.

17. A method of manufacturing an imaging device, the method comprising:

preparing an Si {111} substrate having a first direction as a thickness direction and including a first crystal plane
represented by a plane index {111} extending along a horizontal plane orthogonal to the first direction;
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forming, in the Si {111} substrate, a photoelectric conversion section generating charges corresponding to an
amount of light reception by means of photoelectric conversion;
forming, in the Si {111} substrate, a charge-holding section holding the charges transferred from the photoelectric
conversion section; and
forming a light-shielding section including a horizontal light-shielding part and a vertical light-shielding part, the
horizontal light-shielding part positioned between the photoelectric conversion section and the charge-holding
section in the first direction and extending along the horizontal plane, the vertical light-shielding part being
orthogonal to the horizontal light-shielding part; wherein
the first crystal plane of the Si {111} substrate orthogonal to the first direction and represented by the plane
index {111} and a second crystal plane of the Si {111} substrate inclined relative to the first direction and
represented by the plane index {111} are each formed by performing crystalline anisotropic etching on the Si
{111} substrate using an etching solution to form the horizontal light-shielding part including a first plane along
the first crystal plane and a second plane along the second crystal plane.

18. The method of manufacturing the imaging device according to claim 17, wherein a third crystal plane of the Si {111}
substrate inclined relative to the first direction and represented by the plane index {111} is further formed by performing
the crystalline anisotropic etching to further form the horizontal light-shielding part including a third plane along the
third crystal plane.

19. The method of manufacturing the imaging device according to claim 17, wherein
the Si {111} substrate has a front surface and a back surface,
a vertical direction space and a horizontal direction space to be in communication with the vertical direction space
and including the first crystal plane and the second crystal plane are formed in the Si {111} substrate by performing
the crystalline anisotropic etching from the back surface, and
the charge-holding section is formed between the horizontal light-shielding part and the front surface.

20. An imaging device comprising:

an Si substrate having a first direction as a thickness direction and extending along a horizontal plane orthogonal
to the first direction;
a photoelectric conversion section provided in the Si substrate and generating charges corresponding to an
amount of light reception by means of photoelectric conversion;
a charge-holding section provided in the Si substrate and holding the charges transferred from the photoelectric
conversion section; and
a light-shielding section including a horizontal light-shielding part and a vertical light-shielding part, the horizontal
light-shielding part positioned between the photoelectric conversion section and the charge-holding section in
the first direction and extending along the horizontal plane, the vertical light-shielding part being orthogonal to
the horizontal light-shielding part;
the horizontal light-shielding part including

a first plane along a crystal plane being orthogonal to the first direction and having three Si backbonds, and
a second plane along a second crystal plane being inclined relative to the first direction and having three
Si backbonds.



EP 3 813 116 A1

31



EP 3 813 116 A1

32



EP 3 813 116 A1

33



EP 3 813 116 A1

34



EP 3 813 116 A1

35



EP 3 813 116 A1

36



EP 3 813 116 A1

37



EP 3 813 116 A1

38



EP 3 813 116 A1

39



EP 3 813 116 A1

40



EP 3 813 116 A1

41



EP 3 813 116 A1

42



EP 3 813 116 A1

43



EP 3 813 116 A1

44



EP 3 813 116 A1

45



EP 3 813 116 A1

46



EP 3 813 116 A1

47



EP 3 813 116 A1

48



EP 3 813 116 A1

49



EP 3 813 116 A1

50



EP 3 813 116 A1

51



EP 3 813 116 A1

52



EP 3 813 116 A1

53



EP 3 813 116 A1

54



EP 3 813 116 A1

55



EP 3 813 116 A1

56



EP 3 813 116 A1

57



EP 3 813 116 A1

58



EP 3 813 116 A1

59



EP 3 813 116 A1

60



EP 3 813 116 A1

61



EP 3 813 116 A1

62



EP 3 813 116 A1

63



EP 3 813 116 A1

64



EP 3 813 116 A1

65



EP 3 813 116 A1

66



EP 3 813 116 A1

67



EP 3 813 116 A1

68



EP 3 813 116 A1

69



EP 3 813 116 A1

70



EP 3 813 116 A1

71



EP 3 813 116 A1

72



EP 3 813 116 A1

73



EP 3 813 116 A1

74



EP 3 813 116 A1

75



EP 3 813 116 A1

76



EP 3 813 116 A1

77



EP 3 813 116 A1

78



EP 3 813 116 A1

79



EP 3 813 116 A1

80



EP 3 813 116 A1

81



EP 3 813 116 A1

82



EP 3 813 116 A1

83



EP 3 813 116 A1

84



EP 3 813 116 A1

85



EP 3 813 116 A1

86



EP 3 813 116 A1

87



EP 3 813 116 A1

88



EP 3 813 116 A1

89



EP 3 813 116 A1

90



EP 3 813 116 A1

91



EP 3 813 116 A1

92



EP 3 813 116 A1

93



EP 3 813 116 A1

94



EP 3 813 116 A1

95

5

10

15

20

25

30

35

40

45

50

55



EP 3 813 116 A1

96

5

10

15

20

25

30

35

40

45

50

55



EP 3 813 116 A1

97

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 2016136486 A [0003]
• JP 2018114537 A [0184]

• JP 2019108072 A [0184]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

