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Description

Title of Invention: SOLID-STATE IMAGING DEVICE AND
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[0004]

[0005]

ELECTRONIC APPARATUS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of Japanese Priority Patent Application JP
2017-168260 filed September 1, 2017, the entire contents of which are incorporated

herein by reference.

Technical Field

The present technology relates to a solid-state imaging device (or imaging device).
More particularly, the present technology relates to a solid-state imaging device and an
electronic apparatus (or electronic device) which each include an antireflective layer on

a light-receiving surface.

Background Art

CMOS image sensors that use crystalline silicon to absorb light have high sensitivity
to visible wavelengths to infrared wavelengths, but are optimized in general to have
high sensitivity to green wavelengths for the sensitivity of human eyes. For example,
as the color arrangement of RGB sensors, two pixels of 2x2 unit pixel arrangement are
green, and the remaining pixels are red and blue. In addition, an antireflective coat is
applied between a silicon board and an upper layer, and the antireflective coat is
optimized to reduce reflection of green. The antireflective coating implemented in an
upper layer of a sensor pixel of an image sensor is a simple A/4 wave plate in a usual
case. Therefore, in the case where the antireflective coating is optimized, for example,
to suppress reflection of green, a sufficient antireflective effect is not obtained for blue
and red wavelengths. Moreover, large reflection components in ultraviolet and infrared
wavelengths unfortunately cause degraded image quality such as decreased sensitivity
or flare ghosts. Therefore, for example, a solid-state imaging device is proposed that
has a minute concave-convex structure on the border of a silicon layer on the light-
receiving surface side on which photo diodes are formed (see, for example, PTL 1 and
NPL 1).
Citation List

Patent Literature

PTL 1: JP 2015-029054A

Non Patent Literature

NPL 1: Yokogawa, Sozo, et al. "IR sensitivity enhancement of CMOS Image Sensor
with diffractive light trapping pixels." Scientific Reports 7 (2017)
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Summary
Technical Problem

The above-described traditional technology provides a minute concave-convex
structure to the boarder of the silicon layer on the light-receiving surface to prevent (or
alternatively, reduce) the reflection of incident light and improve the sensitivity.
However, in this case, the concave-convex structure diffracts light in the silicon. Ac-
cordingly, for example, with respect to pixels having long-wavelength components and
having the small light absorption coefficients of the silicon for red rays, infrared rays,
and the like, the diffracted light can enter neighboring pixels to cause degraded color
reproducibility or degraded spatial resolution.

The present technology has been devised in view of such circumstances. The present
technology both improves the sensitivity of an image sensor in a wide wavelength
band, and improves resolution.

Solution to Problem

According to an embodiment of the present technology, an imaging device includes a
first photoelectric conversion region receiving light within a first range of wavelengths,
a second photoelectric conversion region receiving light within a second range of
wavelengths, and a third photoelectric conversion region receiving light within a third
range of wavelengths. At least a portion of a light-receiving surface of the first photo-
electric conversion region has a first concave-convex structure, and a light-receiving
surface of the second photoelectric conversion region has a different structure than the
first concave-convex structure.

The different structure of the light-receiving surface of the second photoelectric
conversion region is planar, and a light-receiving surface of the third photoelectric
conversion region is planar.

At least a portion of a light-receiving surface of the third photoelectric conversion
region has a second concave-convex structure.

The first range of wavelengths corresponds to blue light, the second range of
wavelengths corresponds to green light, and the third range of wavelengths cor-
responds to red light.

The imaging device includes a first color filter that passes light corresponding to the
first range of wavelengths and that overlaps the first photoelectric conversion region, a
second color filter that passes light corresponding to the second range of wavelengths
and that overlaps the second photoelectric conversion region, and a third color filter
that passes light corresponding to the third range of wavelengths and that overlaps the
third photoelectric conversion region.

The imaging device includes a first anti-reflective layer disposed on the light-
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receiving surface of the first photoelectric conversion region. The first anti-reflective

layer has the first concave-convex structure.
The imaging device includes a second anti-reflective layer disposed on the light-

receiving surface of the second photoelectric conversion region. The second anti-
reflective layer has the different structure.

A thickness of the second anti-reflective layer is one-quarter of a selected one of the
wavelengths within the second range of wavelengths. The different structure is a planar
structure.

The imaging device includes a third anti-reflective layer disposed on a light receiving
surface of the third photoelectric conversion element. A thickness of the third anti-
reflective layer is one-quarter of a selected one of the wavelengths within the third
range of wavelengths, and the third anti-reflective layer is planar. The portion of the
light-receiving surface of the first photoelectric conversion element having the first
concave-convex structure comprises silicon. The first concave-convex structure is one
of a pyramid structure or an inverted pyramid structure. An angle formed by sides of
the pyramid structure with respect to a surface of the silicon is about 55 degrees. The
surface of the silicon is a (100) surface and the sides of the pyramid structure are (111)
surfaces. At least a portion of a light-receiving surface of the third photoelectric
conversion region has a second concave-convex structure. The first range of
wavelengths corresponds to blue light and the third range of wavelengths corresponds
to red light. The first and second concave-convex structures are periodic.

According to an embodiment of the present technology, an electronic device includes
a signal processor and an imaging device. The imaging device includes a first photo-
electric conversion region receiving light within a first range of wavelengths, a second
photoelectric conversion region receiving light within a second range of wavelengths,
and a third photoelectric conversion region receiving light within a third range of
wavelengths. At least a portion of a light-receiving surface of the first photoelectric
conversion region has a concave-convex structure. A light-receiving surface of the
second photoelectric conversion region has a different structure than the concave-
convex structure.

Advantageous Effects of Invention

According to an embodiment of the present technology, the advantageous effects can
be attained that improve both the sensitivity of an image sensor in a wide wavelength
band and resolution. Note that effects described herein are not necessarily limiting, and
any effect described in the present disclosure may be achieved.

Brief Description of Drawings

[fig. 1]FIG. 1 is a diagram illustrating a configuration example of a solid-state imaging
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device according to an embodiment of the present technology.

[fig.2]FIG. 2 is a diagram illustrating a disposition example of the solid-state imaging
device according to an embodiment of the present technology.

[fig.3]FIG. 3 is a diagram illustrating a circuit configuration example of a pixel 11
according to an embodiment of the present technology.

[fig.4]FIG. 4 is an example of a plan view of a semiconductor board of a pixel
according to an embodiment of the present technology.

[fig.5]FIG. 5 is an example of a cross-sectional view of a pixel according to a first em-
bodiment of the present technology.

[fig.6]FIG. 6 is a diagram illustrating a first disposition example of a color filter 320
and an antireflective layer according to the first embodiment of the present technology.
[fig.7]F1G. 7 is a diagram illustrating a second disposition example of the color filter
320 and the antireflective layer according to the first embodiment of the present
technology.

[fig.8]FIG. 8 is a diagram illustrating an example of a periodic concave-convex
structure according to an embodiment of the present technology.

[fig.9]FIG. 9 is a diagram illustrating another example of the periodic concave-convex
structure according to an embodiment of the present technology.

[fig. 10]FIG. 10 is a diagram illustrating a pixel type for describing a characteristic of
an image structure according to an embodiment of the present technology.

[fig. 11]FIG. 11 is a diagram illustrating characteristics of three pixel types 710, 720,
and 730 in FIG. 10 with respect to wavelengths.

[fig.12]FIG. 12 is an example of a cross-sectional view of a pixel according to a
second embodiment of the present technology.

[fig.13]FIG. 13 is a diagram illustrating a disposition example of the color filter 320
and an antireflective layer according to the second embodiment of the present
technology.

[fig.14]FIG. 14 is an example of a cross-sectional view of a pixel according to a third
embodiment of the present technology.

[fig. 15]FIG. 15 is a diagram illustrating a first disposition example of the color filter
320 and an antireflective layer according to the third embodiment of the present
technology.

[fig.16]FIG. 16 is a diagram illustrating a second disposition example of the color filter
320 and the antireflective layer according to the third embodiment of the present
technology.

[fig.17]FIG. 17 is a diagram illustrating a third disposition example of the color filter
320 and the antireflective layer according to the third embodiment of the present

technology.
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[fig.18]FIG. 18 is a diagram illustrating a fourth disposition example of the color filter
320 and the antireflective layer according to the third embodiment of the present
technology.
[fig. 19]FIG. 19 is a diagram illustrating a configuration example of an imaging device
80 that is an application example of an embodiment of the present technology.
[fig.20]FIG. 20 is a diagram illustrating an external appearance example of a mobile
information terminal 70 that is an application example of an embodiment of the present
technology.
[fig.21]FIG. 21 is a diagram illustrating an example of a field to which an embodiment
of the present technology is applied.
[fig.22]FIG. 22 is a block diagram illustrating a schematic configuration example of a
vehicle control system that is an example of a mobile object control system to which
the technology according to an embodiment of the present disclosure can be applied.
[fig.23]FIG. 23 is a diagram illustrating an example of an installation position of an
imaging unit 12031.
[fig.24]FIG. 24 is a diagram illustrating an example of a schematic configuration of an
endoscopic surgical system to which the technology according to an embodiment of
the present disclosure can be applied.
[fig.25]FIG. 25 is a block diagram illustrating an example of functional configurations
of a camera head 11102 and a CCU 11201 illustrated in FIG. 24.
Description of Embodiments

The following describes an example for implementing the present technology (which
will be referred to as embodiment below). Description will be made in the following
order.

1. First Embodiment (Example in Which Only Blue Pixel Has Concave-Convex
Structure)

2. Second Embodiment (Example in Which Red Pixel Also Has Concave-Convex
Structure)

3. Third Embodiment (Example in Which Phase Difference Detection Pixel Has No
Concave-Convex Structure)

4. Application Example

<1. First Embodiment>

Configuration of Solid-State Imaging Device

FIG. 1 is a diagram illustrating a configuration example of a solid-state imaging
device according to an embodiment of the present technology. This solid-state imaging
device includes a pixel region 10 and peripheral circuitry. The peripheral circuitry

includes a vertical drive circuit 20, a horizontal drive circuit 30, a control circuit 40, a
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column signal processing circuit 50, and an output circuit 60.

The pixel region 10 is a pixel array in which a plurality of pixels 11 including photo-
electric conversion units (or photoelectric conversion regions) are arranged in a two-
dimensional array. These pixels 11 each include, for example, a photo diode to convert
light into electric charge, and a plurality of pixel transistors. Here, the plurality of pixel
transistors can include four transistors, for example, a transfer transistor, a reset
transistor, a selection transistor, and an amplifier transistor.

The vertical drive circuit 20 drives the pixels 11 in units of rows. This vertical drive
circuit 20 includes, for example, a shift register. This vertical drive circuit 20 selects a
pixel driving line, and supplies the selected pixel driving line with pulses for driving
the pixels 11. This allows the vertical drive circuit 20 to select and scan the respective
pixels 11 of the pixel region 10 in units of rows one after another in the vertical
direction. The vertical drive circuit 20 supplies the column signal processing circuit 50
via a vertical signal line 19 with pixel signals based on signal charge generated by the
photoelectric conversion unit of each pixel 11 in accordance with the amount of
received light.

The horizontal drive circuit 30 drives the column signal processing circuit 50 in units
of columns. This horizontal drive circuit 30 includes, for example, a shift register. This
horizontal drive circuit 30 outputs horizontal scanning pulses one by one to select the
respective column signal processing circuits 50 in order. The horizontal drive circuit
30 causes the output circuit 60 to output a pixel signal from each column signal
processing circuit 50 via the horizontal signal line 59.

The control circuit 40 controls the entire solid-state imaging device. This control
circuit 40 receives an input clock and data for an instruction of an operation mode or
the like. The control circuit 40 outputs data such as internal information of the solid-
state imaging device. That is, this control circuit 40 generates, on the basis of vertical
synchronization signals, horizontal synchronization signals, and master clocks, clock
signals and control signals on which the operations of the vertical drive circuit 20, the
column signal processing circuit 50, the horizontal drive circuit 30, and the like are
based. The control circuit 40 then inputs these signals into the vertical drive circuit 20,
the column signal processing circuit 50, the horizontal drive circuit 30, and the like.

The column signal processing circuit 50 is disposed, for example, for each column of
the pixels 11. The column signal processing circuit 50 performs signal processing such
as noise removal for each pixel column on signals output from the pixels 11 corre-
sponding to one row. That is, this column signal processing circuit 50 performs signal
processing such as correlated double sampling (CDS), signal amplification, and
analog-to-digital (AD) conversion for removing fixed-pattern noise specific to the

pixels 11. A horizontal selection switch not illustrated is connected between the output
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stage of the column signal processing circuit 50 and the horizontal signal line 59.

The output circuit 60 performs signal processing on signals supplied one by one from
each column signal processing circuit 50 through the horizontal signal line 59, and
outputs the resulting signals. At that time, this output circuit 60 buffers the signals
from the column signal processing circuit 50. In addition, this output circuit 60 may
perform black-level adjustment, column variation correction, various kinds of digital
signal processing, and the like on the signals from the column signal processing circuit
50.

FIG. 2 is a diagram illustrating a disposition example of the solid-state imaging
device according to an embodiment of the present technology.

As illustrated in a of the figure, in the case where the solid-state imaging device is
disposed as a non-stacked solid-state imaging device, a pixel region 91 in which pixels
are disposed in an array, a control region 92 in which the driving control of pixels and
other various kinds of control are performed, and a logic circuit 93 for signal
processing are disposed on one board.

As illustrated in b and c of the figure, in the case the solid-state imaging device is
disposed as a stacked solid-state imaging device, some division examples are con-
ceivable. b of the figure illustrates a first division example. In this first division
example, a first semiconductor chip is equipped with the pixel region 91 and the
control region 92. A second semiconductor chip is equipped with the logic circuit 93.
The first semiconductor chip is then electrically connected to the second semi-
conductor chip, constituting the solid-state imaging device.

b of the figure illustrates a second division example. In this second division example,
a first semiconductor chip is equipped with the pixel region 91. A second semi-
conductor chip is equipped with the control region 92 and the logic circuit 93. The first
semiconductor chip is then electrically connected to the second semiconductor chip,
constituting the solid-state imaging device.

Circuit Configuration of Pixel

FIG. 3 is a diagram illustrating a circuit configuration example of the pixel 11
according to an embodiment of the present technology.

The pixels 11 each include a photo diode 17, a transfer transistor 12, a floating
diffusion region 13, a reset transistor 14, an amplifier transistor 15, and a selection
transistor 16. These four transistors of the transfer transistor 12, the reset transistor 14,
the amplifier transistor 15, and the selection transistor 16 are referred to as pixel
transistors. Note that this example assumes that the pixel transistors are MOS
transistors having N-type carrier polarity.

In addition, the pixels 11 are each provided with three signal lines including a

transfer signal line, a reset signal line, and a selection signal line in the row direction.
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The pixels 11 are each provided with the vertical signal line 19 in the column direction.
In addition, the drain sides of the reset transistor 14 and the amplifier transistor 15 are
supplied with power source voltage Vdd.

The photo diode (PD) 17 is a photoelectric conversion unit that generates the charge
corresponding to incident light. Note that the anode of this photo diode 17 is grounded.

The transfer transistor 12 is a transistor that transfers the charge produced in the
photo diode 17. This transfer transistor 12 is provided between the cathode of the
photo diode 17 and the floating diffusion region 13. When the gate of this transfer
transistor 12 receives high-level signals from the vertical drive circuit 20 via the
transfer signal line, the transfer transistor 12 enters an on state to transfer the charge
subjected to photoelectric conversion by the photo diode 17 to the floating diffusion
region 13.

The floating diffusion (FD) region 13 is a diffusion region in which the charge
transferred by the transfer transistor 12 is converted into voltage signals. The voltage
signals of this floating diffusion region 13 are connected to the drain of the reset
transistor 14 and the gate of the amplifier transistor 15.

The reset transistor 14 is a transistor for resetting the voltage of the floating diffusion
region 13. This reset transistor 14 is provided between the power source voltage Vdd
and the floating diffusion region 13. When the gate of this reset transistor 14 receives
high-level signals from the vertical drive circuit 20 via the reset signal line, the reset
transistor 14 enters an on state to reset the potential of the floating diffusion region 13
as the power source voltage Vdd.

The amplifier transistor 15 is a transistor that amplifies the voltage signals of the
floating diffusion region 13. The gate of this amplifier transistor 15 is connected to the
floating diffusion region 13. The drain of the amplifier transistor 15 is connected to the
power source voltage Vdd. The source of the amplifier transistor 15 is connected to the
vertical signal line 19 via the selection transistor 16. This amplifier transistor 15
amplifies the voltage signals of the floating diffusion region 13, and outputs the
amplified signals to the selection transistor 16 as pixel signals.

The selection transistor 16 is a transistor for selecting these pixels. This selection
transistor 16 is provided between the amplifier transistor 15 and the vertical signal line
19. When the gate of this selection transistor 16 receives high-level signals from the
vertical drive circuit 20 via the selection signal line, the selection transistor 16 enters
an on state to output the voltage signals amplified by the amplifier transistor 15 to the
vertical signal line 19.

Structure of Pixel

FIG. 4 is an example of a plan view of a semiconductor board of a pixel according to

an embodiment of the present technology. An embodiment of the present technology
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assumes a structure in which four pixels share one floating diffusion region and the
like, and other four pixels are further disposed in the vertical direction. However, this
structure is an example. The present technology is also applicable to another pixel
structure.

In this example, each pixel includes a photo diode 170 and a transfer gate 120. Four
pixels share one floating diffusion region 130, one reset transistor 140, and one
amplifier transistor 150.

The photo diode 170 and the floating diffusion region 130 have functions similar to
the functions of the photo diode 17 and the floating diffusion region 13. In addition,
the transfer gate 120, the reset transistor 140, and the amplifier transistor 150 have
functions similar to the functions of the transfer transistor 12, the reset transistor 14,
and the amplifier transistor 15 in the above-described circuit example. Note that the
photo diode 170 and the floating diffusion region 130 are an example of the photo-
electric conversion unit in the Claims.

FIG. 5 is an example of a cross-sectional view of a pixel according to a first em-
bodiment of the present technology. The figure illustrates the cross section over three
pixels which is taken along A-B in the plan view of FIG. 4. Here, a solid-state imaging
device whose back face is irradiated is used as an example. The upper part of the figure
represents the back face of a semiconductor board 100, and the lower part represents
the front face of the semiconductor board 100.

The back face of the semiconductor board 100 includes, as an optical system, an on-
chip lens 310 for each of pixels that are two-dimensionally disposed. Light is incident
via this on-chip lens 310. The on-chip lens 310 includes a resin-based material, for
example, a styrene-based resin, an acryl-based resin, a styrene-acryl copolymer resin, a
siloxane-based resin, or the like.

The lower part of the on-chip lens 310 includes a color filter 320 for each of pixels
that are two-dimensionally disposed. This color filter 320 is an on-chip color filter that
transmits a different type of wavelength band (i.e., ranges of wavelengths) for each
pixel. This example assumes Bayer arrangement. The color filters 320 are disposed to
transmit wavelength bands of blue (B), green (G), and red (R) in order from the left in
this cross section. These color filters 320 are formed by performing spin coating on a
photosensitive resin including, for example, coloring matter such as a pigment and a
dye. Each of these color filters 320 only has to support any of at least three different
types of wavelength bands in general. For example, filters are used that support any
three or more types of infrared, red, green, blue, ultraviolet, and achromatic
wavelength bands. Here, an achromatic filter is a filter that transmits all the visible
near-infrared wavelength bands.

Below the color filter 320, a light-shielding film 340 for isolating pixels is formed in



10

WO 2019/044213 PCT/JP2018/026604

[0048]

[0049]

[0050]

[0051]

[0052]

the region of a pixel boarder on the semiconductor board 100. A material for the light-
shielding film 340 only has to shield light. For example, tungsten (W), aluminum (Al),
copper (Cu), or the like is usable. There is a planarization {ilm 330 formed between the
color filter 320 and the semiconductor board 100. As a material for the planarization
film 330, for example, an organic material such as resin is usable.

The inside of the semiconductor board 100 is a light absorption layer. The photo
diode 170 is provided to a portion defined by an element isolation unit 190. The photo
diode 170 is formed, for example, as an N-type impurity region sandwiched by P-type
semiconductor regions in the depth direction of the semiconductor board 100.

The element isolation unit 190 has a structure in which a trench structure 191 is
embedded into the semiconductor board 100 that is a silicon board. Such a structure is
referred to as deep trench isolation (DTI). This trench structure 191 is covered with an
oxide film. For example, the trench structure 191 is loaded with a metallic material
inside. It is desirable that this metallic material have high light-shielding performance
to block diffracted light. As such a metallic material, for example, tungsten (W),
aluminum (Al), copper (Cu), or a metallic alloy thereof can be used as a main
component. In addition, the trench structure 191 may be loaded with a dielectric such
as Si0,, which has a relatively low refractive index with respect to silicon. A loaded
metallic material having higher light-shielding performance leads to the higher effect
that optical color mixture is suppressed and resolution is improved. However, a loaded
dielectric sometimes improves sensitivity more.

The front face of the semiconductor board 100 includes pixel transistors. The figure
illustrates the transfer gate 120, which is one of the pixel transistors. There is provided
a wiring layer 200 to cover these pixel transistors. In the wiring layer 200, a wire 220
is covered with an insulating layer. This wire 220 can be a multilayer wire including a
plurality of layers. The front face of the wiring layer 200 then includes a support board
(not illustrated).

The light-receiving surface of a pixel on the back face of the semiconductor board
100 includes an antireflective layer for preventing (or alternatively, reducing) incident
light from being reflected. In this example, an antireflective layer 112 of a pixel of a
green filter, and an antireflective layer 111 of a pixel of a red filter are reflective plates
including A/4 wave plates. Each of these /4 wave plates is a single-layer film having
the thickness corresponding to a quarter of wavelength. Meanwhile, an antireflective
layer 113 of a pixel of a blue filter has a periodic concave-convex structure. That is, the
antireflective layers of pixels of only blue filters have periodic concave-convex
structures among the color filters 320 in Bayer arrangement.

Arrows in the figure represent incident light downward and reflected light upward.

The thickness represents the intensity of each light beam. The antireflective layer 112
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of a pixel of a green filter is optimized for green, and thus appropriately suppresses re-
flection and causes the photo diode 170 to absorb incident light. Meanwhile, light
incident on the antireflective layer 113 of a pixel of a blue filter is scattered by the
periodic concave-convex structure and absorbed by the photo diode 170. Here, it
should be understood that the PDs 170 are disposed in a silicon substrate and that that
antireflective layers 111, 112, and 113 may be disposed on the silicon substrate above
the PDs 170 and below the planarization film 330. The antireflective layers 111 and
112 may have a planar structure (i.e., substantially flat top and/or bottom surfaces)

Disposition of Antireflective Layer

FIG. 6 is a diagram illustrating a first disposition example of the color filter 320 and
an antireflective layer according to the first embodiment of the present technology. As
described above, it is assumed that the color filters 320 are disposed in Bayer ar-
rangement. The antireflective layer of a pixel of only a blue filter then has a periodic
concave-convex structure. The antireflective layer of a pixel of a filter having a
different color is a reflective plate including a A/4 wave plate. Note that, here, the an-
tireflective layer of a pixel of only a blue filter has a periodic concave-convex
structure, but the antireflective layer of a pixel of an ultraviolet filter may also have a
periodic concave-convex structure.

FIG. 7 is a diagram illustrating a second disposition example of the color filter 320
and the antireflective layer according to the first embodiment of the present
technology. In this example, the disposition of the color filters 320 are based on Bayer
arrangement. However, in the above-described first disposition example, a different
color is disposed for each pixel, but, in this second disposition example, pixels of
filters having the same colors are disposed in units of pixels in Bayer arrangement.
This figure uses four pixels including 2x2 pixels as a unit, but pixels may be disposed
with more pixels used as a unit.

Periodic Concave-Convex Structure

FIG. 8 is a diagram illustrating an example of a periodic concave-convex structure
according to an embodiment of the present technology. Here, as an example of the
periodic concave-convex structure, a structure is illustrated in which inverted pyramid
structures that are concave structures shaped like quadrangular pyramids are peri-
odically disposed.

These inverted pyramid structures each includes a plane (111) of the crystal planes of
silicon. This plane (111) is shown according to the Miller indices. An angle 0O of this
inverted pyramid structure with respect to the silicon board face is the plane (111) to a
plane (100) of silicon, so that

tan® = (21?) is satisfied. Thus,

0 = arctan(2!?) = 55°
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In other words, the silicon is etched such that the angle 0 between a surface of the
silicon board and an etched side surface that forms a side of the inverted pyramid
structure is about 55°. In addition, in the inverted pyramid structure, the distance
between adjacent pyramids, and the length of one side of each pyramid are from 200
nm to 800 nm, more preferably from 400 nm to 600 nm. In addition, it is desirable that
the number of pyramids in the inverted pyramid structure be an integer number for
each pixel.

To manufacture this inverted pyramid structure, for example, a photoresist is applied
onto a P-type semiconductor on the back face of the semiconductor board 100. The
photoresist is patterned according to lithography to provide an opening to a concave
section. On the basis of the patterned photoresist, a dry etching process is then
performed on the semiconductor board 100, and then the photoresist is removed. Note
that, instead of the dry etching process, a wet etching process can also be used.

FIG. 9 is a diagram illustrating another example of the periodic concave-convex
structure according to an embodiment of the present technology. Here, as an example
of the periodic concave-convex structure, a structure is illustrated in which normal
pyramid structures that are convex structures shaped like quadrangular pyramids are
periodically disposed. The shape and size correspond to the inversion of the above-
described example, so that detailed description will be omitted.

Characteristic

FIG. 10 is a diagram illustrating a pixel type for describing a characteristic of an
image structure according to an embodiment of the present technology. This figure il-
lustrates a response in the case where no color filters 320 are provided.

a of the figure illustrates, as a first pixel type 710, a structure in which an antire-
flective layer 711 has a periodic concave-convex structure, and a trench structure 719
of an element isolation unit is loaded with no metallic material. b of the figure il-
lustrates, as a second pixel type 720, a structure in which an antireflective layer 721
has a periodic concave-convex structure, and a trench structure 729 of an element
isolation unit is loaded with a metallic material having high light-shielding per-
formance. c of the figure illustrates, as a third pixel type 730, a structure in which an
antireflective layer 731 includes a planar reflective plate including a A/4 wave plate,
and a trench structure 739 of an element isolation unit is loaded with no metallic
material.

FIG. 11 is a diagram illustrating characteristics of three pixel types 710, 720, and 730
in FIG. 10 with respect to wavelengths. a of the figure illustrates the sensitivity or
quantum efficiency (QE) of photoelectric conversion for each wavelength. In addition,
b of the figure illustrates a reflectance for each wavelength.

In the first pixel type 710, the antireflective layer 711 has a periodic concave-convex
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structure, so that the structure in itself has an effect as an antireflective film. Therefore,
the sensitivity of blue and ultraviolet regions increases, and the reflection of red and
infrared regions are also reduced. In addition, diffracted light extends the optical path
length in silicon, so that the sensitivity to an infrared wavelength increases while the
resolution is degraded.

In the second pixel type 720, similarly to the first pixel type 710, the antireflective
layer 721 has a periodic concave-convex structure, so that the structure in itself has an
effect as an antireflective film. Moreover, a metallic material loaded to the trench
structure 729 of the element isolation unit absorbs diffracted light produced by the
periodic concave-convex structure, resulting in less degraded resolution in an infrared
wavelength.

In the third pixel type 730, the antireflective layer 731 causes high sensitivity to
green regions and suppresses reflection of green, resulting in great reflection in the
other wavelength regions.

Comparison of these shows that, as an effect brought about by a periodic concave-
convex structure, reduced reflection improves chiefly the sensitivity of blue and ul-
traviolet regions. In addition, in the case where a trench structure of an element
isolation unit is loaded with a metallic material, an effect of the absorption is shown to
tend to decrease sensitivity in red or infrared regions. Thus, in the case where it is
desirable to increase sensitivity in red or infrared regions, it is conceivable to load the
trench structure of the element isolation unit with a dielectric.

In this way, according to the first embodiment of the present technology, the antire-
flective layer of a pixel of only a blue filter has a periodic concave-convex structure,
which can reduce reflection in a blue wavelength region and improve sensitivity. In
addition, a trench structure of an element isolation unit is loaded with a metallic
material, which can prevent (or alternatively, reduce) diffracted light in a pixel on the
long-wavelength side which has a small absorption coefficient especially for red and
infrared wavelength bands and the like from entering a neighboring pixel, and prevent
(or alternatively, reduce) color reproducibility and spatial resolution from degrading.

<2. Second Embodiment>

In the above-described first embodiment, only the antireflective layer of a pixel of
only a blue filter has a periodic concave-convex structure. In contrast, this second em-
bodiment is different in that the antireflective layer of a pixel of a red filter further has
a periodic concave-convex structure as well. Note that the overall configuration of the
solid-state imaging device is similar to that of the above-described first embodiment,
so that detailed description will be omitted.

Structure of Pixel

FIG. 12 is an example of a cross-sectional view of a pixel according to a second em-
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bodiment of the present technology. The figure illustrates the cross section over three
pixels which is taken along A-B in the plan view of FIG. 4. In addition, similarly to the
first embodiment, a solid-state imaging device whose back face is irradiated is used.
The upper part of the figure represents the back face of a semiconductor board 100,
and the lower part represents the front face of the semiconductor board 100.

In this second embodiment, in addition to the antireflective layer 113 of a pixel of a
blue filter, the antireflective layer 111 of a pixel of a red filter also has a periodic
concave-convex structure. The second embodiment is similar to the above-described
first embodiment in that the antireflective layer 112 of a pixel of a green filter is a re-
flective plate including a A/4 wave plate. Note that, as this periodic concave-convex
structure, an inverted pyramid structure can be adopted similarly to that of the above-
described first embodiment.

When a periodic concave-convex structure is adopted for the antireflective layer 111
of a pixel of a red filter, this periodic concave-convex structure conspicuously diffracts
light in red and infrared wavelengths. Following it, light obliquely propagates in the
semiconductor board 100, and an effective optical path extends. As a result, it is
possible to achieve high sensitivity to long wavelength as compared with a general
solid-state imaging device having the same thickness.

Meanwhile, light having long wavelength such as red rays and infrared rays that have
small absorption coefficients is difficult to absorb in the light absorption layer. The
diffracted light more easily enters a neighboring pixel. Regarding that point, in an em-
bodiment of the present technology, the trench structure 191 of the element isolation
unit 190 is loaded with a metallic material, so that it is possible to shield diffracted
light to prevent (or alternatively, reduce) color reproducibility and spatial resolution
from degrading.

Disposition of Antireflective Layer

FIG. 13 is a diagram illustrating a disposition example of the color filter 320 and an
antireflective layer according to the second embodiment of the present technology. As
described above, it is assumed that the color filters 320 are disposed in Bayer ar-
rangement. In addition to a pixel of a blue filter, the antireflective layer of a pixel of a
red filter also has a periodic concave-convex structure. The antireflective layer of a
pixel of a green filter is a reflective plate including a /4 wave plate.

Note that, in this disposition example, a different color is disposed for each pixel.
However, as in the second disposition example of the above-described first em-
bodiment, pixels of filters having the same colors may be disposed in units of pixels in
Bayer arrangement.

In this way, according to the second embodiment of the present technology, the an-

tireflective layer of a pixel of a red filter also has a periodic concave-convex structure
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in addition to a pixel of a blue filter, which can reduce reflection in blue and red
wavelength regions and improve sensitivity. In this case, irrespective of a higher pos-
sibility that diffracted light in a pixel of a red filter enters a neighboring pixel, a
metallic material loaded to a trench structure of an element isolation unit shields the
diffracted light. Accordingly, it is possible to prevent (or alternatively, reduce) color
reproducibility and spatial resolution from degrading.

<3. Third Embodiment>

In the above-described first and second embodiments, the antireflective layer 112 of
a pixel of a green filter is a reflective plate including a A/4 wave plate. In contrast, if
only the light absorption coefficient of silicon is taken into consideration, it is also con-
ceivable to adopt a periodic concave-convex structure for the antireflective layer 112
of a pixel of a green filter. In contrast, a solid-state imaging device today generally
includes a phase difference detection pixel for a specific pixel to perform an autofocus
function. This phase difference detection pixel is a pixel that makes a focal deter-
mination on the basis of the light incidence direction. In general, some of pixels of
green filters have that function. However, in the case where pixels of green filters are
phase difference detection pixels, crosstalk caused by diffracted light leads to degraded
characteristics. Accordingly, it is desirable to refrain from providing any periodic
concave-convex structure. In this third embodiment, a structure is then adopted in
which no periodic concave-convex structure is provided to a phase difference detection
pixel. Note that the overall configuration of the solid-state imaging device is similar to
that of the above-described first embodiment, so that detailed description will be
omitted.

Structure of Pixel

FIG. 14 is an example of a cross-sectional view of a pixel according to a third em-
bodiment of the present technology. The figure illustrates the cross section over a pixel
and a phase difference detection pixel of a blue filter which corresponds to A-B in the
plan view of FIG. 4. In addition, similarly to the first embodiment, a solid-state
imaging device whose back face is irradiated is used. The upper part of the figure
represents the back face of a semiconductor board 100, and the lower part represents
the front face of the semiconductor board 100.

In this third embodiment, only the antireflective layer 113 of a pixel of a blue filter
has a periodic concave-convex structure. Meanwhile, an antireflective layer 114 of the
phase difference detection pixel has no periodic concave-convex structure, but is a re-
flective plate including a A/4 wave plate. The other points are similar to those of the
above-described first embodiment.

Disposition of Antireflective Layer

FIG. 15 is a diagram illustrating a first disposition example of the color filter 320 and
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an antireflective layer according to the third embodiment of the present technology. As
described above, it is assumed that the color filters 320 are disposed in Bayer ar-
rangement. At the position of a phase difference detection pixel, two adjacent pixels
share the on-chip lens 310. The antireflective layer of a pixel of a blue filter then has a
periodic concave-convex structure. However, in the case where a phase difference
detection pixel is located at a position that is originally for a pixel of a blue filter, there
is provided no periodic concave-convex structure, but a reflective plate including a /4
wave plate is used.

FIG. 16 is a diagram illustrating a second disposition example of the color filter 320
and the antireflective layer according to the third embodiment of the present
technology. In this second disposition example, in addition to a pixel of a blue filter,
the antireflective layer of a pixel of a red filter also has a periodic concave-convex
structure. Note that these first and second disposition examples are examples in which
a phase difference detection pixel having an on-chip light condensing structure is
provided for 2x1 adjacent pixels.

FIG. 17 is a diagram illustrating a third disposition example of the color filter 320
and the antireflective layer according to the third embodiment of the present
technology. In this example, a pixel structure is adopted in which the incidence
direction is determined as phase difference detection pixels by shielding light for
halves of two pixels of green filters in any of 2x2 pixels that serve as a unit for Bayer
arrangement. The antireflective layer of a pixel of only a blue filter then has a periodic
concave-convex structure. The antireflective layer of a pixel of a filter having a
different color which includes a phase difference detection pixel is a reflective plate
including a A/4 wave plate.

FIG. 18 is a diagram illustrating a fourth disposition example of the color filter 320
and the antireflective layer according to the third embodiment of the present
technology. In this fourth disposition example, in addition to a pixel of a blue filter, the
antireflective layer of a pixel of a red filter also has a periodic concave-convex
structure. Note that these third and fourth disposition examples are examples in which
a phase difference detection pixel having an on-chip light condensing structure is
provided for 2x2 adjacent pixels.

In this way, in the third embodiment of the present technology, the antireflective
layers of pixels of blue filters or pixels of blue and red filters also have periodic
concave-convex structures. Meanwhile, in the case of phase difference detection
pixels, no periodic concave-convex structure is provided. This can suppress crosstalk
caused by diffracted light, and prevent (or alternatively, reduce) the characteristics
from degrading.

<4. Application Example>
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The above-described embodiments of the present technology are applicable to various
kinds of technology as exemplified below.

Imaging Device

FIG. 19 is a diagram illustrating a configuration example of an imaging device 80
that is an application example of an embodiment of the present technology. This
imaging device 80 includes an optical system component unit 81, a driving unit 82, an
image sensor 83, and a signal processing unit 84.

The optical system component unit 81 includes an optical lens or the like, and makes
an optical image of an object incident on the image sensor 83. The driving unit 82
generates and outputs various timing signals related to the internal driving of the image
sensor 83 to control the driving of the image sensor 83. The signal processing unit 84
performs predetermined signal processing on the image signals output from the image
sensor 83, and executes the processing corresponding to a result of the signal
processing. In addition, the signal processing unit 84 outputs the image signals
resulting from the signal processing to the later stage. For example, the signal
processing unit 84 records the image signals in a recording medium such as a memory,
or transfers the image signals to a predetermined server via a predetermined network.

Here, applying the solid-state imaging device according to the above-described em-
bodiments can improve the sensitivity of the imaging device 80.

Mobile Information Terminal

FIG. 20 is a diagram illustrating an external appearance example of a mobile in-
formation terminal 70 that is an application example of an embodiment of the present
technology. a of the figure illustrates the front face side of the mobile information
terminal 70, and b illustrates the back face side of the mobile information terminal 70.

At the center of the front face of the mobile information terminal 70, a display 71 is
disposed to display various kinds of information. In addition, this display 71 also
functions as a touch panel, and receives an input from a user.

In the upper part of the front face of the mobile information terminal 70, a front
camera 72 is disposed and used chiefly to image a user who uses the mobile in-
formation terminal 70. Meanwhile, in the upper part of the rear face of the mobile in-
formation terminal 70, a rear camera 73 is disposed and used chiefly to image an object
as viewed from a user.

Here, applying the solid-state imaging device according to the above-described em-
bodiments can improve the sensitivity of the front camera 72 and the rear camera 73.

Application

FIG. 21 is a diagram illustrating an example of a field to which an embodiment of the
present technology is applied.

The solid-state imaging device according to embodiment of the present technology
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can be used, for example, as a device that takes images used for viewing, such as a
digital camera and a portable appliance with a camera function.

In addition, this solid-state imaging device can be used as a device used for traffic,
such as an in-vehicle sensor that takes images of the surroundings of a car, the inside
of the car, and the like, a monitoring camera that monitors travelling vehicles and
roads, and a distance sensor that measures distances between vehicles and the like,
which are used for safe driving (e.g., automatic stop), recognition of the condition of a
driver, and the like.

In addition, this solid-state imaging device can be used as a device used for home
electrical appliances, such as a TV, a refrigerator, and an air conditioner, to takes
images of a gesture of a user and perform appliance operation in accordance with the
gesture.

In addition, this solid-state imaging device can be used as a device used for medical
care and health care, such as an endoscope and a device that performs angiography by
reception of infrared light.

In addition, this solid-state imaging device can be used as a device used for security,
such as a monitoring camera for crime prevention and a camera for personal authen-
tication.

In addition, this solid-state imaging device can be used as a device used for beauty
care, such as skin measurement equipment that takes images of the skin and a mi-
croscope that takes images of the scalp.

In addition, this solid-state imaging can be used as a device used for sports, such as
an action camera and a wearable camera for sports and the like.

In addition, this solid-state imaging device can be used as a device used for
agriculture, such as a camera for monitoring the condition of the field and crops.

Mobile Object

The technology according to an embodiment of the present disclosure is applicable to
a variety of products. For example, the technology according to an embodiment of the
present disclosure is implemented as devices mounted on any type of mobile objects
such as automobiles, electric vehicles, hybrid electric vehicles, motorcycles, bicycles,
personal mobilities, airplanes, drones, ships, and robots.

FIG. 22 is a block diagram illustrating a schematic configuration example of a
vehicle control system which is an example of a mobile object control system to which
a technology according to an embodiment of the present disclosure is applicable.

A vehicle control system 12000 includes a plurality of electronic control units
connected via a communication network 12001. In the example illustrated in the
figure, the vehicle control system 12000 includes a drive line control unit 12010, a

body system control unit 12020, a vehicle outside information detection unit 12030, a
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vehicle inside information detecting unit 12040, and an integrated control unit 12050.
In addition, as functional configurations of the integrated control unit 12050, a micro-
computer 12051, an audio and image output unit 12052, an in-vehicle network
interface (I/F) 12053.

The drive line control unit 12010 controls the operation of devices related to the
drive line of the vehicle in accordance with a variety of programs. For example, the
drive line control unit 12010 functions as a control device for a driving force
generating device such as an internal combustion engine or a driving motor that
generates the driving force of the vehicle, a driving force transferring mechanism that
transfers the driving force to wheels, a steering mechanism that adjusts the steering
angle of the vehicle, a braking device that generates the braking force of the vehicle,
and the like.

The body system control unit 12020 controls the operations of a variety of devices
attached to the vehicle body in accordance with a variety of programs. For example,
the body system control unit 12020 functions as a control device for a keyless entry
system, a smart key system, a power window device, or a variety of lights such as a
headlight, a backup light, a brake light, a blinker, or a fog lamp. In this case, the body
system control unit 12020 can receive radio waves transmitted from a portable device
that serves instead of the key or signals of a variety of switches. The body system
control unit 12020 receives these radio waves or signals, and controls the vehicle door
lock device, the power window device, the lights, or the like.

The vehicle outside information detection unit 12030 detects information regarding
the outside of a vehicle on which the vehicle control system 12000 is mounted. For
example, an imaging unit 12031 is connected to the vehicle outside information
detection unit 12030. The vehicle outside information detection unit 12030 causes the
imaging unit 12031 to capture an image outside of the vehicle and receives the
captured image. The vehicle outside information detection unit 12030 may perform an
object detection process or a distance detection process for a person, a vehicle, an
obstacle, a sign, letters on a road, or the like on the basis of the received image.

The imaging unit 12031 is a light sensor that receives light and outputs an electric
signal in accordance with the amount of received light. The imaging unit 12031 can
output the electric signal as an image or distance measurement information. In
addition, the light received by the imaging unit 12031 may be the visible light or may
be non-visible light such as infrared light.

The vehicle inside information detecting unit 12040 detects information on the inside
of the vehicle. The vehicle inside information detecting unit 12040 is connected, for
example, to a driver state detecting unit 12041 that detects the state of the driver. The

driver state detecting unit 12041 may include, for example, a camera that images the
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driver. The vehicle inside information detecting unit 12040 may compute the degree of
the driver's tiredness or the degree of the driver's concentration or determine whether
the driver have a doze, on the basis of detection information input from the driver state
detecting unit 12041.

For example, the microcomputer 12051 can calculate a control target value of the
driving force generating device, the steering mechanism, or the braking device on the
basis of information acquired by the vehicle outside information detecting unit 12030
or the vehicle inside information detecting unit 12040 on the inside and outside of the
vehicle, and output a control instruction to the drive line control unit 12010. For
example, the microcomputer 12051 may perform cooperative control for the purpose
of executing the functions of an advanced driver assistance system (ADAS) including
vehicle collision avoidance or impact reduction, follow-up driving based on the inter-
vehicle distance, constant vehicle speed driving, vehicle collision warning, vehicle lane
departure warning, or the like.

Further, the microcomputer 12051 can control the driving force generating device,
the steering mechanism, the braking device, or the like on the basis of information
acquired by the vehicle outside information detecting unit 12030 or the vehicle inside
information detecting unit 12040 on the areas around the vehicle, thereby performing
cooperative control for the purpose of automatic driving or the like that allows the
vehicle to autonomously travel irrespective of any operation of a driver.

In addition, the microcomputer 12051 can output a control instruction to the body
system control unit 12020 on the basis of the information regarding the outside of the
vehicle acquired by the vehicle outside information detection unit 12030. For example,
the microcomputer 12051 can control a head lamp in accordance with the position of a
preceding vehicle or an oncoming vehicle detected by the vehicle outside information
detection unit 12030 and can perform cooperative control for the purpose of anti-
glaring such as switching a high beam to a low beam.

The audio and image output unit 12052 transmits an output signal of at least one of a
sound and an image to an output device capable of visually or aurally notifying a
passenger of the vehicle or the outside of the vehicle of information. In the example of
the figure, an audio speaker 12061, a display unit 12062, and an instrument panel
12063 are exemplified as the output device. For example, the display unit 12062 may
include at least one of an onboard display and a head-up display.

FIG. 23 is a diagram illustrating an example of an installation position of the imaging
unit 12031.

In the figure, the vehicle 12100 includes imaging units 12101, 12102, 12103, 12104,
and 12105 as the imaging unit 12031.

Imaging units 12101, 12102, 12103, 12104, and 12105 are positioned, for example,
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at the front nose, a side mirror, the rear bumper, the back door, and the upper part of
the windshield in the vehicle compartment of a vehicle 12100. The imaging unit 12101
attached to the front nose and the imaging unit 12105 attached to the upper part of the
windshield in the vehicle compartment chiefly acquire images of the area ahead of the
vehicle 12100. The imaging units 12102 and 12103 attached to the side mirrors chiefly
acquire images of the areas on the sides of the vehicle 12100. The imaging unit 12104
attached to the rear bumper or the back door chiefly acquires images of the area behind
the vehicle 12100. The images of the area ahead of the vehicle 12100 which are
acquired by the imaging units 12101 and 12105 are used chiefly to detect a preceding
vehicle, a pedestrian, an obstacle, a traffic light, a traffic sign, a lane, or the like.

Additionally, the figure illustrates an example of the imaging ranges of the imaging
units 12101 to 12104. An imaging range 12111 represents the imaging range of the
imaging unit 12101 attached to the front nose. Imaging ranges 12112 and 12113 re-
spectively represent the imaging ranges of the imaging units 12102 and 12103 attached
to the side mirrors. An imaging range 12114 represents the imaging range of the
imaging unit 12104 attached to the rear bumper or the back door. For example,
overlaying image data captured by the imaging units 12101 to 12104 offers an
overhead image that looks down on the vehicle 12100.

At least one of the imaging units 12101 to 12104 may have a function of acquiring
distance information. For example, at least one of the imaging units 12101 to 12104
may be a stereo camera including a plurality of image sensors or may be an image
sensor that includes pixels for phase difference detection.

For example, the microcomputer 12051 can extract a 3-dimensional object traveling
at a predetermined speed (for example, O or more km/h) in substantially the same
direction as the vehicle 12100 as a preceding vehicle by particularly using a closest
3-dimensional object on a travel road of the vehicle 12100 by obtaining a distance to
each 3-dimensional object within the imaging ranges 12111 to 12114 and a temporal
change in the distance (a relative speed to the vehicle 12100) on the basis of distance
information obtained from the imaging units 12101 to 12104. Further, the micro-
computer 12051 can set an inter-vehicle distance to be ensured in advance before a
preceding vehicle and perform automatic brake control (also including follow-up stop
control) or automatic acceleration control (also including follow-up oscillation
control). In this way, it is possible to perform cooperative control for the purpose of
automatic driving or the like that allows the vehicle to autonomously travel irrespective
of any operation of a driver.

For example, the microcomputer 12051 can classify and extract 3-dimensional object
data regarding 3-dimensional objects as other 3-dimensional objects such as mo-

torcycles, normal vehicles, large vehicles, pedestrians, and electric poles on the basis
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of the distance information obtained from the imaging units 12101 to 12104 and can
use the other 3-dimensional objects to automatically avoid obstacles. For example, the
microcomputer 12051 identifies obstacles around the vehicle 12100 as obstacles which
can be viewed by a driver of the vehicle 12100 and obstacles which are difficult to
view. Then, the microcomputer 12051 can determine a collision risk indicating a
danger of collision with each obstacle and output a warning to the driver via the audio
speaker 12061 or the display unit 12062 in a situation in which there is a collision pos-
sibility since the collision risk is set to be equal to or greater than a set value or can
perform driving assistance for collision avoidance by performing forced deceleration
or avoidance steering iv via the drive line control unit 12010.

At least one of the imaging units 12101 to 12104 may be an infrared camera that
detects infrared light. For example, the microcomputer 12051 can recognize a
pedestrian by determining whether there is the pedestrian in captured images of the
imaging units 12101 to 12104. The pedestrian can be recognized, for example, in a
procedure in which feature points are extracted in the captured images of the imaging
units 12101 to 12104 serving as infrared cameras and a procedure in which a series of
feature points indicating a contour of an object are subjected to a pattern matching
process to determine whether there is the pedestrian. The microcomputer 12051 de-
termines that there is the pedestrian in the captured images of the imaging units 12101
to 12104. When the pedestrian is recognized, the audio and image output unit 12052
controls the display unit 12062 such that a rectangular contour line for emphasis is su-
perimposed to be displayed on the recognized pedestrian. In addition, the audio and
image output unit 12052 controls the display unit 12062 such that an icon or the like
indicating the pedestrian is displayed at a desired position.

The above describes an example of the vehicle control system to which the
technology according to an embodiment of the present disclosure can be applied. The
technology according to an embodiment of the present disclosure can be applied to the
imaging unit 12031 among the components described above. Specifically, applying the
technology according to an embodiment of the present disclosure to the imaging unit
12031 can improve the sensitivity of the imaging unit 12031.

Endoscopic Surgical Operation System

The technology according to the present disclosure can be applied to various
products. For example, the technology according to the present disclosure may be
applied to an endoscopic surgical system.

FIG. 24 is a diagram showing an example of a schematic configuration of an en-
doscopic surgical system to which the technology according to the present disclosure
can be applied.

The figure shows a state in which an operator (doctor) 11131 performs a surgical
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operation on a patient 11132 on a patient bed 11133 using an endoscopic surgical
system 11000. As shown in FIG. 90, the endoscopic surgical system 11000 includes an
endoscope 11100, other surgical tools 11110 such as a pneumoperitoneum tube 11111
and an energy treatment tool 11112, a support arm device 11120 supporting the
endoscope 11100, and a cart 11200 in which various devices for performing a surgical
operation under an endoscope are mounted.

The endoscope 11100 includes a lens barrel 11101 of which an area of a prede-
termined length from the tip is inserted into a body cavity of the patient 11132 and a
camera head 11102 that is connected to a proximal end of the lens barrel 11101. In the
shown example, while the endoscope 11100 configured as a so-called rigid endoscope
having the rigid lens barrel 11101 is shown, the endoscope 11100 may be configured
as a so-called flexible endoscope having a flexible lens barrel.

At the tip of the lens barrel 11101, an opening into which an objective lens is fitted is
provided. A light source device 11203 is connected to the endoscope 11100. Light
generated in the light source device 11203 is guided to the tip of the lens barrel by a
light guide that extends inside the lens barrel 11101, and is emitted toward an ob-
servation target inside the body cavity of the patient 11132 through the objective lens.
Here, the endoscope 11100 may be a direct view mirror or may be a perspective mirror
or a side view mirror.

An optical system and an image sensor are provided inside the camera head 11102
and reflected light (observation light) form the observation target is collected in the
image sensor by the optical system. The observation light is photoelectrically
converted by the image sensor, and an electrical signal corresponding to the ob-
servation light, that is, an image signal corresponding to an observation image, is
generated. The image signal is transmitted to a camera control unit (CCU) 11201 as
RAW data.

The CCU 11201 includes a central processing unit (CPU), a graphics processing unit
(GPU), and the like and comprehensively controls operations of the endoscope 11100
and a display device 11202. Further, the CCU 11201 receives the image signal from
the camera head 11102, and performs various types of image processing for displaying
an image based on the image signal, for example, development processing (demosaic
processing) on the image signal.

The display device 11202 displays an image based on the image signal on which
image processing is performed by the CCU 11201 under control of the CCU 11201.

The light source device 11203 includes a light source, for example, a light emitting
diode (LED), and supplies light to be emitted when an operation part and the like are
imaged to the endoscope 11100.

An input device 11204 is an input interface for the endoscopic surgical system
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11000. A user can input various types of information and input an instruction to the en-
doscopic surgical system 11000 through the input device 11204. For example, the user
inputs an instruction for changing imaging conditions (such as a type of light emitted, a
magnification, and a focal length) of the endoscope 11100.

A treatment tool control device 11205 controls driving of the energy treatment tool
11112 for cauterization and incision of tissue or suturing blood vessels. In order to
secure a visual field of the endoscope 11100 and secure a workspace of the operator, a
pneumoperitoneum device 11206 injects a gas into the body cavity through the pneu-
moperitoneum tube 11111 in order to inflate the body cavity of the patient 11132. A
recorder 11207 is a device capable of recording various types of information about a
surgical operation. A printer 11208 is a device capable of printing various types of in-
formation about a surgical operation in various formats such as text, an image or a
graph.

Here, the light source device 11203 configured to supply light to be emitted when an
operation part is imaged to the endoscope 11100 can include, for example, an LED, a
laser light source or a white light source in a combination thereof. When a white light
source includes a combination of RGB laser light sources, since it is possible to control
output intensities and output timings of the colors (wavelengths) with high accuracy, it
is possible to adjust white balance of a captured image in the light source device
11203. In addition, in this case, when laser beams from RGB laser light sources are
emitted to the observation target in a time division manner and driving of the image
sensor of the camera head 11102 is controlled in synchronization with emission
timings thereof, it is possible to capture images corresponding to each of R, G, and B
in a time division manner. According to the method, it is possible to obtain a color
image without providing a color filter in the image sensor.

In addition, driving of the light source device 11203 may be controlled by changing
an intensity of light to be output at predetermined time intervals. Driving of the image
sensor of the camera head 11102 is controlled n synchronization with the timing at
which the intensity of light is changed, and images are acquired in a time division
manner. When the images are combined, it is possible to generate a high dynamic
range image without so-called blackout or whiteout.

In addition, the light source device 11203 can supply light of a predetermined
wavelength band corresponding to special light observation. In the special light ob-
servation, for example, using wavelength dependence of light absorption in body
tissue, light of a narrower band than light (that is, white light) emitted during general
observation is emitted. Therefore, so-called narrow band light observation (narrow
band imaging) in which predetermined tissue such as blood vessels in a mucosal

surface layer is imaged with high contrast is performed. Alternatively, in special light
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observation, fluorescence observation in which an image is obtained by fluorescence
generated when excitation light is emitted may be performed. In fluorescence ob-
servation, excitation light is emitted toward body tissue and fluorescence from the
body tissue is observed (autofluorescence observation), or a reagent such as in-
docyanine green (ICG) is locally injected into body tissue and excitation light corre-
sponding to a fluorescence wavelength of the reagent is emitted to the body tissue so
that a fluorescence image can be obtained. The light source device 11203 can supply
narrow band light and/or excitation light corresponding to such special light ob-
servation.

FIG. 25 is a block diagram showing an example of functional configurations of the
camera head 11102 and the CCU 11201 shown in FIG. 24.

The camera head 11102 includes a lens unit 11401, an imaging unit 11402, a drive
unit 11403, a communication unit 11404, and a camera head control unit 11405. The
CCU 11201 includes a communication unit 11411, an image processing unit 11412,
and a control unit 11413. The camera head 11102 and the CCU 11201 are connected
by a transmission cable 11400 so that they can communicate each other.

The lens unit 11401 is an optical system that is provided at a connection part with the
lens barrel 11101. Observation light received from the tip of the lens barrel 11101 is
guided to the camera head 11102 and is incident on the lens unit 11401. The lens unit
11401 includes a combination of a plurality of lenses including a zoom lens and a
focus lens.

The imaging unit 11402 includes an image sensor. The imaging unit 11402 may
include one image sensor (so-called single plate type) or may include a plurality of
image sensors (so-called multi-plate type). When the imaging unit 11402 is a multi-
plate type, for example, image signals corresponding to R, G, and B are generated by
the image sensors, and these may be combined to obtain a color image. Alternatively,
the imaging unit 11402 may include a pair of image sensors in order to acquire image
signals for the right eye and left eye corresponding to a 3D (dimensional) display.
When the 3D display is provided, the operator 11131 can recognize a depth of bi-
ological tissue in the operation part more accurately. Here, when the imaging unit
11402 is a multi-plate type, a plurality of lens units 11401 are provided to correspond
to image sensors.

In addition, the imaging unit 11402 may not be necessarily provided in the camera
head 11102. For example, the imaging unit 11402 may be provided inside the lens
barrel 11101 and immediately behind the objective lens.

The drive unit 11403 includes an actuator and moves a zoom lens and a focus lens of
the lens unit 11401 by a predetermined distance along the optical axis under control of

the camera head control unit 11405. Accordingly, a magnification and a focus of a
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captured image by the imaging unit 11402 can be appropriately adjusted.

The communication unit 11404 includes a communication device configured to
transmit and receive various types of information to and from the CCU 11201. The
communication unit 11404 transmits an image signal obtained from the imaging unit
11402 to the CCU 11201 through the transmission cable 11400 as RAW data.

In addition, the communication unit 11404 receives a control signal for controlling
driving of the camera head 11102 from the CCU 11201 and supplies the received
signal to the camera head control unit 11405. The control signal includes information
about imaging conditions, for example, information for designating a frame rate of a
captured image, information for designating an exposure value during imaging, and/or
information for designating a magnification and a focus of a captured image.

Here, imaging conditions such as the frame rate, the exposure value, the magni-
fication, and the focus may be appropriately designated by the user, or may be auto-
matically set by the control unit 11413 of the CCU 11201 on the basis of the acquired
image signal. In the latter case, a so-called auto exposure (AE) function, auto focus
(AF) function and auto white balance (AWB) function are provided for the endoscope
11100.

The camera head control unit 11405 controls driving of the camera head 11102 on
the basis of the control signal received from the CCU 11201 through the commu-
nication unit 11404.

The communication unit 11411 includes a communication device configured to
transmit and receive various types of information to and from the camera head 11102.
The communication unit 11411 receives an image signal transmitted through the
transmission cable 11400 from the camera head 11102.

In addition, the communication unit 11411 transmits a control signal for controlling
driving of the camera head 11102 to the camera head 11102. The image signal and the
control signal can be transmitted through telecommunication, optical communication,
or the like.

The image processing unit 11412 performs various types of image processing on the
image signal which is RAW data transmitted from the camera head 11102.

The control unit 11413 performs various types of control regarding imaging of an
operation part by the endoscope 11100 or the like, and displaying of a captured image
obtained by imaging the operation part or the like. For example, the control unit 11413
generates a control signal for controlling driving of the camera head 11102.

In addition, the control unit 11413 displays a captured image showing an operation
part and the like on the display device 11202 on the basis of the image signal on which
image processing is performed by the image processing unit 11412. In this case, the

control unit 11413 may recognize various objects in the captured image using various



27

WO 2019/044213 PCT/JP2018/026604

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

image recognition technologies. For example, when the shape of an edge, a color, and
the like of the object included in the captured image are detected, the control unit
11413 can recognize a surgical tool such as a forceps, a specific body part, bleeding,
mist generated when the energy treatment tool 11112 is used. When the captured
image is displayed on the display device 11202, the control unit 11413 may display
various types of operation support information on the image of the operation part in an
overlapping manner using the recognition result. When the operation support in-
formation is displayed in an overlapping manner and is presented to the operator
11131, it is possible to reduce a burden on the operator 11131 and the operator 11131
can reliably proceed a surgical operation.

The transmission cable 11400 connecting the camera head 11102 and the CCU
11201 is an electrical signal cable supporting electrical signal communication, an
optical fiber supporting optical communication, or a composite cable thereof.

Here, while wired communication is performed using the transmission cable 11400
in the shown example, wireless communication may be performed between the camera
head 11102 and the CCU 11201.

An example of the endoscopic surgical system to which the technology according to
the present disclosure can be applied has been described above. The technology
according to an embodiment of the present disclosure can be applied to the endoscope
11100 and the imaging unit 11402 of the camera head 11102 among the components
described above. Specifically, applying the technology according to an embodiment of
the present disclosure to the endoscope 11100 and the imaging unit 11402 of the
camera head 11102 can improve the sensitivity of the endoscope 11100 and the
imaging unit 11402 of the camera head 11102.

Here, while the endoscopic surgical system has been described as an example, the
technology according to the present disclosure may be applied to other systems, for
example, a microscopic surgical system.

The above-described embodiments are examples for embodying the present
technology, and matters in the embodiments each have a corresponding relationship
with disclosure-specific matters in the claims. Likewise, the matters in the em-
bodiments and the disclosure-specific matters in the claims denoted by the same names
have a corresponding relationship with each other. However, the present technology is
not limited to the embodiments, and various modifications of the embodiments may be
embodied in the scope of the present technology without departing from the spirit of
the present technology.

Note that the effects described in the present specification are not limiting but are
merely examples, and there may be other effects.

It should be understood by those skilled in the art that various modifications, com-
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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.

Additionally, the present technology may also be configured as below.

ey

A solid-state imaging device including:

a color filter that is provided for each of pixels which are two-dimensionally
disposed, and supports any of at least three different types of wavelength bands; and

an antireflective layer that is provided on a light-receiving surface of the pixel which
receives light coming via the color filter, and further has a periodic concave-convex
structure for some of the at least three types.

@3]

The solid-state imaging device according to (1), in which

the color filter supports, as the at least three different types of wavelength bands, any
three types of infrared, red, green, blue, ultraviolet, and achromatic wavelength bands.

3)

The solid-state imaging device according to any of (1) to (2), in which

the color filter is disposed in accordance with Bayer arrangement, and

the antireflective layer has a planar film structure for a pixel in which the color filter
is a green filter, and has the periodic concave-convex structure for a pixel in which the
color filter is a blue filter.

“

The solid-state imaging device according to any of (1) to (3), in which

the antireflective layer also has the periodic concave-convex structure for a pixel in
which the color filter is a red filter.

&)

The solid-state imaging device according to any of (1) to (4), in which

the periodic concave-convex structure is a structure in which inverted pyramid
structures each having a crystal plane (111) of silicon are periodically disposed.

(6)

The solid-state imaging device according to any of (1) to (5), in which

an angle of the inverted pyramid structure with a silicon board face is a value
arctan(2'?) of an arctangent function.

)

The solid-state imaging device according to any of (1) to (6), in which

distance between adjacent pyramids in the inverted pyramid structure is from 200 nm
to 800 nm.

®)
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The solid-state imaging device according to any of (1) to (7), in which

length of one side of each of the inverted pyramid structures is from 200 nm to 800
nm.

€))

The solid-state imaging device according to any of (1) to (8), in which

a number of pyramids in the inverted pyramid structure is an integer number for each
of the pixels.

(10)

The solid-state imaging device according to any of (1) to (9), in which

the antireflective layer includes a reflective plate including a A/4 wave plate for a pixel
in which the color filter is a green filter, and has the structure in which the inverted
pyramid structures are periodically disposed for a pixel in which the color filter is an
ultraviolet or blue filter.

(11)

The solid-state imaging device according to any of (1) to (10), in which

the antireflective layer also has the structure in which the inverted pyramid structures
are periodically disposed for a pixel in which the color filter is a red filter.

(12)

The solid-state imaging device according to any of (1) to (11), further including:

a photoelectric conversion unit that converts light received for each of the pixels into a
voltage signal; and

an element isolation unit that isolates the photoelectric conversion units for each of the
pixels, in which

the element isolation unit has a structure in which a trench structure is embedded into a
silicon board.

(13)

The solid-state imaging device according to any of (1) to (12), in which

the element isolation unit is obtained by loading the trench structure with a metallic
material.

(14)

The solid-state imaging device according to any of (1) to (13), in which

the metallic material includes tungsten, aluminum, copper, or a metallic alloy thereof
as a chief component.

(15)

The solid-state imaging device according to any of (1) to (14), further including:

a phase difference detection pixel that has one on-chip light condensing structure in
2x1 adjacent pixels or 2x2 adjacent pixels, in which

the antireflective layer has a planar film structure for the phase difference detection
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pixel.

(16)

An electronic apparatus including:

a color filter that is provided for each of pixels which are two-dimensionally disposed,
and supports any of at least three different types of wavelength bands;

an antireflective layer that is provided on a light-receiving surface of the pixel which
receives light coming via the color filter, and further has a periodic concave-convex
structure for some of the at least three types;

a photoelectric conversion unit that converts the light received for each of the pixels
into a voltage signal; and

a signal processing unit that performs predetermined signal processing on the voltage
signal.

(17)

An imaging device, comprising:

a first photoelectric conversion region receiving light within a first range of
wavelengths;

a second photoelectric conversion region receiving light within a second range of
wavelengths; and

a third photoelectric conversion region receiving light within a third range of
wavelengths,

wherein at least a portion of a light-receiving surface of the first photoelectric
conversion region has a first concave-convex structure, and

wherein a light-receiving surface of the second photoelectric conversion region has a
different structure than the first concave-convex structure.

(18)

The imaging device according to (17) wherein the different structure of the light-
receiving surface of the second photoelectric conversion region is planar, and wherein
a light-receiving surface of the third photoelectric conversion region is planar.

(19)

The imaging device according to any of (17) to (18), wherein at least a portion of a
light-receiving surface of the third photoelectric conversion region has a second
concave-convex structure.

20)

The imaging device according to any of (17) to (19), wherein the first range of
wavelengths corresponds to blue light.

3y

The imaging device according to any of (17) to (20), wherein the second range of

wavelengths corresponds to green light.
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(22)

The imaging device according to any of (17) to (21), wherein the third range of
wavelengths corresponds to red light.

(23)

The imaging device according to any of (17) to (22), further comprising:

a first color filter that passes light corresponding to the first range of wavelengths and
that overlaps the first photoelectric conversion region;

a second color filter that passes light corresponding to the second range of wavelengths
and that overlaps the second photoelectric conversion region; and

a third color filter that passes light corresponding to the third range of wavelengths and
that overlaps the third photoelectric conversion region.

(24)

The imaging device according to any of (17) to (23), further comprising:

a first anti-reflective layer disposed on the light-receiving surface of the first photo-
electric conversion region, the first anti-reflective layer having the first concave-
convex structure.

(25)

The imaging device according to any of (17) to (24), further comprising:

a second anti-reflective layer disposed on the light-receiving surface of the second pho-
toelectric conversion region, the second anti-reflective layer having the different
structure.

(26)

The imaging device according to any of (17) to (25), wherein a thickness of the second
anti-reflective layer is one-quarter of a selected one of the wavelengths within the
second range of wavelengths, and wherein the different structure is a planar structure.
27)

The imaging device according to any of (17) to (26), further comprising:

a third anti-reflective layer disposed on a light receiving surface of the third photo-
electric conversion element.

(28)

The imaging device according to any of (17) to (27), wherein a thickness of the third
anti-reflective layer is one-quarter of a selected one of the wavelengths within the third
range of wavelengths, and wherein the third anti-reflective layer is planar.

(29)

The imaging device according to any of (17) to (28), wherein the portion of the light-
receiving surface of the first photoelectric conversion element having the first concave-

convex structure comprises silicon.

(30
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The imaging device according to any of to (17) to (29), wherein the first concave-
convex structure is one of a pyramid structure or an inverted pyramid structure.
(D
The imaging device according to any of (17) to (30), wherein an angle formed by sides
of the pyramid structure with respect to a surface of the silicon is about 55 degrees.
(32)
The imaging device according to any of (17) to (31), wherein the surface of the silicon
is a (100) surface and the sides of the pyramid structure are (111) surfaces.
(33)
The imaging device according to any of (17) to (32), wherein at least a portion of a
light-receiving surface of the third photoelectric conversion region has a second
concave-convex structure.
(34)
The imaging device according to any of (17) to (33), wherein the first range of
wavelengths corresponds to blue light and the third range of wavelengths corresponds
to red light.
(35)
The imaging device according to any of (17) to (34), wherein the first and second
concave-convex structures are periodic.
(36)
An electronic device, comprising:
a signal processor; and
an imaging device including:
a first photoelectric conversion region receiving light within a first range of
wavelengths;
a second photoelectric conversion region receiving light within a second range of
wavelengths; and
a third photoelectric conversion region receiving light within a third range of
wavelengths,
wherein at least a portion of a light-receiving surface of the first photoelectric
conversion region has a concave-convex structure, and
wherein a light-receiving surface of the second photoelectric conversion region has a
different structure than the concave-convex structure.
Reference Signs List

10 pixel region

11 pixel

12 transfer transistor



33
WO 2019/044213 PCT/JP2018/026604

13 floating diffusion region
14 reset transistor

15 amplifier transistor

16 selection transistor

17 photo diode

20 vertical drive circuit

30 horizontal drive circuit
40 control circuit

50 column signal processing circuit
60 output circuit

100 semiconductor board
111 to 114 antireflective layer
120 transfer gate

130 floating diffusion region
140 reset transistor

150 amplifier transistor

170 photo diode

190 element isolation unit
191 trench structure

200 wiring layer

220 wire

310 on-chip lens

320 color filter

330 planarization film

340 light-shielding film
11100 endoscope

11102 camera head

11402, 12031 imaging unit
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Claims

[Claim 1] An imaging device, comprising:

a first photoelectric conversion region receiving light within a first
range of wavelengths;

a second photoelectric conversion region receiving light within a
second range of wavelengths; and

a third photoelectric conversion region receiving light within a third
range of wavelengths,

wherein at least a portion of a light-receiving surface of the first pho-
toelectric conversion region has a first concave-convex structure, and

wherein a light-receiving surface of the second photoelectric
conversion region has a different structure than the first concave-
convex structure.

[Claim 2] The imaging device according to claim 1, wherein the different
structure of the light-receiving surface of the second photoelectric
conversion region is planar, and wherein a light-receiving surface of the
third photoelectric conversion region is planar.

[Claim 3] The imaging device according to claim 1, wherein at least a portion of a
light-receiving surface of the third photoelectric conversion region has
a second concave-convex structure.

[Claim 4] The imaging device according to claim 1, wherein the first range of
wavelengths corresponds to blue light.

[Claim 5] The imaging device according to claim 4, wherein the second range of
wavelengths corresponds to green light.

[Claim 6] The imaging device according to claim 5, wherein the third range of
wavelengths corresponds to red light.

[Claim 7] The imaging device according to claim 6, further comprising:

a first color filter that passes light corresponding to the first range of
wavelengths and that overlaps the first photoelectric conversion region;

a second color filter that passes light corresponding to the second
range of wavelengths and that overlaps the second photoelectric
conversion region; and

a third color filter that passes light corresponding to the third range
of wavelengths and that overlaps the third photoelectric conversion
region.

[Claim 8] The imaging device according to claim 1, further comprising:

a first anti-reflective layer disposed on the light-receiving surface of
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the first photoelectric conversion region, the first anti-reflective layer
having the first concave-convex structure.
The imaging device according to claim 8, further comprising:

a second anti-reflective layer disposed on the light-receiving surface
of the second photoelectric conversion region, the second anti-re-
flective layer having the different structure.

The imaging device according to claim 9, wherein a thickness of the
second anti-reflective layer is one-quarter of a selected one of the
wavelengths within the second range of wavelengths, and wherein the
different structure is a planar structure.

The imaging device according to claim 10, further comprising:

a third anti-reflective layer disposed on a light receiving surface of
the third photoelectric conversion element.

The imaging device according to claim 11, wherein a thickness of the
third anti-reflective layer is one-quarter of a selected one of the
wavelengths within the third range of wavelengths, and wherein the
third anti-reflective layer is planar.

The imaging device according to claim 1, wherein the portion of the
light-receiving surface of the first photoelectric conversion element
having the first concave-convex structure comprises silicon.

The imaging device according to claim 13, wherein the first concave-
convex structure is one of a pyramid structure or an inverted pyramid
structure.

The imaging device according to claim 14, wherein an angle formed by
sides of the pyramid structure with respect to a surface of the silicon is
about 55 degrees.

The imaging device according to claim 15, wherein the surface of the
silicon is a (100) surface and the sides of the pyramid structure are
(111) surfaces.

The imaging device according to claim 16, wherein at least a portion of
a light-receiving surface of the third photoelectric conversion region
has a second concave-convex structure.

The imaging device according to claim 17, wherein the first range of
wavelengths corresponds to blue light and the third range of
wavelengths corresponds to red light.

The imaging device according to claim 18, wherein the first and second
concave-convex structures are periodic.

An electronic device, comprising:
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a signal processor; and
an imaging device including:
a first photoelectric conversion region receiving light within a first
range of wavelengths;
a second photoelectric conversion region receiving light within a
second range of wavelengths; and
a third photoelectric conversion region receiving light within a
third range of wavelengths,
wherein at least a portion of a light-receiving surface of the first
photoelectric conversion region has a concave-convex structure, and
wherein a light-receiving surface of the second photoelectric
conversion region has a different structure than the concave-convex

structure.
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[Fig. 3]
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[Fig. 4]
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[Fig. 5]
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[Fig. 6]
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[Fig. 10]
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[Fig. 11]
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[Fig. 13]
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[Fig. 15]
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