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Description

Title of Invention: SOLID-STATE IMAGING ELEMENT,
METHOD OF MANUFACTURING SOLID-STATE IMAGING

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

ELEMENT, AND ELECTRONIC DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of Japanese Priority Patent Application JP
2018-226788 filed on December 3, 2018, the entire contents of which are incorporated

herein by reference.
Technical Field

The present disclosure relates to a solid-state imaging element, a method of manu-
facturing a solid-state imaging element, and an electronic device.
Background Art

There is a known technique of forming a PN junction layer along a light shielding
structure that shields each of pixels of a solid-state imaging element so as to enhance a
saturation charge amount Qs in a photoelectric conversion element such as a

photodiode on each of the pixels (for example, refer to PTL 1).
Citation List

Patent Literature
PTL 1: JP 2015-162603A
Summary

Technical Problem

The structure disclosed in PTL 1, however, has a disadvantage that no PN junction
layer is formed on a light incident side of the photoelectric conversion element, and
thus has room for further improvement with regard to the saturation charge amount Qs
of the photoelectric conversion element.

Therefore, the present disclosure proposes a solid-state imaging element capable of
improving the saturation charge amount Qs in the photoelectric conversion element, a
manufacturing method of the solid-state imaging element, and an electronic device.
Solution to Problem

According to an embodiment of the present disclosure, there is provided an imaging
device including a photoelectric conversion region disposed in a substrate and having a
first conductivity type. The imaging device also includes a first region having a second
conductivity type and disposed in the substrate at a first side of the photoelectric
conversion region in a cross sectional view, where the first side of the photoelectric

conversion region is opposite to a light-incident side of the photoelectric conversion
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region and the second conductivity type is opposite to the first conductivity type. The
imaging device also includes a second region having the second conductivity type at a
higher impurity concentration than the first region and disposed in the substrate around
three sides of the photoelectric conversion region other than the first side of the photo-
electric conversion region in the cross-sectional view. Additionally, the imaging device
also includes a light shielding structure that penetrates through the substrate and that is
adjacent to sidewalls of the second region. The imaging device also includes a third
region between the second region and the photoelectric conversion region. The third
region has the first conductivity type at a higher impurity concentration than the photo-
electric conversion region. A memory is disposed in the substrate and has the first con-
ductivity type, and the imaging device includes a first transfer transistor that transfers
charge from the photoelectric conversion region to the memory along with a second
transfer transistor that transfers charge from the memory to a readout circuit. The
second transfer transistor includes a gate having a portion embedded in the first region
and coupled to the photoelectric conversion region. The imaging device includes a
third region having the second conductivity type and the third region is disposed in the
substrate around three sides of the memory in the cross-sectional view. The imaging
device further includes a fourth region disposed around the three sides of the photo-
electric conversion region and having the first conductivity type at a higher impurity
concentration than the photoelectric conversion region. The imaging device includes a
fifth region disposed around the three sides of the memory and having the first con-
ductivity type at a higher impurity concentration than the memory. The light shielding
structure includes a portion between the photoelectric conversion region and the
memory and the portion is adjacent to three sides of the memory in the cross-sectional
view. The imaging device includes a gate of the first transfer transistor and a gate of
the second transfer transistor which include portions on the first region. The imaging
device also includes an insulation layer disposed over the gates of the first and second
transfer transistors. According to an aspect of the present disclosure, there is provided
an imaging device comprising a photoelectric conversion region disposed in a substrate
and having a first conductivity type, a first region having a second conductivity type
and disposed in the substrate at a first side of the photoelectric conversion region in a
cross sectional view. The first side of the photoelectric conversion region is opposite to
a light-incident side of the photoelectric conversion region, and the second con-
ductivity type is opposite the first conductivity type. The imaging device includes a
light shielding structure that penetrates through the substrate and the light shielding
structure is adjacent to sidewalls of the first region. A third region exists between the
second region and the light-incident side of the photoelectric conversion region and has

the first conductivity type at a higher impurity concentration than the photoelectric
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conversion region. The imaging device also includes a memory having the first con-
ductivity type disposed in the substrate adjacent to the photoelectric conversion region
and the memory is configured to store charge generated by the photoelectric
conversion region. The imaging device includes a third region having the second con-
ductivity type and disposed in the substrate around three sides of the memory in a
cross-sectional view. The imaging device includes a fourth region between the second
region and the light incident side of the photoelectric conversion region and has the
first conductivity type at a higher impurity concentration than the photoelectric
conversion region. The imaging device includes a fifth region disposed around the
three sides of the memory and having the first conductivity type at a higher impurity
concentration than the memory. The light shielding structure is disposed around three
sides of the memory in the cross-sectional view. According to an aspect of the present
disclosure, there is provided a method comprising forming a stack of a semiconductor
substrate, an insulator, and a semiconductor layer. The method includes forming an
implant region of a first conductivity type in the semiconductor layer, and forming at
least one groove in the implant region to define a pixel including a photoelectric
conversion region and a memory. The method includes forming first regions of a
second conductivity type in the at least one groove along three sides of the memory
and on at least a light-incident side of the photoelectric conversion region. The second
conductivity type is opposite the first conductivity type. The method includes forming
a light-shielding structure on sidewalls of the first regions. The method includes prior
to forming the first region, forming a through-hole through the semiconductor layer
and the insulator to a desired depth in the semiconductor substrate, depositing a
material into the through hole, and removing the insulator to form a gap between the
semiconductor substrate and the semiconductor layer. Forming the first regions
includes forming a first insulating a layer in the at least one groove and in the gap,
where the first insulating layer has impurities of the second conductivity type. The
method includes annealing the first insulating layer. The method includes forming a
first insulating layer in the at least one groove and in the gap, where the first insulating
layer has impurities of the first conductivity type. The method includes annealing the
first insulating layer to create a second region of the first conductivity type having an
impurity concentration higher than the implant region. The method also includes
forming a second insulating layer in the at least one groove, where the second in-
sulating layer has impurities of a second conductivity type opposite the first con-
ductivity type. The method includes annealing the second insulating layer.

Brief Description of Drawings

[fig.1A]Fig. 1A is a schematic view illustrating a portion of a solid-state imaging
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element according to a first embodiment of the present disclosure.
[fig.1B]Fig. 1B is a schematic view illustrating a portion of a solid-state imaging
element according to a first embodiment of the present disclosure.
[fig. 1C]Fig. 1C is a schematic view illustrating a portion of another example of the
solid-state imaging element according to the first embodiment of the present
disclosure.
[fig.2]Figs. 2A1 to 2D3 are a flowchart illustrating an example of a manufacturing
processing procedure of the solid-state imaging element according to the first em-
bodiment of the present disclosure.
[fig.3]Figs. 3A1 to 3D3 are a flowchart illustrating an example of a manufacturing
processing procedure of the solid-state imaging element according to the first em-
bodiment of the present disclosure.
[fig.4]Figs. 4Al to 4B3 are a flowchart illustrating an example of a manufacturing
processing procedure of the solid-state imaging element according to the first em-
bodiment of the present disclosure.
[fig.5]Figs. SA1 to 5B3 are a flowchart illustrating an example of a manufacturing
processing procedure of the solid-state imaging element according to the first em-
bodiment of the present disclosure.
[fig.6A]Fig. 6A is a schematic view illustrating a portion of a solid-state imaging
element according to a second embodiment of the present disclosure.
[fig.6B]Fig. 6B is a schematic view illustrating a portion of a solid-state imaging
element according to a second embodiment of the present disclosure.
[fig.7A]Fig. 7A is a schematic view illustrating a portion of a solid-state imaging
element according to a third embodiment of the present disclosure.
[fig.7B]Fig. 7B is a schematic view illustrating a portion of a solid-state imaging
element according to a third embodiment of the present disclosure.
[fig.8]Fig. 8 is a block diagram illustrating an example of a configuration of a camera
according to a fourth embodiment of the present disclosure.
Description of Embodiments

[0009] Hereinafter, embodiments of the present disclosure will be described in detail with
reference to the drawings. Note that in each of the following embodiments, the same
portions are denoted by the same reference numerals, and redundant explanations are
omitted.

[0010]  <First embodiment>

A solid-state imaging element according to a first embodiment will be described

with reference to Figs. 1A to 5B3.

[0011]  (Exemplary configuration of solid-state imaging element)
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[0013]

[0014]

[0015]

Figs. 1A to 1C are schematic views each illustrating a portion of a solid-state imaging
element 1 according to the first embodiment of the present disclosure. Fig. 1A is a plan
view illustrating a portion of the solid-state imaging element 1 according to the first
embodiment. Fig. 1B is a cross-sectional view illustrating a portion of the solid-state
imaging element 1 according to the first embodiment. Furthermore, Fig. 1C is a cross-
sectional view illustrating a portion of another example of the solid-state imaging
element 1 according to the first embodiment. Note that Fig. 1A omits illustration of
each of transistors and an insulating film 90 or the like disposed on a surface of the
solid-state imaging element 1. Furthermore, Figs. 1B and 1C both illustrate transfer
transistors 70 and 80 and a groove FFTI between a photoelectric conversion element
(or photoelectric conversion region) 10 and a memory 20. These components,
however, are not provided on an identical cross section in practice and in this sense,
the cross-sectional views of Figs. 1B and 1C are merely schematic.

As illustrated in Figs. 1A and 1B, the solid-state imaging element 1 includes a
plurality of pixels PXL. Each of the pixels PXL has a rectangular shape in a top view,
for example, and includes a set of the photoelectric conversion elements 10 and the
memory 20. The plurality of pixels PXL is arranged in a matrix.

More specifically, the solid-state imaging element 1 includes a silicon base (or
substrate) 101 as a semiconductor base having a main surface 101a as a light incident
surface. The silicon base 101 is a plate-shaped member having main surfaces 101a and
101b. As will be described later, the silicon base 101 includes a silicon layer on a
Buried Oxide (BOX) layer of a Silicon On Insulator (SOI) substrate, or the like, for
example.

The solid-state imaging element 1 includes a plurality of light shielding structures 31
and 32 arranged along a thickness direction of the silicon base 101. The light shielding
structure 31 is provided in the groove FFTI of the silicon base 101 surrounding one
pixel PXL in a rectangular shape. The light shielding structure 32 is provided in the
groove FFTI and a groove RDTI of the silicon base 101 separating the photoelectric
conversion element 10 from the memory 20 included in one pixel PXL. The groove
FFTI penetrates the silicon base 101. The groove RDTI is formed in the silicon base
101 to a predetermined depth from the main surface 101a. The light shielding
structures 31 and 32 have a stacked structure of a metal film and an insulating film
such as a SiO, film, for example, and suppress transmission of light between the pixels
PXL or transmission of light between the photoelectric conversion element 10 and the
memory 20 within the pixel PXL.

The solid-state imaging element 1 includes an N-type photoelectric conversion
element 10 of a first conductivity type disposed in a region surrounded by the main

surface 101a and the light shielding structures 31 and 32. That is, an example of the
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[0017]

[0018]

[0019]

photoelectric conversion element 10 is a photodiode or the like including an N-type
semiconductor region. The photoelectric conversion element 10 converts received light
into electric charge corresponding to the amount of light received by photoelectric
conversion.

The solid-state imaging element 1 includes a PN junction layer 13 arranged con-
tinuously along the main surface 101a and the light shielding structures 31 and 32 on
the photoelectric conversion element 10 side of the main surface 101a and the light
shielding structures 31 and 32. “Continuously arranged” state is a state where the PN
junction layer 13 on the main surface 101a side and the PN junction layer 13 on the
light shielding structures 31 and 32 side are integrally formed without having a
boundary such as an interface, for example. The PN junction layer 13 extends along
the light shielding structures 31 and 32, for example, to the main surface 101b on the
side opposite to the main surface 101a of the silicon base 101. Note that the PN
junction layer 13 does not exist in a region where a transfer transistor 70 or the like
described later on the main surface 101b side is disposed.

The PN junction layer 13 includes a P+-type layer 12 as a layer having a higher
impurity concentration than normal and as a layer of a second conductivity type
different from the first conductivity type. As shown, the P*-type layer 12 is around
three sides of the photoelectric conversion element 10. The PN junction layer 13
includes an N*-type layer 11 as a layer having a higher impurity concentration than
normal and as a layer of the first conductivity type having an impurity concentration
higher than that of the photoelectric conversion element 10. The N+-type layer 11 is
disposed on more toward the photoelectric conversion element 10 side on the main
surface 101a and the light shielding structures 31 and 32 of the silicon base 101, than
the P+-type layer 12.

In this specification, the N*-type layer 11 represents a layer containing more N-type
impurities than the layer described as an N-type layer or the like, for example. In other
words, the N*-type layer 11 means that the carrier (electron) density is higher than the
layer described as an N-type layer or the like, for example. In this specification, the P+ -
type layer 12 represents a layer containing more P-type impurities than the layer
described as a P-type layer or the like, for example. In other words, the P+-type layer
12 means that the carrier (hole) density is higher than the layer described as a P-type
layer or the like, for example.

Specifically, the P+-type layer 12 having a higher impurity concentration than normal
means that at least part of the P+-type layer 12 contains impurities of 1 x 10'%/cm? or
more, for example. Furthermore, the P*-type layer 12 has a carrier (hole) concentration
of 1 x 10'%/cm? or more at a boundary between the main surface 101a and the light

shielding structures 31 and 32. The N*-type layer 11 having a higher impurity con-



WO 2020/116131 PCT/JP2019/044911

[0020]

[0021]

[0022]

[0023]

[0024]

centration than normal means that at least part of the N*-type layer 11 contains im-
purities of 1 x 10'%/cm? or more, for example. Furthermore, the N+-type layer 11 has a
higher impurity concentration than the photoelectric conversion element 10.

More specifically, the N+-type layer 11 and the P+-type layer 12 are solid phase
diffusion layers. The solid phase diffusion layer is a diffusion layer formed by solid
phase diffusion which will be described later, being a layer containing impurities of a
predetermined conductivity type at a high concentration. In this manner, joining the N+
-type layer 11 having a high impurity concentration with the P+-type layer 12 having a
high impurity concentration would allow steep transition from one conductivity type to
the other conductivity type in the PN junction layer 13. Note that, for constituting a PN
junction having steep transition of the conductivity type as described above, one con-
ductivity-type layer may have high concentration of impurities as described later.

In another example illustrated in Fig. 1C, the P+-type layer 12 having a higher
impurity concentration than normal has a PN junction with an N-type region 10n as a
portion of the photoelectric conversion element 10 having normal impurity con-
centration, for example. In other words, it is possible to consider that the PN junction
layer 13n is formed with the P+-type layer 12 and the N-type region 10n.

In addition, returning to Figs. 1A and 1B, the concentration of the impurities
contained in the PN junction layer 13 at an intersection CS where the plurality of light
shielding structures 31 intersects each other is lower than the concentration of the im-
purities contained in the PN junction layer 13 at portions other than the intersection
CS. Here, “The intersection CS at which the plurality of light shielding structures 31
intersects each other” here represents four corners of the pixel PXL configured in a
rectangular shape, for example. In all or a portion of the rectangular corners, the
impurity concentration of the PN junction layer 13 is lower than the other portions.

In addition, in some cases, a region of the partitioned pixel PXL is a recessed shape
recessed toward the pixel PXL side at the intersection CS where the plurality of light
shielding structures 31 intersects each other. As described above, the light shielding
structure 31 surrounds the pixel PXL in a rectangular shape and defines a region where
the photoelectric conversion element 10 is disposed. In some cases, at the intersection
CS corresponding to an apex of the rectangular pixel PXL, the apex itself might be
missing.

The solid-state imaging element 1 includes a light shielding structure 33 disposed on
a main surface 101a of a region of the silicon base 101 not overlapping with the photo-
electric conversion element 10. The light shielding structure 33 may penetrate through
the silicon base 101 and be adjacent to sidewalls of the P+-type layer 12. The light
shielding structure 33 has a stacked structure of a metal film and an insulating film

such as a SiO, film, for example, and suppresses transmission of light from the light
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incident surface. The light shielding structure 33 may be configured continuously with
or separately from the light shielding structures 31 and 32. A color filter 40 is disposed
on the main surface 101a of a region of the silicon base 101 overlapping with the pho-
toelectric conversion element 10. On the opposite side of the silicon base 101 of the
color filter 40, an on-chip lens 50 is disposed. The on-chip lens 50 collects light
emitted from the outside toward the silicon base 101. The collected light is guided to
the photoelectric conversion element 10 provided in the silicon base 101 via the color
filter 40.

The solid-state imaging element 1 includes a memory 20 as a charge holding unit of
N-type being a first conductivity type disposed in a region separated from the photo-
electric conversion element 10 by the light shielding structure 32 and surrounded by
the light shielding structure 33 and the light shielding structures 31 and 32. That is, the
memory 20 includes an N-type semiconductor region, for example. The memory 20
temporarily holds electric charge photoelectrically converted by the photoelectric
conversion element 10. This makes it possible to adopt a global shutter system that
performs simultaneous exposure and collective reading to be used in the solid-state
imaging element 1.

The solid-state imaging element 1 includes a PN junction layer 23 disposed con-
tinuously along the light shielding structure 33 and the light shielding structures 31 and
32, on the memory 20 sides of the light shielding structure 33 and the light shielding
structures 31 and 32. The PN junction layer 23 extends along the light shielding
structures 31 and 32, for example, to the main surface 101b on the side opposite to the
main surface 101a of the silicon base 101. Note that the PN junction layer 23 does not
exist in a region where a transfer transistor 80 or the like described later on the main
surface 101b side is disposed.

The PN junction layer 23 includes a P+-type layer 22 as a layer having a higher
impurity concentration than normal and as a layer of a second conductivity type
different from the first conductivity type. The P+type layer 22 having a higher
impurity concentration than normal means that at least part of the P+type layer 22
contains impurities of 1 x 10'%/cm? or more, for example. Furthermore, the P+-type
layer 22 has a carrier (hole) concentration of 1 x 10'¢/cm® or more at a boundary
between the main surface 101a and the light shielding structures 31 and 32. The PN
junction layer 23 includes an N*-type layer 21 as a layer of a first conductivity type
having an impurity concentration higher than normal and having a higher impurity
concentration than the memory 20. The N*-type layer 21 having a higher impurity con-
centration than normal means that at least part of the N*-type layer 21 contains im-
purities of 1 x 10'*/cm? or more, for example. The N*-type layer 21 is arranged on

more toward the memory 20 side than the P*-type layer 22 of the light shielding



WO 2020/116131 PCT/JP2019/044911

[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

structure 33 and the light shielding structures 31 and 32. The N*-type layer 21 and the
P+-type layer 22 are solid phase diffusion layers. Joining the N+-type layer 21 having a
high impurity concentration with the P+-type layer 22 having a high impurity con-
centration would allow sharp transition from one conductivity type to the other con-
ductivity type in the PN junction layer 23. Note that, for constituting a PN junction
having steep transition of the conductivity type as described above, one conductivity-
type layer may have high concentration of impurities as described later.

In another example illustrated in Fig. 1C, the P+-type layer 22 having a higher
impurity concentration than normal has a PN junction with an N-type region 20n as a
portion of the memory 20 having normal impurity concentration, for example. In other
words, it is possible to consider that the PN junction layer 23n is formed with the P+ -
type layer 22 and the N-type region 20n.

Furthermore, returning to Figs. 1A and 1B, at the intersection CS where the plurality
of light shielding structures 31 intersects each other, the concentration of the impurity
contained in the PN junction layer 23 is lower than the concentration of the impurity
contained in the PN junction layer 23 at a portion other than the intersection CS.

In addition, as described above, the light shielding structure 31 surrounds the pixel
PXL in a rectangular shape and defines a region where the memory 20 is disposed. In
addition, at the intersection CS, an apex itself of the rectangular pixel PXL might be
missing in some cases.

The solid-state imaging element 1 includes transfer transistors 70 and 80 arranged on
the main surface 101b side of the silicon base 101. The solid-state imaging element 1
includes pixel transistors (not illustrated) such as an amplification transistor, a reset
transistor, and a selection transistor, which are disposed on the main surface 101b side
of the silicon base 101. These transistors including the transfer transistors 70 and 80
are covered with an insulating film 90.

The transfer transistor 80 includes a gate electrode 81 and an N-type source region/
drain region in the silicon base 101 at the end of the gate electrode 81. The transfer
transistor 80 transfers the charge generated in the photoelectric conversion element 10
to the memory 20.

The transfer transistor 70 is disposed on a P-type semiconductor region 60 provided
above the photoelectric conversion element 10 in the silicon base 101. The P-type
semiconductor region 60 is disposed at a first side of the photoelectric conversion
element 10, which is a side that is opposite to a light-incident side of the photoelectric
conversion element 10. The transfer transistor 70 includes a gate electrode 71 and a
floating diffusion (FD) 72 as an N-type source region. The gate electrode 71 of the
transfer transistor 70 is embedded in the semiconductor region 60 and is coupled to the

photoelectric conversion element 10. For example, the gate electrode 71 extends into
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the photoelectric conversion element 10. The transfer transistor 70 transfers the charge
accumulated in the memory 20 to the FD 72.

The pixel transistor performs processing of reading the electric signal transferred
from the transfer transistor 70. An amplification transistor (not illustrated) generates an
amplified signal corresponding to the electric charge supplied from the FD 72. This
amplified signal is transmitted as an electric signal from the photoelectric conversion
element 10 to upper layer wiring (not illustrated) or the like via a selection transistor
(not illustrated). A reset transistor (not illustrated) resets (initializes) the potential of
the gate electrode of the amplification transistor to the power supply potential. The
reset transistor also functions as a transistor to reset the potential of the FD 72.

The electric signal transmitted to the upper layer wiring or the like is processed by a
logic circuit (not illustrated) or the like disposed around the plurality of pixels PXL,
and is output from the solid-state imaging element 1, for example. Alternatively, the
logic circuit may be provided on a substrate or the like which is a separate member
from the silicon base 101, and may be stacked above the silicon base 101, for example.

(Example of manufacturing processing of solid-state imaging element)

Next, an example of manufacturing processing of the solid-state imaging element 1
according to the first embodiment will be described with reference to Figs. 2Alto 5SB3.
Figs. 2A1to 5B3 are flowcharts each illustrating an example of a manufacturing
processing procedure of the solid-state imaging element 1 according to the first em-
bodiment of the present disclosure. Note that views in leftmost portions in Figs. 2A1to
5B3 are cross-sectional views taken along line A-A' of Fig. 1A in the manufacturing
processing of the solid-state imaging element 1. The second views from the left in
Figs. 2A1to 5B3 are cross-sectional views taken along line B-B' in Fig. 1A in the man-
ufacturing processing of the solid-state imaging element 1. The third views from the
left in Figs. 2A1 to 3D3 are cross-sectional views taken along line C-C'in Fig. 1A in
the manufacturing processing of the solid-state imaging element 1. Views in rightmost
portions in Figs. 2A1 to 3D3 are cross-sectional views taken along line D-D' of Fig. 1A
in the manufacturing processing of the solid-state imaging element 1.

As illustrated in Figs. 2A1, 2B1, 2C1, and 2D1, what is prepared is an SOI substrate
100 as a stacked substrate having a BOX layer 102 as an insulating layer and a silicon
layer 101s as a semiconductor layer arranged in this order on a silicon substrate 103 as
a semiconductor substrate. The silicon layer 101s is a portion to be the silicon base 101
of the solid-state imaging element 1 through the processing described below.

On the main surface 101b side of the silicon layer 101s of the SOI substrate 100, a
hardmask MK 1 having a hole pattern is formed. An example of the hardmask MK 1
can be an insulating film such as a SiN film.

Next to form is a pillar PL that penetrates the silicon layer 101s and the BOX layer
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102 to reach a predetermined depth of the silicon substrate 103. More specifically, dry
etching is performed onto the silicon layer 101s and the BOX layer 102, down to a pre-
determined depth of the silicon substrate 103 with the hardmask MK 1 as a mask so as
to form a through hole. Subsequently, the through hole is filled with polysilicon or the
like, so as to form the pillar PL. In this manner, the pillar PL penetrates from the main
surface 101b on the upper surface side of the silicon layer 101s down to a prede-
termined depth of the silicon substrate 103, making it possible to suppress separation
of the silicon layer 101s and the silicon substrate 103 in subsequent processing.

After removal of the hardmask MK 1, an N-type impurity is diffused into the silicon
layer 101s of the SOI substrate 100 by ion implantation or the like from the main
surface 101b side, so as to form a photoelectric conversion element 10 as an N-type
region. At this time, the memory 20 is also formed by ion implantation or the like from
the main surface 101b side of the silicon layer 101s.

As illustrated in Figs. 2A2, 2B2, 2C2, and 2D2, a hardmask MK 2 having an opening
at a portion corresponding to the groove FFTI is formed on the main surface 101b side
of the silicon layer 101s of the SOI substrate 100. An example of the hardmask MK 2
can be an insulating film such as a SiN film.

Next to form is a plurality of the grooves FFTI penetrating the silicon layer 101s and
defining a region in which the photoelectric conversion element 10 is formed with the
pillar PL as an intersection. At this time, a plurality of grooves FFTI for defining a
region in which the memory 20 is formed is also formed with the pillar PL as an in-
tersection. More specifically, using the hardmask MK 2 as a mask, dry etching is
performed on the silicon layer 101s to form the groove FFTI that penetrates the silicon
layer 101s to reach the BOX layer 102.

With this processing, regions corresponding to substantially rectangular pixels PXL
(refer to Fig. 1A) are arranged in a matrix, with the pillars PL being arranged at least in
a portion of the four corners of the rectangular region.

More specifically, the groove FFTI separating the photoelectric conversion element
10 from the memory 20 is formed in a region illustrated in Fig. 2A2. In a region 1il-
lustrated in Fig. 2B2, a groove FFTI for defining a region of the pixel PXL is formed
on the left side of the drawing, and a groove FFTI separating the photoelectric
conversion element 10 from the memory 20 is formed on the right side of the drawing,
across the silicon layer 101s by the grooves FFTIs.

In a region illustrated in Fig. 2C2 and 2D2, a groove FFTI defining the region of the
pixel PXL is formed so as to extend in four directions across the pillar PL. The pillar
PL comes into contact with the intersection CS where the apexes of the four pixels
PXL face each other in a direction orthogonal to the individual grooves FFTI.

After formation of the groove FFTI, a side wall protective film MKa extending from
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a lower end of the hardmask MK 2 to a predetermined depth is formed on a side wall
of the silicon layer 101s exposed by the groove FFTI, in a region where various
transistors are to be formed. The side wall protective film MKa is obtained by forming
a SiN film or the like by chemical vapor deposition (CVD), for example.

The BOX layer 102 is removed as illustrated in Figs. 2A3, 2B3, 2C3, and 2D3. The
BOX layer 102 can be removed by wet etching the SOI substrate 100 with a solution
such as Buffered Hydrogen Fluoride (BHF), for example. BHF is a mixture of NH,F
and HF.

This leads to generation of a gap between the silicon layer 101s and the silicon
substrate 103, and at this position, the pillar PL penetrating the silicon layer 101s is
disposed at the intersection CS of the groove FFTI and reaches a predetermined depth
of the silicon substrate 103. This pillar PL functions to maintain a state where the
silicon layer 101s and the silicon substrate 103 are connected. This prevents the silicon
layer 101s from peeling off from the silicon substrate 103 (or alternatively, reduces
peeling), and furthermore, prevents the silicon layers 101s partitioned into a plurality
of rectangles from falling apart (or alternatively, reduces falling apart).

As illustrated in Figs. 3A1, 3B1, 3C1, and 3D1, solid phase diffusion is applied on
the side wall exposed toward the groove FFTI of the silicon layer 101s and on the main
surface 101a that is exposed by removal of the BOX layer 102 of the silicon layer
101s. As aresult, N-type impurity as the first conductivity type is diffused from the
side wall of the silicon layer 101s and the main surface 101a to a predetermined depth.

More specifically, an insulating film ON containing a large amount of N-type im-
purities is formed on an exposed surface of the silicon layer 101s by isotropic CVD or
the like. An example of this insulating film ON is Phosphorus Silicon Glass (PSG)
containing a large amount of phosphorus, or the like. Note that the insulating film ON
is also formed on the surface of the pillar PL, the surface of the silicon substrate 103
exposed by removing the BOX layer 102, the surface of the hardmask MK 2, or the
like.

When the whole of the silicon layer 101s is annealed with the insulating film ON
formed on the exposed surface of the silicon layer 101s, N-type impurities are diffused
into the silicon layer 101s from the insulating film ON. A method of diffusing im-
purities from a solid film containing a large amount of impurities of a predetermined
conductivity type into a semiconductor layer such as the silicon layer 101s is referred
to as solid phase diffusion.

After the insulating film ON is removed by BHF or the like, the entire silicon layer
101s is further annealed. This allows the N-type impurities to be diffused from the
exposed surface to a predetermined depth of the silicon layer 101s. This leads to

formation of the N*-type layers 11 and 21.
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At this time, N-type impurities are not diffused on the side wall upper portion of the
silicon layer 101s protected by the side wall protective film MKa. This ensures regions
for forming the transfer transistors 70 and 80 or the like. Note that while N-type im-
purities are diffused also in the pillar PL. where the insulating film ON is formed on the
surface and also in the silicon substrate 103, this would have no influence on
subsequent processing. Moreover, N-type impurities are scarcely diffused in the silicon
layer 101s at the intersection CS of the grooves FFTT in which the pillar PL is
arranged. That is, the N+-type layers 11 and 21 are formed at a lower concentration
than in the others in the silicon layer 101s of the intersection CS.

As illustrated in Figs. 3A2, 3B2, 3C2, and 3D2, solid phase diffusion is applied on
the side wall exposed toward the groove FFTI of the silicon layer 101s and on the main
surface 101a that is exposed by removal of the BOX layer 102 of the silicon layer
101s. As aresult, P-type impurities of a second conductivity type different from the
first conductivity type are diffused from the side wall and the main surface 101a of the
silicon layer 101s to a depth shallower than the predetermined depth. Note that
diffusing the P-type impurities fully on the side surface of the groove FFTI of the
silicon layer 101s would improve the dark-time characteristic. Therefore, this solid
phase diffusion may be performed after the side wall protective film MKa on the side
surface of the groove FFTI has been removed and exposed.

More specifically, an insulating film OP containing a large amount of P-type im-
purities is formed on the exposed surface of the silicon layer 101s by isotropic CVD or
the like. An example of this insulating film OP is a Boron Silicon Glass (BSG)
containing a large amount of boron, or the like. Note that the insulating film OP is also
formed on the surface of the pillar PL, the surface of the silicon substrate 103 exposed
by removing the BOX layer 102, the surface of the hardmask MK 2, or the like.

When the whole of the silicon layer 101s is annealed with the insulating film OP
formed on the exposed surface of the silicon layer 101s, P-type impurities are diffused
into the silicon layer 101s from the insulating film OP. At this time, the diffusion depth
from the exposed surface of the silicon layer 101s is set to be shallower than the
diffusion depth of the N-type impurity. With this setting, the P+type layers 12 and 22
are formed on a surface layer of the silicon layer 101s while leaving the N+*-type layers
11 and 21 at deeper positions of the silicon layer 101s.

Here, solid phase diffusion is used to diffuse a large amount of P-type impurities
onto the surface layer of the silicon layer 101s originally being the N+-type layers 11
and 21 so as to respectively turn the layer to P+-type layers 12 and 22. Accordingly, the
P+-type layers 12 and 22 contain N-type impurities as well, in addition to the P-type
impurities. The N*-type layers 11 and 21 remaining in the inner portion of the silicon

layer 101s substantially contain N-type impurities alone.
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At this time, P-type impurities are not diffused on the side wall upper portion of the
silicon layer 101s protected by the side wall protective film MKa. This ensures regions
for forming the transfer transistors 70 and 80 or the like. Note that while P-type im-
purities are diffused also in the pillar PL. where the insulating film OP is formed on the
surface and also in the silicon substrate 103, this would have no influence on
subsequent processing. Moreover, P-type impurities are scarcely diffused in the silicon
layer 101s at the intersection CS of the grooves FFTT in which the pillar PL is
arranged. That is, the P+-type layers 12 and 22 are formed at a lower concentration than
in the others in the silicon layer 101s of the intersection CS.

As illustrated in Figs. 3A3, 3B3, 3C3, and 3D3, the insulating film OP is removed by
BHF or the like.

As illustrated in Figs. 4A1 and 4B1, the gap between the silicon layer 101s and the
silicon substrate 103 and the groove FFTI are filled with a filling film SC such as SiO,
film and a polysilicon film. Specifically, an SiO, film or the like is formed on the
exposed surface of the silicon layer 101s and the exposed surface of the silicon
substrate 103, and thereafter, a polysilicon film or the like is formed. Filling the filling
film SC in this manner makes it possible to suppress entry of particles or the like into
the groove FFTI or the like in subsequent processing.

As illustrated in Figs. 4A2 and 4B2, various transistors or the like are formed on the
main surface 101b side of the silicon layer 101s after the hardmask MK 2 has been
removed. Specifically, a P-type impurities are implanted into the region illustrated in
Fig. 4B2 by ion implantation or the like to form a P-type semiconductor region 60.
Furthermore, transfer transistors 70 and 80 (refer to Fig. 1B) and various pixel
transistors Tr are formed in the regions illustrated in Figs. 4A2 and 4B2. In addition,
N-type impurities are implanted into the region illustrated in Figs. 4A2 and 4B2 by ion
implantation or the like to form a source region and a drain region (not illustrated).
Thereafter, the entire main surface 101b of the silicon layer 101s is covered with the
insulating film 90.

The following steps are back surface treatment applied from the main surface 101a
side of the silicon layer 101s, that is, from the silicon substrate 103 side.

As illustrated in Figs. 4A3 and 4B3, the silicon substrate 103 and the filling film SC
are ground from the back side of the silicon substrate 103 opposite to the silicon layer
101s so as to expose the main surface 101a of the silicon layer 101s.

As illustrated in Figs. 5A1 and 5B1, a resist mask MK 3 having an opening as
formation region of the groove RDTI is formed on the main surface 101a side of the
silicon layer 101s. Subsequently, using the resist mask MK 3 as a mask, dry etching is
performed on the silicon layer 101s from the main surface 101a side so as to form a

groove RDTI separating the photoelectric conversion element 10 from the memory 20.
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The filling film SC is removed as illustrated in Figs. 5A2 and 5B2. At this time, the
pillar PL is also removed. Since the insulating film 90 and the like are formed on the
main surface 101b of the silicon layer 101s, the removal of the pillar PL. would not
allow the silicon layer 101s to fall apart.

As illustrated in Figs. 5A3 and 5B3, an insulating film such as a SiO, film and a
metal film are formed in the grooves FFTI and RDTI in this order, and thus, the light
shielding structures 31 and 32 are formed.

More specifically, the light shielding structure 32 separating the photoelectric
conversion element 10 from the memory 20 is formed in a region illustrated in Fig.
SA3. In aregion illustrated in Fig. 5B3, a light shielding structure 32 that separates the
photoelectric conversion element 10 from the memory 20 is formed in the grooves
RDTTI and FFTI extending in parallel to the surface of the drawing, and the light
shielding structure 31 that defines the pixel PXL is formed in the groove FFTI
extending perpendicular to the surface of the drawing.

Thereafter, other structures are added to the silicon layer 101s as a base. That is, an
insulating film and a metal film are formed in this order on a region of the main
surface 101a of the silicon base 101 overlapping with the memory 20, so as to form the
light shielding structure 33. The color filter 40 and the on-chip lens 50 are formed in a
region of the main surface 101a of the silicon layer 101s overlapping with the photo-
electric conversion element 10.

This completes the manufacturing processing of the solid-state imaging element 1
according to the first embodiment.

(Effects)

Next, effects of the solid-state imaging element 1 of the first embodiment will be
described with reference to the configuration of PTL 1.

The semiconductor device of PTL 1 has an intermediate concentration N-type region
and a P-type region on a side wall of an inter-pixel light shielding structure formed
between pixels. This configuration is provided to form an intense electric field region
to hold the charge in the photodiode, thereby improving the saturation charge amount
Qs. However, the saturation charge amount Qs is still insufficient in the electric field
enhancement on the side wall alone, and further improvement of the saturation charge
amount Qs is desired.

Accordingly, it is conceivable to form a PN junction layer also on a bottom surface
side of the photoelectric conversion element such as a photodiode so as to intensify the
electric field. However, it is extremely difficult to form a high concentration PN
junction layer continuously on different surfaces of the photoelectric conversion
element, that is, on the side surface side and the bottom surface side.

The solid-state imaging element 1 according to the first embodiment includes the PN
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junction layer 13 that continuously surrounds the side surface and the bottom surface
of the photoelectric conversion element 10. The PN junction layer 13n or the PN
junction layer 13 contains at least the high concentration P+-type layer 12 or contains
both the high concentration N*-type layer 11 and the high concentration P+-type layer
12, leading to steep transition from one of mutually differing conductivity types to the
other between the PN junction layers 13 or between the PN junction layers 13n,
resulting in further enhancement of the electric field on the side surface and the bottom
surface of the photoelectric conversion element 10. In addition, since the continuous
PN junction layer 13 is formed across the side surface and the bottom surface of the
photoelectric conversion element 10, the confinement of the electric charge generated
by the photoelectric conversion element 10 is further enhanced. Accordingly, the
saturation charge amount Qs in the photoelectric conversion element 10 can be
improved.

The solid-state imaging element 1 according to the first embodiment includes the PN
junction layer 23 that continuously surrounds a side surface and a bottom surface of the
memory 20. The PN junction layer 23n or the PN junction layer 23 contains at least the
high concentration P*-type layer 22 or contains both the high concentration N*-type
layer 21 and the high concentration P+-type layer 22, leading to steep transition from
one of mutually differing conductivity types to the other between the PN junction
layers 23 or between the PN junction layers 23n, resulting in enhancement of the
electric field on the side surface and the bottom surface of the memory 20. In addition,
since the continuous PN junction layer 23 is formed on the side surface and the bottom
surface of the memory 20, the confinement of charges held in the memory 20 is further
enhanced. Accordingly, the saturation charge amount Qs in the memory 20 can be
improved.

The solid-state imaging element 1 according to the first embodiment is manufactured
by using the SOI substrate 100. In the manufacturing processing of the solid-state
imaging element 1, the pillar PL that penetrates the silicon layer 101s and reaches the
silicon substrate 103 having a predetermined depth is formed. With this configuration,
the silicon layer 101s and the silicon substrate 103 are joined together after removal of
the BOX layer 102. In addition, since the gap between the silicon layer 101s and the
silicon substrate 103 is maintained, it is possible to continuously form the insulating
films ON and OP also on the main surface 101a being the bottom surface, in addition
to on the side surface of the silicon layer 101s. This makes it possible to form the PN
junction layers 13 and 23 that continuously cover the side surface and the bottom
surface of the photoelectric conversion element 10 and the memory 20.

There are cases where the PN junction layers 13 and 23 have lower concentration

than in the others at the intersection CS of the light shielding structure 31 on which the
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pillar PL is formed, that is, at the apex of the pixel PXL. Still, the low concentration
regions of the PN junction layers 13 and 23 are limited, and thus, would have no sub-
stantial influence on the saturation charge amount Qs of the photoelectric conversion
element 10 and the memory 20.
<Second embodiment>

Next, a solid-state imaging element 2 according to a second embodiment will be
described with reference to Figs. 6A and 6B. Figs. 6A and 6B are schematic views il-
lustrating a portion of the solid-state imaging element 2 according to the second em-
bodiment of the present disclosure. Fig. 6A is a cross-sectional view illustrating a
portion of the solid-state imaging element 2 according to the second embodiment. Fig.
6B is a cross-sectional view illustrating a portion of another example of the solid-state
imaging element 2 according to the second embodiment. The solid-state imaging
element 2 of the second embodiment is different from the above-described first em-
bodiment in that it does not include a memory.

As illustrated in Fig. 6A, the solid-state imaging element 2 includes: a silicon base
201 as a base of a semiconductor having a main surface 201a as a light incident
surface; and a plurality of light shielding structures 231 arranged along the thickness
direction of the silicon base 201. The light shielding structure 231 is provided in a
groove FFTIb of the silicon base 201 surrounding one pixel in a rectangular shape. The
groove FFTIb penetrates the silicon base 201. The light shielding structure 231 has a
stacked structure of a metal film and an insulating film such as a SiO, film, for
example, and suppresses transmission of light between the pixels.

The solid-state imaging element 2 includes an N-type photoelectric conversion
element 210 of a first conductivity type disposed in a region surrounded by the main
surface 201a and the light shielding structure 231. For example, one photoelectric
conversion element 210 is included in one pixel.

The solid-state imaging element 2 includes a PN junction layer 213 arranged con-
tinuously along the main surface 201a and the light shielding structures 231 on the
photoelectric conversion element 210 side of the main surface 201a and the light
shielding structures 231. The PN junction layer 213 extends along the light shielding
structure 231, for example, to the main surface 201b on the side opposite to the main
surface 201a of the silicon base 201.

The PN junction layer 213 includes a P+-type layer 212 having a higher impurity con-
centration than normal. The P+-type layer 212 having a higher impurity concentration
than normal means that at least part of the P+-type layer 212 contains impurities of 1 x
10'/cm? or more, for example. The PN junction layer 213 includes an N*-type layer
211 which has a higher impurity concentration than normal and has a higher impurity

concentration than the photoelectric conversion element 210. The N*-type layer 211
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having a higher impurity concentration than normal means that at least part of the N* -
type layer 211 contains impurities of 1 x 10'/cm? or more, for example. The N+-type
layer 211 is disposed on more toward the photoelectric conversion element 210 side on
the main surface 201a and the light shielding structures 231 of the silicon base 201,
than the P+-type layer 212. The N*-type layer 211 and the P*-type layer 212 are solid
phase diffusion layers. Joining the N*-type layer 211 with the P+-type layer 212 would
allow sharp transition from one conductivity type to the other conductivity type in the
PN junction layer 213. Note that, for constituting a PN junction having steep transition
of the conductivity type as described above, one conductivity-type layer may have high
concentration of impurities as described later.

In another example illustrated in Fig. 6B, the P+-type layer 212 having a higher
impurity concentration than normal has a PN junction with an N-type region 210n as a
portion of the photoelectric conversion element 210 having normal impurity con-
centration, for example. In other words, it is possible to consider that the PN junction
layer 213n is formed with the P*-type layer 212 and the N-type region 210n.

Furthermore, returning to Fig. 6A, the concentration of the impurities contained in
the PN junction layer 213 at an intersection where the plurality of light shielding
structures 231 intersects each other is lower than the concentration of the impurities
contained in the PN junction layer 213 at portions other than the intersection. The
impurity concentration of the PN junction layer 213 is lower than in the others in all or
a portion of the intersections at four corners of the rectangular pixel.

In addition, in some cases, a region of the partitioned pixel is a recessed shape
recessed toward the pixel side at the intersection where the plurality of light shielding
structures 231 intersects each other. That is, at the intersection, there are cases where
the apex itself of the rectangular pixel is missing.

The solid-state imaging element 2 includes a light shielding structure 233 disposed
on the main surface 201a of a region of the silicon base 201 not overlapping with the
photoelectric conversion element 210. A color filter 240 is disposed on the main
surface 201a of a region of the silicon base 201 overlapping with the photoelectric
conversion element 210. On the opposite side of the silicon base 201 of the color filter
240, an on-chip lens 250 is disposed.

The solid-state imaging element 2 includes a transfer transistor 270 arranged on the
main surface 201b side of the silicon base 201. The solid-state imaging element 2
includes a pixel transistor 280, such as an amplification transistor, a reset transistor,
and a selection transistor, disposed on the main surface 201b side of the silicon base
201. The transfer transistor 270 and the pixel transistor 280 are disposed on a P-type
semiconductor region 260 provided above the photoelectric conversion element 210 in

the silicon base 201, and further covered with an insulating film 290. The transfer
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transistor 270 and the pixel transistor 280 are electrically separated from each other by
an isolation region STI.

The transfer transistor 270 includes a gate electrode 271 and a floating diffusion (FD)
272 as an N-type source region. The gate electrode 271 of the transfer transistor 270
extends into the photoelectric conversion element 210, for example. The transfer
transistor 270 transfers the charge generated in the photoelectric conversion element
210 to the pixel transistor 280. The FD 272 temporarily holds the electric charge
generated in the photoelectric conversion element 210.

The pixel transistor 280 includes a gate electrode 281 and an N-type source region/
drain region. The pixel transistor 280 receives the transfer of the charges generated in
the photoelectric conversion element 210 and performs processing of reading an
electric signal corresponding to the amount of light received by the photoelectric
conversion element 210.

Similarly to the solid-state imaging element 1 of the first embodiment, the solid-state
imaging element 2 of the second embodiment is also manufactured by using an SOI
substrate. That is, after removal of the BOX layer, solid phase diffusion is performed
on the bottom surface and the side surface of the silicon layer to be the silicon base 201
while joining the silicon layer and the silicon substrate by the pillar.

The solid-state imaging element 2 according to the second embodiment also includes
the PN junction layer 213 or the PN junction layer 213n continuously arranged from
the bottom surface to the side surface of the photoelectric conversion element 210. Ac-
cordingly, effects similar to the case of the first embodiment are achieved.

<Third embodiment>

Next, a solid-state imaging element 3 according to a third embodiment will be
described with reference to Figs. 7A and 7B. Figs. 7A and 7B are schematic views il-
lustrating a portion of the solid-state imaging element 3 according to the third em-
bodiment of the present disclosure. Fig. 7A is a cross-sectional view illustrating a
portion of the solid-state imaging element 3 according to the third embodiment. Fig.
7B is a cross-sectional view illustrating a portion of another example of the solid-state
imaging element 3 according to the third embodiment. The solid-state imaging element
3 according to the third embodiment is different from the above-described first em-
bodiment in that a memory 320 is vertically stacked on a photoelectric conversion
element 310.

As illustrated in Fig. 7A, the solid-state imaging element 3 includes: a silicon base
301 as a base of a semiconductor having a main surface 301a as a light incident
surface; and a plurality of light shielding structures 331 arranged along the thickness
direction of the silicon base 301. The light shielding structure 331 is provided in a

groove FFTIc of the silicon base 301 surrounding one pixel in a rectangular shape. The
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groove FFTIc penetrates the silicon base 301. The light shielding structure 331 has a
stacked structure of a metal film and an insulating film such as a SiO, film, for
example, and suppresses transmission of light between the pixels.

The solid-state imaging element 3 includes an N-type photoelectric conversion
element 310 of a first conductivity type disposed in a region surrounded by the main
surface 301a and the light shielding structure 331. On the photoelectric conversion
element 310, a P-type semiconductor region 310c is disposed in contact with the pho-
toelectric conversion element 310. For example, one photoelectric conversion element
310 is included in one pixel.

The solid-state imaging element 3 includes a light shielding structure 332 arranged in
a direction along the main surface 301a of the silicon base 301, in a region above the
photoelectric conversion element 310 of the silicon base 301. The light shielding
structure 332 separates the photoelectric conversion element 310 from the memory
320, included in one pixel. The light shielding structure 331 has a stacked structure of
a metal film and an insulating film such as a SiO, film, for example, and suppresses
transmission of light between the photoelectric conversion element 310 and the
memory 320.

The solid-state imaging element 3 includes the memory 320 as a charge holding unit
of N-type arranged in a region separated from the photoelectric conversion element
310 by the light shielding structure 332 and surrounded by the light shielding structure
332 and the light shielding structures 331. That is, the memory 320 includes, for
example, an N-type semiconductor region. For example, one memory 320 is included
in one pixel.

The solid-state imaging element 3 includes a PN junction layer 313 arranged con-
tinuously along the main surface 301a and the light shielding structures 331 on the
photoelectric conversion element 310 side and the memory 320 side of the main
surface 301a and the light shielding structures 331. The PN junction layer 313 extends
along the light shielding structure 331, for example, to the main surface 301b on the
side opposite to the main surface 301a of the silicon base 301.

The PN junction layer 313 includes a P+-type layer 312 having a higher impurity con-
centration than normal. The P+-type layer 312 having a higher impurity concentration
than normal means that at least part of the P+-type layer 312 contains impurities of 1 x
10'/cm? or more, for example. The PN junction layer 313 includes an N*-type layer
311 having a higher impurity concentration than normal and having a higher impurity
concentration than the photoelectric conversion element 310 and the memory 320. The
N*-type layer 311 having a higher impurity concentration than normal means that at
least part of the N*-type layer 311 contains impurities of 1 x 10'¢/cm* or more, for

example. The N*-type layer 311 is disposed on more toward the photoelectric
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conversion element 310 side and the memory 320 side on the main surface 301a and
the light shielding structures 331 of the silicon base 301, than the P+-type layer 312.
The N*-type layer 311 and the P+-type layer 312 are solid phase diffusion layers.
Joining the N*-type layer 311 with the P+-type layer 312 would allow steep transition
from one conductivity type to the other conductivity type in the PN junction layer 313.
Note that, for constituting a PN junction having steep transition of the conductivity
type as described above, one conductivity-type layer may have high concentration of
impurities as described later.

In another example illustrated in Fig. 7B, the P+-type layer 312 having a higher
impurity concentration than normal has a PN junction with an N-type region 310n as a
portion of the photoelectric conversion element 310 having normal impurity con-
centration, for example. In other words, it is possible to consider that the PN junction
layer 313n is formed with the P+-type layer 312 and the N-type region 310n.

Furthermore, returning to Fig. 7A, the concentration of the impurities contained in
the PN junction layer 313 at an intersection where the plurality of light shielding
structures 331 intersects each other is lower than the concentration of the impurities
contained in the PN junction layer 313 at portions other than the intersection. The
impurity concentration of the PN junction layer 313 is lower than in the others in all or
a portion of the intersections at four corners of the rectangular pixel.

In addition, in some cases, a region of the partitioned pixel is a recessed shape
recessed toward the pixel side at the intersection where the plurality of light shielding
structures 331 intersects each other. That is, at the intersection, there are cases where
the apex itself of the rectangular pixel is missing.

The solid-state imaging element 3 includes a light shielding structure 333 disposed
on the main surface 301a of a region of the silicon base 301 not overlapping with the
photoelectric conversion element 310. A color filter 340 is disposed on the main
surface 301a of a region of the silicon base 301 overlapping with the photoelectric
conversion element 310. On the opposite side of the silicon base 301 of the color filter
340, an on-chip lens 350 is disposed.

The solid-state imaging element 3 includes transfer transistors 370 and 380 arranged
on the main surface 301b side of the silicon base 301. The solid-state imaging element
3 includes pixel transistors (not illustrated) such as an amplification transistor, a reset
transistor, and a selection transistor, which are disposed on the main surface 301b side
of the silicon base 301. These transistors including the transfer transistors 370 and 380
are covered with an insulating film 390.

The transfer transistor 370 includes a gate electrode 371 and a floating diffusion (FD)
372 as an N-type source region. The transfer transistor 370 transfers the charge ac-
cumulated in the memory 320 to the FD 372.



22

WO 2020/116131 PCT/JP2019/044911

[0104]  The transfer transistor 380 includes a gate electrode 381 and an N-type source
region/drain region. The gate electrode 381 of the transfer transistor 380 penetrates the
light shielding structure 332, for example, and is in contact with an end portion of the
photoelectric conversion element 310. The transfer transistor 380 transfers the charge
accumulated in the FD 372 to the memory 320.

[0105]  Similarly to the solid-state imaging element 1 of the first embodiment, the solid-state
imaging element 3 is also manufactured by using an SOI substrate. That is, after
removal of the BOX layer, solid phase diffusion is performed on the bottom surface
and the side surface of the silicon layer to be the silicon base 301 while joining the
silicon layer and the silicon substrate by the pillar.

[0106]  The solid-state imaging element 3 according to the third embodiment also includes
the PN junction layer 313 or the PN junction layer 313n continuously arranged from
the bottom surface to the side surface of the photoelectric conversion element 310. Ac-
cordingly, effects similar to the case of the first embodiment are achieved.

[0107] <Fourth embodiment>

Next, a camera 600 as an electronic device according to a fourth embodiment will
be described with reference to Fig. 8. Fig. 8 is a block diagram illustrating an example
of a configuration of the camera 600 according to the fourth embodiment of the present
disclosure. The camera 600 is equipped with the solid-state imaging element 1 or the
like of the above-described first embodiment.

[0108]  Asillustrated in Fig. 8, the camera 600 includes an imaging device 610, an optical
system 620, a driving circuit 630, and a signal processing circuit 640.

[0109]  The imaging device 610 is implementable by applying the solid-state imaging
elements 1 to 3 or the like respectively described in the first to third embodiments.

[0110]  The optical system 620 guides incident light to a pixel region of the imaging device
610. The optical system 620 is a lens or the like that captures incident light from a
subject and forms an image on an imaging surface of the imaging device 610.

[0111]  The driving circuit 630 drives the imaging device 610. Specifically, the driving
circuit 630 includes a timing generator that generates various timing signals including
a start pulse and a clock pulse for driving the circuit in the imaging device 610. Then,
the driving circuit 630 drives the imaging device 610 by using a predetermined timing
signal.

[0112]  The signal processing circuit 640 performs processing on an output signal from the
imaging device 610. The image signal processed by the signal processing circuit 640 is
recorded on a recording medium such as a memory, for example. The image in-
formation recorded on the recording medium is saved in the form of a hard copy by a
printer or the like. The video signal processed by the signal processing circuit 640 is

displayed as a moving image on a monitor formed with a liquid crystal display or the
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[0113]  The camera 600 is equipped with the solid-state imaging element 1 or the like of the

[0114]

[0115]

[0116]

first embodiment, so as to implement the high precision camera 600.

Note that effects described here in the present specification are provided for purposes
of exemplary illustration and are not intended to be limiting. Still other effects may
also be contemplated.

<Other embodiments>

While each of the above-described solid-state imaging elements 1 to 3 or the like of
the first to third embodiments is a case where the photoelectric conversion element and
the memory include the N-type semiconductor region, the present disclosure is not
limited to this. The photoelectric conversion element and the memory may include a P-
type semiconductor region. In this case, the conductivity types of other configurations
are switched as appropriate. For example, the PN junction layer or the like disposed
around the photoelectric conversion element and the memory may be configured such
that the photoelectric conversion element side and the memory side portion is set as the
P+-type layer and the outside thereof is set as the N*-type layer.

Note that the present technology may also be configured as follows.

ey

An imaging device, comprising:

a photoelectric conversion region disposed in a substrate and having a first con-
ductivity type;

a first region having a second conductivity type and disposed in the substrate at a
first side of the photoelectric conversion region in a cross-sectional view, the first side
of the photoelectric conversion region being opposite to a light-incident side of the
photoelectric conversion region, the second conductivity type being opposite the first
conductivity type;

a second region having the second conductivity type at a higher impurity con-
centration than the first region and disposed in the substrate around three sides of the
photoelectric conversion region other than the first side of the photoelectric conversion
region in the cross-sectional view; and

a light shielding structure that penetrates through the substrate and that is adjacent
to sidewalls of the second region.

03

The imaging device of (1), further comprising:

a third region between the second region and the photoelectric conversion region,
the third region having the first conductivity type at a higher impurity concentration

than the photoelectric conversion region.

3)



24

WO 2020/116131 PCT/JP2019/044911

The imaging device of one or more of (1) to (2), further comprising:

a memory disposed in the substrate and having the first conductivity type; and

a first transfer transistor that transfers charge from the photoelectric conversion
region to the memory; and

a second transfer transistor that transfers charge from the memory to a readout
circuit.

C))

The imaging device of one or more of (1) to (3), wherein the second transfer transistor
includes a gate having a portion embedded in the first region and coupled to the photo-
electric conversion region.

&)

The imaging device of one or more of (1) to (4), further comprising:

a third region having the second conductivity type and disposed in the substrate
around three sides of the memory in the cross-sectional view.
(6)

The imaging device of one or more of (1) to (5),

a fourth region disposed around the three sides of the photoelectric conversion
region and having the first conductivity type at a higher impurity concentration than
the photoelectric conversion region; and

a fifth region disposed around the three sides of the memory and having the first
conductivity type at a higher impurity concentration than the memory.

(7N

The imaging device of one or more of (1) to (6), wherein the light shielding structure
includes a portion between the photoelectric conversion region and the memory.

(8)

The imaging device of one or more of (1) to (7), wherein the light shielding structure is
adjacent to three sides of the memory in the cross sectional view.

€))

The imaging device of one or more of (1) to (8), wherein a gate of the first transfer
transistor and a gate of the second transfer transistor include portions on the first
region.

(10)

The imaging device of one or more of (1) to (9), further comprising:

an insulation layer disposed over the gates of the first and second transfer transistors.
(11)

An imaging device, comprising:
a photoelectric conversion region disposed in a substrate and having a first con-

ductivity type;
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a first region having a second conductivity type and disposed in the substrate at a
first side of the photoelectric conversion region in a cross sectional view, the first side
of the photoelectric conversion region being opposite to a light-incident side of the
photoelectric conversion region, the second conductivity type being opposite the first
conductivity type;

a second region having a second conductivity type and disposed on at least the light-
incident side of the photoelectric conversion region, the second conductivity type being
opposite the first conductivity type; and

a light shielding structure that penetrates through the substrate and that is adjacent to
sidewalls of the first region.

(12)
The imaging device of (11), further comprising:

a third region between the second region and the light-incident side of the photo-
electric conversion region, the third region having the first conductivity type at a
higher impurity concentration than the photoelectric conversion region.

(13)
The imaging device of one or more of (11) to (12), further comprising:

a memory having the first conductivity type disposed in the substrate adjacent to the
photoelectric conversion region and configured to store charge generated by the photo-
electric conversion region; and

a third region having the second conductivity type and disposed in the substrate
around three sides of the memory in a cross-sectional view.

(14)
The imaging device of one or more of (11) to (13), further comprising:

a fourth region between the second region and the light-incident side of the photo-
electric conversion region and having the first conductivity type at a higher impurity
concentration than the photoelectric conversion region; and

a fifth region disposed around the three sides of the memory and having the first
conductivity type at a higher impurity concentration than the memory.

(15)

The imaging device of one or more of (11) to (14), wherein the light shielding structure
is disposed around three sides of the memory in the cross sectional view.

(16)

A method, comprising:

forming a stack of a semiconductor substrate, an insulator, and a semiconductor
layer;

forming an implant region of a first conductivity type in the semiconductor layer;

forming at least one groove in the implant region to define a pixel including a photo-
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[0117]

electric conversion region and a memory;
forming first regions of a second conductivity type in the at least one groove along
three sides of the memory and on at least a light-incident side of the photoelectric
conversion region, the second conductivity type being opposite the first conductivity
type; and
forming a light-shielding structure on sidewalls of the first regions.
(17)
The method of one or more of (16), further comprising:
prior to forming the first regions:
forming a through-hole through the semiconductor layer and the insulator to a
desired depth in the semiconductor substrate;
depositing a material into the through-hole; and
removing the insulator to form a gap between the semiconductor substrate and the
semiconductor layer.
(18)
The method of one or more of (16) to (17), wherein forming the first regions includes:
forming a first insulating layer in the at least one groove and in the gap, the first in-
sulating layer having impurities of the second conductivity type; and
annealing the first insulating layer.
(19)
The method of one or more of (16) to (18), further comprising:
forming a first insulating layer in the at least one groove and in the gap, the first in-
sulating layer having impurities of the first conductivity type; and
annealing the first insulating layer to create a second region of the first conductivity
type having an impurity concentration higher than the implant region.
(20)
The method of one or more of (16) to (19), wherein forming the first regions includes:
forming a second insulating layer in the at least one groove, the second insulating
layer having impurities of a second conductivity type opposite the first conductivity
type; and
annealing the second insulating layer.
Reference Signs List
1, 1a,2,3 Solid-state imaging element
10, 210, 310 Photoelectric conversion element
11,21, 111, 121,211,311  N*type layer
12,22,212,312 P+type layer
13,23, 113, 123,213,313 PN junction layer



27

WO 2020/116131 PCT/JP2019/044911

20,320 Memory

31,32,231,331 Light shielding structure
33, 233,332,333 Light shielding structure
70, 80, 270, 370, 380 Transfer transistor
101, 201, 301 Silicon base
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Claims

[Claim 1] An imaging device, comprising:

a photoelectric conversion region disposed in a substrate and having
a first conductivity type;

a first region having a second conductivity type and disposed in the
substrate at a first side of the photoelectric conversion region in a cross-
sectional view, the first side of the photoelectric conversion region
being opposite to a light-incident side of the photoelectric conversion
region, the second conductivity type being opposite the first con-
ductivity type;

a second region having the second conductivity type at a higher
impurity concentration than the first region and disposed in the
substrate around three sides of the photoelectric conversion region
other than the first side of the photoelectric conversion region in the
cross-sectional view; and

a light shielding structure that penetrates through the substrate and
that is adjacent to sidewalls of the second region.

[Claim 2] The imaging device of claim 1, further comprising:

a third region between the second region and the photoelectric
conversion region, the third region having the first conductivity type at
a higher impurity concentration than the photoelectric conversion
region.

[Claim 3] The imaging device of claim 1, further comprising:

a memory disposed in the substrate and having the first conductivity
type; and

a first transfer transistor that transfers charge from the photoelectric
conversion region to the memory; and

a second transfer transistor that transfers charge from the memory to
a readout circuit.

[Claim 4] The imaging device of claim 3, wherein the second transfer transistor
includes a gate having a portion embedded in the first region and
coupled to the photoelectric conversion region.

[Claim 5] The imaging device of claim 3, further comprising:

a third region having the second conductivity type and disposed in
the substrate around three sides of the memory in the cross-sectional
view.

[Claim 6] The imaging device of claim 5,
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[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]
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a fourth region disposed around the three sides of the photoelectric
conversion region and having the first conductivity type at a higher
impurity concentration than the photoelectric conversion region; and

a fifth region disposed around the three sides of the memory and
having the first conductivity type at a higher impurity concentration
than the memory.

The imaging device of claim 3, wherein the light shielding structure
includes a portion between the photoelectric conversion region and the
memory.

The imaging device of claim 7, wherein the light shielding structure is
adjacent to three sides of the memory in the cross sectional view.

The imaging device of claim 3, wherein a gate of the first transfer
transistor and a gate of the second transfer transistor include portions
on the first region.

The imaging device of claim 9, further comprising:

an insulation layer disposed over the gates of the first and second
transfer transistors.

An imaging device, comprising:

a photoelectric conversion region disposed in a substrate and having
a first conductivity type;

a first region having a second conductivity type and disposed in the
substrate at a first side of the photoelectric conversion region in a cross
sectional view, the first side of the photoelectric conversion region
being opposite to a light-incident side of the photoelectric conversion
region, the second conductivity type being opposite the first con-
ductivity type;

a second region having a second conductivity type and disposed on
at least the light-incident side of the photoelectric conversion region,
the second conductivity type being opposite the first conductivity type;
and

a light shielding structure that penetrates through the substrate and
that is adjacent to sidewalls of the first region.

The imaging device of claim 11, further comprising:

a third region between the second region and the light-incident side
of the photoelectric conversion region, the third region having the first
conductivity type at a higher impurity concentration than the photo-
electric conversion region.

The imaging device of claim 11, further comprising:
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[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]

30
PCT/JP2019/044911

a memory having the first conductivity type disposed in the substrate
adjacent to the photoelectric conversion region and configured to store
charge generated by the photoelectric conversion region; and

a third region having the second conductivity type and disposed in
the substrate around three sides of the memory in a cross-sectional
view.

The imaging device of claim 13,

a fourth region between the second region and the light-incident side
of the photoelectric conversion region and having the first conductivity
type at a higher impurity concentration than the photoelectric
conversion region; and

a fifth region disposed around the three sides of the memory and
having the first conductivity type at a higher impurity concentration
than the memory.

The imaging device of claim 13, wherein the light shielding structure is
disposed around three sides of the memory in the cross sectional view.
A method, comprising:

forming a stack of a semiconductor substrate, an insulator, and a
semiconductor layer;

forming an implant region of a first conductivity type in the semi-
conductor layer;

forming at least one groove in the implant region to define a pixel
including a photoelectric conversion region and a memory;

forming first regions of a second conductivity type in the at least one
groove along three sides of the memory and on at least a light-incident
side of the photoelectric conversion region, the second conductivity
type being opposite the first conductivity type; and

forming a light-shielding structure on sidewalls of the first regions.
The method of claim 16, further comprising:

prior to forming the first regions:

forming a through-hole through the semiconductor layer and the
insulator to a desired depth in the semiconductor substrate;
depositing a material into the through-hole; and
removing the insulator to form a gap between the semiconductor
substrate and the semiconductor layer.
The method of claim 17, wherein forming the first regions includes:
forming a first insulating layer in the at least one groove and in the

gap, the first insulating layer having impurities of the second con-
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[Claim 19]

[Claim 20]
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ductivity type; and

annealing the first insulating layer.
The method of claim 17, further comprising:

forming a first insulating layer in the at least one groove and in the
gap, the first insulating layer having impurities of the first conductivity
type; and

annealing the first insulating layer to create a second region of the
first conductivity type having an impurity concentration higher than the
implant region.
The method of claim 19, wherein forming the first regions includes:

forming a second insulating layer in the at least one groove, the
second insulating layer having impurities of a second conductivity type
opposite the first conductivity type; and

annealing the second insulating layer.
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