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ing is provided. Moreover, embodiments of the present disclosure provide for the
creation of light blocking features (32) that avoid the creation of stress concentra-
( tions. More particularly, embodiments of the present disclosure provide for the
creation of light blocking structures (32) using trenches formed in a substrate (44)
that are arranged such that no two trenches intersect one another.
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Description

Title of Invention: IMAGING DEVICE

Technical Field

The present disclosure relates to image pickup elements and image pickup devices,
and more particularly, to an image pickup element and an image pickup device with
which color mixing of an image signal obtained by the image pickup element is

suppressed and the S/N ratio of the image signal is increased.

Background Art

Complementary metal oxide semiconductor (CMOS) image sensors (hereinafter
referred to as CIS) are used as image pickup elements in, for example, digital still
cameras and digital video cameras. With the increase in the number of pixels and
reduction in optical size of the CIS, the pixel size has been reduced and the pixel
density has been increased.

As aresult of the reduction in pixel size and increase in pixel density, sensitivity per
unit pixel has been reduced and there is a possibility that a signal-to-noise (S/N) ratio
will be reduced and image quality will be degraded. In addition, since the distance
between the adjacent pixels has been reduced, there is a possibility that pixels expected
to receive only light in a specific wavelength range (for example, green light) will
receive light in other wavelength ranges (for example, red or blue light) and color
mixing will occur, which leads to a reduction in color reproducibility.

To solve the above-described problems, a back-illuminated CIS in which a grid-
shaped light-shielding material is arranged so as to extend between the adjacent pixels
has been proposed. In this back-illuminated CIS, light is incident on a back surface at
the side opposite to a front surface on which a wiring layer is formed, and the incident
light reaches a photodiode (PD) region of a silicon (Si) substrate without being blocked
by the wiring layer. Therefore, the reduction in sensitivity per unit pixel can be
suppressed.

In addition, obliquely incident light is reflected by the grid-shaped light-shielding
material arranged so as to extend between the adjacent pixels, and is suppressed from
being incident on pixels other than the pixels on which the light is expected to be
incident. As a result, color mixing can be reduced and reduction in color repro-

ducibility can be suppressed.
Summary of Invention

The present disclosure provides an image pickup element in which color mixing of

an image signal can be suppressed, the S/N ratio of the image signal can be increased,
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and reduction in pixel size and increase in pixel density can be achieved at a practically
applicable level.

According to an embodiment of the present disclosure, there is provided an image
pickup device including a substrate, a plurality of pixels formed in the substrate, and a
plurality of trenches formed in the substrate and extending at least partially between
pairs of pixels included in the plurality of pixels. According to an embodiment of the
present disclosure, at least two trenches in the plurality of trenches are formed along at
least a first line that extends between a plurality of pixels. In accordance with still other
embodiments, no two trenches cross one another.

The device can additionally include a substrate light shielding material that fills the
plurality of trenches. In accordance with further embodiments, at least one pixel in the
plurality of pixels is not completely surrounded by the substrate light shielding
material. The substrate light shielding material can further define a perimeter that sub-
stantially surrounds each pixel in the plurality of pixels, and with respect to each pixel
in the plurality of pixels there is at least one gap in the perimeter formed by the
substrate light shielding material.

The image pickup device can further include an upper layer light shielding material.
The upper layer light shielding material and the substrate light shielding material can
be made from an insulating material, including but not limited to silicon oxide,
titanium oxide, silicon nitride, aluminum oxide, tantalum oxide, or hafnium oxide, or a
metal material including but not limited to tungsten, aluminum, titanium nitride,
titanium, or copper.

In accordance with at least some embodiments, at least two trenches are formed
along at least a second line that extends between a plurality of pixels. The first line can
be one of parallel to and perpendicular to the second line. In accordance with still other
embodiments, the plurality of pixels are arranged in rows and columns, wherein the
first line extends between one of two adjacent rows of pixels and two adjacent columns
of pixels. In accordance with still further embodiments, each pixel can be associated
with at least four trenches.

According to a further embodiment, an image pickup device is provided that includes
a substrate, a plurality of pixels, and a plurality of trenches. The plurality of trenches
are formed in the substrate, wherein at least some of the trenches are between adjacent
pairs of pixels, and wherein no one trench extends across any other trench.

At least some of the trenches included in the plurality of trenches can be formed
along a first plurality of parallel lines, wherein more than one trench included in the
plurality of trenches is formed along each line in the first plurality of lines. In ac-
cordance with still other embodiments, at least some of the trenches are formed along a

second plurality of parallel lines, wherein only trench is formed along each line in the
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second plurality of lines. The plurality of pixels can be arranged in rows and columns,
wherein the first plurality of parallel lines extend between one of adjacent rows of

pixels and adjacent columns of pixels.
The image pickup device can additionally include a substrate light shielding material,

wherein the trenches in the plurality of trenches are filled with the substrate light
shielding material.

The image pickup device can also include an upper layer light shielding material,
wherein the upper layer light shielding material extends between the pixels.

The substrate light shielding material and the upper layer light shielding material can
be made of an insulating material including at least one of silicon oxide, titanium
oxide, silicon nitride, aluminum oxide, tantalum oxide, or hafnium oxide, or a metal
material such as tungsten, aluminum, titanium nitride, titanium, or copper.

In accordance with still other embodiments, an imaging device including a substrate,
a plurality of pixels, a plurality of trenches, and a substrate light shielding material is
provided. The plurality of pixels are formed in the substrate. The plurality of trenches
are formed in the substrate, and at least some of the trenches extend between pairs of
the pixels. The substrate light shielding material fills the trenches included in the
plurality of trenches, wherein with respect to each pixel in the plurality of pixels there
exists at least one gap in the substrate light shielding material.

The plurality of pixels can be arranged in rows in columns with respect to a light
incident side of the substrate. Moreover, each trench in the plurality of trenches does
not intersect any other trench.

In accordance with embodiments of the present disclosure, color mixing between the
pixels can be suppressed, the S/N ratio can be increased, and a reduction in pixel size
and an increase in pixel density can be achieved at a practically applicable level.

According to further embodiments of the present disclosure, an image can be
captured such that color mixing between the pixels is suppressed, the S/N ratio is
increased, and a reduction in pixel size and an increase in pixel density are achieved at
a practically applicable level.

Additional features and advantages of embodiments of the present disclosure will
become more readily apparent from the following description, particularly when taken
together with the accompanying drawings.

Brief Description of Drawings

[fig.1]Fig. 1 illustrates a conventional back-illuminated CIS viewed from a light
incident side.

[fig.2A]Fig. 2A is a sectional view of the conventional back-illuminated CIS illustrated
in Fig. 1 taken along line ITA-IIA.
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[fig.2B]Fig. 2B is a sectional view of the conventional back-illuminated CIS illustrated
in Fig. 1 taken along line IIB-IIB.

[fig.3A]Fig. 3A illustrates an upper Si layer of a back-illuminated CIS in accordance
with embodiments of the present disclosure, viewed from a light incident side;
[fig.3B]Fig. 3B illustrates a Si substrate of the back-illuminated CIS in accordance
with embodiments of the present disclosure, viewed from a light incident side;
[fig.4]Fig. 4 is a sectional view of the back-illuminated CIS illustrated in Figs. 3A and
3B taken along line IV-1V;

[fig.5]Fig. 5 is a sectional view of the back-illuminated CIS illustrated in Figs. 3A and
3B taken along line V-V;

[fig.6]Fig. 6 is a sectional view of the back-illuminated CIS illustrated in Figs. 3A and
3B taken along line VI-VI;

[fig.7]Fig. 7 illustrates a first modification including a modified trench shape in ac-
cordance with embodiments of the present disclosure;

[fig.8]Fig. 8 illustrates a second modification including a modified pixel shape in ac-
cordance with embodiments of the present disclosure;

[fig.9]Fig. 9 illustrates a third modification including a modified Si upper layer in ac-
cordance with embodiments of the present disclosure;

[fig.10]Fig. 10 illustrates a fourth modification with a charge-fixed film in accordance
with embodiments of the present disclosure;

[fig.11]Fig. 11 is a graph showing the color mixing characteristics with respect to the
incident angle;

[fig.12A]Fig. 12A illustrates an example of a fifth modification with modified trenches
in accordance with other embodiments of the present disclosure;

[fig.12B]Fig. 12B illustrates another example of the fifth modification with modified
trenches in accordance with other embodiments of the present disclosure;

[fig.13]Fig. 13 is a graph showing the color mixing characteristics with respect to the
incident angle;

[fig.14A]Fig. 14A illustrates an example of a sixth modification with modified
trenches in accordance with embodiments of the present disclosure;

[fig.14B]Fig. 14B illustrates another example of the sixth modification with modified
trenches in accordance with embodiments of the present disclosure;

[fig.15]Fig. 15 illustrates a seventh modification with modified trenches in accordance
with embodiments of the present disclosure;

[fig.16A]Fig. 16A illustrates an example of an eighth modification with modified
trenches in accordance with embodiments of the present disclosure;

[fig.16B]Fig. 16B illustrates another example of the eighth modification with modified

trenches in accordance with embodiments of the present disclosure;
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[fig.17]Fig. 17 illustrates an example of a ninth modification with modified trenches in
accordance with embodiments of the present disclosure;

[fig. 18A]Fig. 18A illustrates another example of a tenth modification with modified
trenches in accordance with embodiments of the present disclosure;

[fig. 18B]Fig. 18B illustrates another example of the tenth modification with modified
trenches in accordance with embodiments of the present disclosure;

[fig.18C]Fig. 18C illustrates another example of the tenth modification with modified
trenches in accordance with embodiments of the present disclosure;

[fig.18D]Fig. 18D illustrates another example of the tenth modification with modified
trenches in accordance with embodiments of the present disclosure;

[fig. 18E]Fig. 18E illustrates another example of the tenth modification with modified
trenches in accordance with embodiments of the present disclosure; and

[fig. 18F]Fig. 18F illustrates another example of the tenth modification with modified
trenches in accordance with embodiments of the present disclosure.

Description of Embodiments

[0022]  Fig. 1 illustrates a conventional back-illuminated CIS viewed from a light incident
side, the back-illuminated CIS including a grid-shaped light-shielding material
arranged so as to extend between the adjacent pixels. Figs. 2A and 2B are sectional
views of the back-illuminated CIS 10 illustrated in Fig. 1 taken along lines ITA-IIA and
[IB-1IB, respectively.

[0023]  The conventional back-illuminated CIS 10 includes a grid-shaped trench (groove)
formed so as to extend between pixels 12 on a silicon (Si) substrate 13 having a
photodiode (PD) region in which photoelectric conversion is performed. The trench is
filled with a light-shielding material 11.

[0024]  In the back-illuminated CIS 10, color mixing is reduced and reduction in color repro-
ducibility is suppressed owing to the grid-shaped light-shielding material 11 arranged
so as to extend between the adjacent pixels 12. However, the grid-shaped trench
includes vertical and horizontal trenches that intersect at crossing portions (hereinafter
referred to as trench crossing portions), and various problems occur at the trench
crossing portions.

[0025]  Thatis, owing to the light-shielding material 11 which fills the trench crossing
portions, stress concentration may occur in the Si substrate 13 in regions surrounding
the trench crossing portions and serve as a source of noise in the image signal.

[0026]  Asillustrated in Fig. 2A, the Si substrate 13 tends to be relatively deeply etched at
the trench crossing portions. Accordingly, defects may occur in the trench crossing
portions and serve as a source of noise in the image signal.

[0027]  When the grid-shaped trench is filled with the light-shielding material 11, voids are
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more easily formed in the trench crossing portions than in portions other than the
trench crossing portions. It is therefore difficult to uniformly fill the grid-shaped trench
with the light-shielding material 11 over the entire region thereof.

As illustrated in Fig. 2B, a relatively thick insulating film (film of light-shielding
material) 15 is formed on the Si substrate 13 when the grid-shaped trench is filled with
the light-shielding material 11. The insulating film 15 degrades the color mixing char-
acteristics when light is obliquely incident thereon.

The thickness of the insulating film 15 on the Si substrate 13 can be reduced by a
chemical mechanical polishing (CMP) process. However, the CMP process is not
suitable for mass production since the number of steps and cost will be increased.

According to the present disclosure, the above-described problems can be solved
without performing the CMP process in the production of the back-illuminated CIS.

<Embodiment>

<First Exemplary Structure of a Back-Illuminated CIS>

Figs. 3A and 3B illustrate a back-illuminated CIS 30 according to an embodiment of
the present disclosure viewed from a light incident side. Fig. 3A illustrates an upper Si
layer 43 and Fig. 3B illustrates a Si substrate 44. The back-illuminated CIS 30 has a
six-layer structure including an on-chip lens 41, a color filter 42, the Si upper layer 43,
the Si substrate 44, and a wiring layer 45 (see Fig. 4) in that order from the light
incident side.

As shown in Figs. 3A and 3B, the pixels 33 of the back-illuminated CIS 30 can be
arranged in rows and columns so as to form a lattice-type array. White squares in Figs.
3A and 3B show the positions of pixels 33, and 'R, 'G', and 'B' written in the white
squares in Fig. 3A represent the wavelength ranges of light received by the pixels 33.
In the present embodiment, R, G, and B are arranged in a Bayer pattern. However, the
arrangement of R, G, and B is not limited to this pattern. In addition, three primary
colors are not limited to R, G, and B, and another color, such as white (W), may be ad-
ditionally used. This also applies to other embodiments of the present disclosure,
including but not limited to those in the following drawings.

As illustrated in Fig. 3A, the Si upper layer 43 (layer on the Si substrate 44) includes
a grid-shaped Si-upper-layer light-shielding material 31 formed so as to extend
between the pixels 33.

As illustrated in Fig. 3B, vertical and horizontal trenches (grooves) are formed in the
Si substrate 44 so as to extend between the adjacent pixels 33 and so that no trench
crossing portions are formed. The trenches are filled with a Si-substrate light-shielding
material 32, which is made of a light-shielding material.

The Si-upper-layer light-shielding material 31 and the Si-substrate light-shielding

material 32 may be made of, for example, an insulating material such as silicon oxide,
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titanium oxide, silicon nitride, aluminum oxide, tantalum oxide, or hafnium oxide, or a
metal material such as tungsten, aluminum, titanium nitride, titanium, or copper.

Figs. 4, 5, and 6 are sectional views of the back-illuminated CIS 30 illustrated in
Figs. 3A and 3B taken along lines IV-IV, V-V, and VI-VI, respectively.

As described above, the back-illuminated CIS 30 has a six-layer structure including
the on-chip lens 41, the color filter 42, the Si upper layer 43, the Si substrate 44, and
the wiring layer 45 in that order from the light incident side.

The on-chip lens 41 collects light incident thereon and directs the incident light to
photoelectric converters included in the Si substrate 44. The color filter 42 transmits
only light in specific wavelength ranges. The Si upper layer 43 includes the Si-
upper-layer light-shielding material 31. The Si substrate 44 has a photodiode (PD)
region in which a P-type diffusion layer 34 and an N-type diffusion layer 35 are
arranged. The wiring layer 45 outputs electric charges generated in the PD region to a
subsequent stage as an electrical signal.

As shown in Figs. 4 to 6, in the back-illuminated CIS 30, the trenches are formed in
the Si substrate 44 so that no trench crossing portions are formed, and are filed with the
Si-substrate light-shielding material 32. Therefore, the problems due to the trench
crossing portions in the back-illuminated CIS 10 according to the related art do not
occur.

Although not illustrated, the edges in the Si substrate 44 may be formed so as to
extend through the Si substrate 44 in a partial or entire area of the Si substrate 44.

Fig. 7 illustrates an embodiment of the present disclosure with a modification to the
shape of the ends of the trenches formed in the Si substrate 44. Specifically, although
the trenches shown in Fig. 3B have pointed ends, the trenches may instead have flat
ends as illustrated in Fig. 7. Alternatively, although not illustrated, the trenches may
instead have arc-shaped or concave ends.

Fig. 8 illustrates an embodiment of the present disclosure with a modification to the
shape of the pixels (Si substrate openings). Specifically, although the pixels (Si
substrate openings) 33 are square-shaped in Figs. 3A and 3B, the pixels (Si substrate
openings) 33 may instead be circular shaped, as illustrated in Fig. 8. Alternatively,
although not illustrated, the pixels (Si substrate openings) 33 may instead be diamond
or polygonal shaped. The light shielding performance of oblique portions may be
increased by forming the pixels (Si substrate openings) 33 in a circular or polygonal
shape.

Fig. 9 illustrates an embodiment of the present disclosure with a modification to the
shape of the Si-upper-layer light-shielding material 31 included in the Si upper layer
43. Specifically, although the Si-upper-layer light-shielding material 31 is grid-shaped
in Fig. 3A, the Si-upper-layer light-shielding material 31 may instead be provided only
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at locations where the Si-substrate light-shielding material 32 is not provided (that is,
locations corresponding to trench crossing portions), as illustrated in Fig. 9. In this
case, the area of the Si substrate openings 33 is increased, so that the sensitivity of the
PD region may be increased. Although not illustrated, the width of the Si-upper-layer
light-shielding material 31 may be smaller than or equal to the width of the Si-substrate
light-shielding material 32. The width may also be partially changed.

Fig. 10 illustrates an embodiment of the present disclosure with a modification in
which a charge-fixed film 51 is additionally provided. The charge-fixed film 51, which
has a negative fixed charge, may be provided around the Si-substrate light-shielding
material 32 and on the back surface (upper surface in Fig. 10) of the Si substrate 44. In
this case, an inversion layer is formed on a Si boundary surface that is in contact with
the charge-fixed film 51. Holes in the inversion layer recombine with electrons in a
dark current that may be generated along the boundary surface, so that the influence of
the dark current may be suppressed.

An improvement of color mixing characteristics will now be described. As described
above, the back-illuminated CIS 30 illustrated in Figs. 3A and 3B includes no trench
crossing portions, which serve as a noise source (source of white spot or dark current).

However, since there are regions in which no trenches are formed, electrons
generated by photoelectric conversion easily pass through those regions and travel
between the adjacent pixels. As a result, the color-mixing suppressing effect provided
by the trenches is reduced. This will be described in more detail with reference to the
drawings.

Fig. 11 is a graph showing the color mixing characteristics with respect to the
incident angle of light. The horizontal axis represents the incident angle of light. The
vertical axis represents the result of subtraction of the ratio of an output from a red (R)
pixel to an output from a green (G) pixel when green (G) light is incident at O degrees
from the ratio of an output from the red (R) pixel to an output from the green (G) pixel
when green (G) light is incident at various incident angles.

The curve L1 in the graph shows the color mixing characteristics of a back-il-
luminated CIS in which a grid-shaped trench is formed so as to extend between pixels.
The curve L2 in the graph shows the color mixing characteristics of a back-illuminated
CIS in which a grid-shaped trench is formed so as to extend between pixels and the
thickness of an insulating film (film of light-shielding material) formed on a Si
substrate and made of a light-shielding material with which the trench is filled is
reduced by a chemical mechanical polishing (CMP) process. The curve L3 in the graph
shows the color mixing characteristics of the back-illuminated CIS 30 illustrated in
Figs. 3A and 3B.

In the graph, the higher the values along the vertical axis, the greater the degradation
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of the color mixing characteristics. In other words, the color mixing characteristics are
improved as the upward opening of the U-shaped curves L1 to L3 is increased.

Therefore, the color mixing characteristics of the back-illuminated CIS 30 illustrated
in Figs. 3A and 3B are worse than those of the back-illuminated CIS in which the grid-
shaped trench is formed so as to extend between the pixels. Modifications in which the
color mixing characteristics are improved without forming the trench crossing portions
will now be described.

Figs. 12A and 12B illustrate examples of a modification in which trenches extending
in vertical and horizontal directions are alternately arranged in a grid-shaped region
that extends between the pixels. Fig. 12A shows the case in which the trenches have
pointed ends. Fig. 12B shows the case in which the trenches have flat ends.

In either case, no trench crossing portions are provided. Therefore, the problems in
conventional arrangements due to the trench crossing portions do not occur. Since the
area in which no trenches are formed is reduced compared to that in the case of Fig.
3B, the color mixing characteristics are improved compared to those in the case of Fig.
3B. In addition, the trenches are longer than those in the case of Fig. 3B, and therefore
can be more easily formed. Accordingly, the present modification is suitable for a case
in which the overall size of the back-illuminated CIS 30 is reduced.

Fig. 13 is a graph in which a curve L4 showing the color mixing characteristics
according to the fifth modification is added to the graph shown in Fig. 11. As is clear
from Fig. 13, according to the fifth modification, the color mixing characteristics are
improved compared to those of the back-illuminated CIS 30 illustrated in Fig. 3.

Figs. 14A and 14B illustrate examples of embodiments of the present disclosure with
modifications in which trenches that continuously extend in one of horizontal and
vertical directions and trenches that intermittently extend in the other one of the
horizontal and vertical directions are formed in a grid-shaped region that extends
between the pixels. Fig. 14A shows the case in which trenches that continuously
extend in the horizontal direction are formed. Fig. 14B shows the case in which
trenches that continuously extend in the vertical direction are formed. When the
trenches extending in the horizontal and vertical directions have different lengths as 1il-
lustrated in Figs. 14A and 14B, the trenches may have different depths. In such a case,
the trenches extending in the horizontal and vertical directions may be formed so as to
have the same depth by adjusting the widths of the trenches.

In either case, no trench crossing portions are provided. Therefore, the problems due
to the trench crossing portions do not occur. Since the area in which no trenches are
formed is reduced compared to that in the case of Fig. 3B, the color mixing charac-
teristics are improved compared to those in the case of Fig. 3B. In the case of Fig. 14A,

the light shielding performance between the pixels adjacent to each other in the up-
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down (vertical) direction can be improved compared to that in the case of Fig. 3B. In
the case of Fig. 14B the light shielding performance between the pixels adjacent to
each other in the left-right (horizontal) direction can be improved compared to that in
the case of Fig. 3B.

Fig. 15 illustrates an embodiment of the present disclosure with a modification in
which the trenches are formed so as to include portions having different widths so that
the volume thereof does not increase at diagonal ends of each pixel.

Figs. 16A and 16B illustrate examples of embodiments of the present disclosure with
modifications in which the trenches that cross each other are connected to each other at
an angle less than or equal to a crossing angle (90 degrees) at diagonal ends of each
pixel.

Fig. 17 illustrates embodiments of the present disclosure with modifications in which
separation locations at which the trenches are separated into segments are changed in
accordance with the view angle direction so that the trenches are not separated into
segments at many locations with respect to a direction in which light is inclined.

Figs. 18A to 18F show examples of embodiments of the present disclosure with mod-
ifications in which symmetry of the separation locations of the trenches is not set for
each pixel and particular pixels (B pixels that receive light with the longest wavelength
or R pixels that receive light with the shortest wavelength) are surrounded by the
trenches.

The back-illuminated CIS 30 according to the present embodiment includes the color
filter 42 in which the three primary colors are arranged in a Bayer pattern to output a
color image signal. However, the three primary colors may instead be arranged in any
pattern, including but not limited to a stripe pattern. In accordance with other em-
bodiments, the color filter 42 may incorporate white filter elements. In accordance with
still other embodiments, the color filter 42 may be omitted when a monochrome image
signal is to be output.

In the back-illuminated CIS 30 according to the present embodiment, the trenches
formed in the Si substrate 44 are filled with the light-shielding material. However, the
trenches may have a hollow structure instead of being filled with the light-shielding
material.

The back-illuminated CIS 30 according to the present embodiment may be installed
not only in cameras, such as digital still cameras and digital video cameras, but also in
smart phones, mobile phones, various personal computers, etc., having a function of
capturing still and moving images.

It should be noted that the present disclosure can take the following configurations.

(1) An image pickup device, comprising:

a substrate;
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a plurality of pixels formed in the substrate; and

a plurality of trenches formed in the substrate and extending at least partially between
pairs of pixels included in the plurality of pixels, and wherein at least two trenches in
the plurality of trenches are formed along at least a first line that extends between a
plurality of pixels.

(2) The device of (1), wherein no two trenches cross one

another.

(3) The device of (1), further comprising:

a substrate light shielding material, wherein the substrate light shielding material fills
the plurality of trenches.

(4) The device of (3), wherein at least one pixel in the

plurality of pixels is not completely surrounded by the substrate light shielding
material.

(5) The device of (3), wherein the substrate light

shielding material defines a perimeter that substantially surrounds each pixel in the
plurality of pixels, and wherein with respect to each pixel in the plurality of pixels
there is at least one gap in the perimeter formed by the substrate light shielding
material.

(6) The device of (3), further comprising:

an upper layer light shielding material.

(7) The device of (6), wherein the upper layer light

shielding material and the substrate light shielding material are made from an in-
sulating material, the insulating material including at least one of silicon oxide,
titanium oxide, silicon nitride, aluminum oxide, tantalum oxide, or hafnium oxide, or a
metal material such a tungsten, aluminum, titanium nitride, titanium, or copper.

(8) The device of (1), wherein at least two trenches are formed

along at least a second line that extends between a plurality of pixels.

(9) The device of (8), wherein the first line is one of parallel

to and perpendicular to the second line.

(10) The device of (1), wherein the plurality of pixels are

arranged in rows and columns, and wherein the first line extends between one of two
adjacent rows of pixels and two adjacent columns of pixels.

(11) The device of (10), wherein each pixel is associated with at least four trenches,
and wherein between diagonally opposed pairs of pixels no trench intersects any other
trench.

(12) An image pickup device, comprising:

a substrate;

a plurality of pixels; and
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a plurality of trenches formed in the substrate, wherein at least some of the trenches are
between adjacent pairs of pixels, and wherein no one trench extends across any other
trench.

(13) The device of (12), wherein at least some of the trenches included in the plurality
of trenches are formed along a first plurality of parallel lines, and wherein more than
one trench included in the plurality of trenches is formed along each line in the first
plurality of lines.

(14) The device of (13), wherein at least some of the trenches are formed along a
second plurality of parallel lines, and wherein only one trench is formed along each
line in the second plurality of lines.

(15) The device of (13), wherein the plurality of pixels are arranged in rows and
columns, and wherein the first plurality of parallel lines extend between one of
adjacent rows of pixels and adjacent columns of pixels.

(16) The device of (12), further comprising:

a substrate light shielding material, wherein the trenches in the plurality of trenches are
filled with the substrate light shielding material.

(17) The device of (16), further comprising:

an upper layer light shielding material, wherein the upper layer light shielding material
extends between the pixels.

(18) The device of (17), wherein the substrate light shielding material and the upper
layer light shielding material are made of an insulating material including at least one
of silicon oxide, titanium oxide, silicon nitride, aluminum oxide, tantalum oxide, or
hafnium oxide, or a metal material such a tungsten, aluminum, titanium nitride,
titanium, or copper.

(19) A back-illuminated image pickup element, comprising:

a trench provided between adjacent pixels to block obliquely incident light, the trench
having a separation location at which the trench is separated into segments.

(20) The image pickup element according to (19),

wherein the separation location is provided in a crossing region in which a region that
vertically extends between horizontally adjacent pixels and a region that horizontally
extends between vertically adjacent pixels cross each other.

(21) The image pickup element according to (20),

wherein the trench includes a horizontal trench and a vertical trench, and a plurality of
the separation locations are symmetrically arranged such that the separation locations
are provided at every other pixel in each of the horizontal and vertical trenches.

(22) The image pickup element according to (20),

wherein the trench includes a horizontal trench and a vertical trench, and a plurality of

the separation locations are symmetrically arranged such that the separation locations
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[0065]

[0066]

[0067]

are provided at every pixel in one of the horizontal and vertical trenches and no
separation locations are provided in the other of the horizontal and vertical trenches.
(23) The image pickup element according to (20),

wherein a plurality of the separation locations are not symmetrically arranged, and
wherein the pixels include a pixel that receives light with a longest or shortest
wavelength among wavelengths of light receivable by the image pickup element and
that is located so as to be surrounded by the trench.

(24) The image pickup element according to (20),

wherein the trench is filled with a light-shielding material.

(25) The image pickup element according to (24), further comprising:

a charge-fixed film provided on a side wall of the trench.

(26) An image pickup device, comprising:

an image pickup unit including a back-illuminated image pickup element including a
trench provided between adjacent pixels to block obliquely incident light, the trench

having a separation location at which the trench is separated into segments.
The present disclosure contains subject matter related to that disclosed in Japanese

Priority Patent Application JP 2012-117194 filed in the Japan Patent Office on May
23, 2012, the entire contents of which are hereby incorporated by reference.

It should be understood by those skilled in the art that various modifications, com-
binations, sub-combinations and alterations may occur depending on design re-
quirements and other factors insofar as they are within the scope of the appended
claims or the equivalents thereof.

Reference Signs List

30 back-illuminated CIS

31 Si-upper-layer light-shielding material

32 Si-substrate light-shielding material

33 pixel

34 P-type diffusion layer

35 N-type diffusion layer

41 on-chip lens

42 color filter

43 Si upper layer

44 Si substrate

45 wiring layer

51 charge-fixed film
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Claims
An image pickup device, comprising:
a substrate;
a plurality of pixels formed in the substrate; and
a plurality of trenches formed in the substrate and extending at least
partially between pairs of pixels included in the plurality of pixels, and
wherein at least two trenches in the plurality of trenches are formed
along at least a first line that extends between a plurality of pixels.
The device of claim 1, wherein no two trenches cross one another.
The device of claim 1, further comprising:
a substrate light shielding material, wherein the substrate light shielding
material fills the plurality of trenches.
The device of claim 3, wherein at least one pixel in the plurality of
pixels is not completely surrounded by the substrate light shielding
material.
The device of claim 3, wherein the substrate light shielding material
defines a perimeter that substantially surrounds each pixel in the
plurality of pixels, and wherein with respect to each pixel in the
plurality of pixels there is at least one gap in the perimeter formed by
the substrate light shielding material.
The device of claim 3, further comprising:
an upper layer light shielding material.
The device of claim 6, wherein the upper layer light shielding material
and the substrate light shielding material are made from an insulating
material, the insulating material including at least one of silicon oxide,
titanium oxide, silicon nitride, aluminum oxide, tantalum oxide, or
hafnium oxide, or a metal material such a tungsten, aluminum, titanium
nitride, titanium, or copper.
The device of claim 1, wherein at least two trenches are formed along
at least a second line that extends between a plurality of pixels.
The device of claim 8, wherein the first line is one of parallel to and
perpendicular to the second line.
The device of claim 1, wherein the plurality of pixels are arranged in
rows and columns, and wherein the first line extends between one of
two adjacent rows of pixels and two adjacent columns of pixels.
The device of claim 10, wherein each pixel is associated with at least

four trenches, and wherein between diagonally opposed pairs of pixels
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[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]

[Claim 19]
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no trench intersects any other trench.

An image pickup device, comprising:

a substrate;

a plurality of pixels; and

a plurality of trenches formed in the substrate, wherein at least some of
the trenches are between adjacent pairs of pixels, and wherein no one
trench extends across any other trench.

The device of claim 12, wherein at least some of the trenches included
in the plurality of trenches are formed along a first plurality of parallel
lines, and wherein more than one trench included in the plurality of
trenches is formed along each line in the first plurality of lines.

The device of claim 13, wherein at least some of the trenches are
formed along a second plurality of parallel lines, and wherein only one
trench is formed along each line in the second plurality of lines.

The device of claim 13, wherein the plurality of pixels are arranged in
rows and columns, and wherein the first plurality of parallel lines
extend between one of adjacent rows of pixels and adjacent columns of
pixels.

The device of claim 12, further comprising:

a substrate light shielding material, wherein the trenches in the plurality
of trenches are filled with the substrate light shielding material.

The device of claim 16, further comprising:

an upper layer light shielding material, wherein the upper layer light
shielding material extends between the pixels.

The device of claim 17, wherein the substrate light shielding material
and the upper layer light shielding material are made of an insulating
material including at least one of silicon oxide, titanium oxide, silicon
nitride, aluminum oxide, tantalum oxide, or hafnium oxide, or a metal
material such a tungsten, aluminum, titanium nitride, titanium, or
copper.

An imaging device, comprising:

a substrate;

a plurality of pixels formed in the substrate;

a plurality of trenches formed in the substrate, wherein at least some of
the trenches extend between pairs of the pixels;

a substrate light shielding material, wherein the substrate light shielding
material fills the trenches included in the plurality of trenches, wherein

with respect to each pixel in the plurality of pixels there exists at least
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one gap in the substrate light shielding material.

[Claim 20] The device of claim 19, wherein the plurality of pixels are arranged in
rows and columns with respect to a light incident side of the substrate,
and wherein each trench in the plurality of trenches does not intersect

any other trench.
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