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(54) LIGHT RECEIVING ELEMENT, RANGING MODULE, AND ELECTRONIC APPARATUS

(57) Disclosed is a light receiving element (10) in-
cluding an on-chip lens (47), a wiring layer (42), and a
semiconductor layer (41) disposed between the on-chip
lens and the wiring layer. The semiconductor layer in-
cludes a photodiode (PD), a first transfer transistor
(TRG1) that transfers electric charge generated in the
photodiode to a first charge storage portion (FD1), a sec-
ond transfer transistor (TRG2) that transfers electric
charge generated in the photodiode to a second charge
storage portion (FD2), and an interpixel separation por-
tion (61) that separates the semiconductor layers of ad-
jacent pixels from each other, for at least part of the sem-
iconductor layer in the depth direction. The wiring layer
has at least one layer including a light blocking member
(63). The light blocking member is disposed to overlap
with the photodiode in a plan view.
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Description

[CROSS REFERENCE TO RELATED APPLICATIONS]

[0001] This application claims the benefit of Japanese
Priority Patent Application JP 2018-135395 filed on July
18, 2018, the entire contents of which are incorporated
herein by reference.

[Technical Field]

[0002] The present technology relates to a light receiv-
ing element, a ranging module, and an electronic appa-
ratus, and more particularly, to a light receiving element,
a ranging module, and an electronic apparatus that are
designed to be capable of improving characteristics.

[Background Art]

[0003] Ranging systems using an indirect time of flight
(ToF) method have been known. In such a ranging sys-
tem, signal charges obtained by receiving reflected light
of active light that is emitted from a light emitting diode
(LED) or a laser at a certain phase and is reflected by an
object are distributed to different regions at high speed.
[0004] Therefore, a sensor capable of the distribution
is necessary.
[0005] In view of this, a technology has been suggest-
ed for enabling high-speed modulation of a wide region
in a substrate of a sensor by applying voltage directly to
the substrate and thus generating electric current in the
substrate, for example (see PTL 1, for example). Such a
sensor is also called a current assisted photonic demod-
ulator (CAPD) sensor.

[Citation List]

[Patent Literature]

[0006] [PTL 1] JP 2011-86904 A 

[Summary]

[Technical Problem]

[0007] However, it is difficult to obtain a CAPD sensor
with sufficient characteristics by the above described
technology.
[0008] For example, the above described CAPD sen-
sor is a surface-illuminated sensor in which wiring lines
and the like are disposed on the surface of the substrate
on the side on which light from outside is received. To
secure the photoelectric conversion region, it is desirable
that there is no wiring line or the like that blocks the light
path of incident light on the light receiving surface side
of a photodiode (PD) or a photoelectric conversion por-
tion. In a surface-illuminated CAPD sensor, however, wir-
ing lines for extracting charges, various kinds of control

lines, and signal lines are disposed on the light receiving
surface side of a PD, depending on the structure. As a
result, the photoelectric conversion region is limited. That
is, it is difficult to secure a sufficient photoelectric con-
version region, and characteristics such as the pixel sen-
sitivity might be degraded.
[0009] Further, in a case where a CAPD sensor is used
in a place subjected to external light, the external light
component becomes a noise component in the indirect
ToF method in which ranging is performed with active
light. Therefore, to secure a sufficient signal-to-noise ra-
tio (SN ratio) and obtain distance information, it is nec-
essary to secure a sufficient saturation signal amount
(Qs). In a surface-illuminated CAPD sensor, however,
there is a limitation on the wiring layout, and therefore, it
is necessary to take a measure to use a technique not
involving a wiring capacitor, such as providing an addi-
tional transistor for securing capacitance.
[0010] In many cases, near-infrared light of a wave-
length of about 940 nm, which corresponds to a window
of sunlight, is used as the light source. Near-infrared light
has low quantum efficiency because the absorption co-
efficient of the silicon forming a semiconductor layer is
low. Therefore, it is necessary to increase the thickness
of the silicon forming the photoelectric conversion region.
In a case where the silicon is thick, charges subjected to
photoelectric conversion take a long time to reach the
electrode for attracting the charges. After the distribution
is switched, some charges reach the electrode in some
cases, resulting in an erroneous signal. As a result, the
ranging accuracy might become lower. In other words,
the characteristics of the sensor might be degraded.
[0011] The present technology has been made in view
of those circumstances, and is to enable improvement in
the characteristics of a ToF sensor.

[Solution to Problem]

[0012] A light receiving element according to a first as-
pect of the present technology includes:

an on-chip lens;
a wiring layer; and
a semiconductor layer disposed between the on-chip
lens and the wiring layer,
in which the semiconductor layer includes:

a photodiode;
a first transfer transistor that transfers electric
charge generated in the photodiode to a first
charge storage portion;
a second transfer transistor that transfers elec-
tric charge generated in the photodiode to a sec-
ond charge storage portion; and
an interpixel separation portion that separates
the semiconductor layers of adjacent pixels from
each other, for at least part of the semiconductor
layer in the depth direction,
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the wiring layer has at least one layer including a
light blocking member, and
the light blocking member is disposed to overlap with
the photodiode in a plan view.

[0013] In the first aspect of the present technology, an
on-chip lens, a wiring layer, and a semiconductor layer
disposed between the on-chip lens and the wiring layer
are provided. The semiconductor layer includes: a pho-
todiode; a first transfer transistor that transfers electric
charge generated in the photodiode to a first charge stor-
age portion; a second transfer transistor that transfers
electric charge generated in the photodiode to a second
charge storage portion; and an interpixel separation por-
tion that separates the semiconductor layers of adjacent
pixels from each other, for at least part of the semicon-
ductor layer in the depth direction. The wiring layer in-
cludes at least one layer including a light blocking mem-
ber, and the light blocking member is provided to overlap
with the photodiode in a plan view.
[0014] A ranging module according to a second aspect
of the present technology includes:

a light receiving member;
a light source that emits irradiation light having pe-
riodically varying brightness; and
a light emission controller that controls timing to emit
the irradiation light,
in which the light receiving element includes:

an on-chip lens;
a wiring layer; and
a semiconductor layer disposed between the
on-chip lens and the wiring layer,

the semiconductor layer includes:

a photodiode;
a first transfer transistor that transfers electric
charge generated in the photodiode to a first
charge storage portion;
a second transfer transistor that transfers elec-
tric charge generated in the photodiode to a sec-
ond charge storage portion; and
an interpixel separation portion that separates
the semiconductor layers of adjacent pixels from
each other, for at least part of the semiconductor
layer in the depth direction,

the wiring layer has at least one layer including a
light blocking member, and
the light blocking member is disposed to overlap with
the photodiode in a plan view.

[0015] In the second aspect of the present technology,
a light receiving element, a light source that emits irradi-
ation light having periodically varying brightness, and a
light emission controller that controls the timing to emit

the irradiation light are provided. In the light receiving
element, an on-chip lens, a wiring layer, and a semicon-
ductor layer disposed between the on-chip lens and the
wiring layer are provided. The semiconductor layer in-
cludes: a photodiode; a first transfer transistor that trans-
fers electric charge generated in the photodiode to a first
charge storage portion; a second transfer transistor that
transfers electric charge generated in the photodiode to
a second charge storage portion; and an interpixel sep-
aration portion that separates the semiconductor layers
of adjacent pixels from each other, for at least part of the
semiconductor layer in the depth direction. The wiring
layer includes at least one layer including a light blocking
member, and the light blocking member is provided to
overlap with the photodiode in a plan view.
[0016] An electronic apparatus according to a third as-
pect of the present technology includes:

a ranging module including:

a light receiving member;
a light source that emits irradiation light having
periodically varying brightness; and
a light emission controller that controls timing to
emit the irradiation light,

in which the light receiving element includes:

an on-chip lens;
a wiring layer; and
a semiconductor layer disposed between the
on-chip lens and the wiring layer,

the semiconductor layer includes:

a photodiode;
a first transfer transistor that transfers electric
charge generated in the photodiode to a first
charge storage portion;
a second transfer transistor that transfers elec-
tric charge generated in the photodiode to a sec-
ond charge storage portion; and
an interpixel separation portion that separates
the semiconductor layers of adjacent pixels from
each other, for at least part of the semiconductor
layer in the depth direction,

the wiring layer has at least one layer including a
light blocking member, and
the light blocking member is disposed to overlap with
the photodiode in a plan view.

[0017] In the third aspect of the present technology, a
ranging module including a light receiving element, a light
source that emits irradiation light having periodically var-
ying brightness, and a light emission controller that con-
trols the timing to emit the irradiation light is provided. In
the light receiving element, an on-chip lens, a wiring layer,
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and a semiconductor layer disposed between the on-chip
lens and the wiring layer are provided. The semiconduc-
tor layer includes: a photodiode; a first transfer transistor
that transfers electric charge generated in the photodiode
to a first charge storage portion; a second transfer tran-
sistor that transfers electric charge generated in the pho-
todiode to a second charge storage portion; and an in-
terpixel separation portion that separates the semicon-
ductor layers of adjacent pixels from each other, for at
least part of the semiconductor layer in the depth direc-
tion. The wiring layer includes at least one layer including
a light blocking member, and the light blocking member
is provided to overlap with the photodiode in a plan view.

[Advantageous Effects of Invention]

[0018] According to the first through third aspects of
the present technology, characteristics can be improved.
[0019] Note that the effects of the present technology
are not limited to the effects described herein, and may
include any of the effects described in the present dis-
closure.

[Brief Description of Drawings]

[0020]

[Fig. 1]
Fig. 1 is a block diagram schematically showing an
example configuration of a light receiving element to
which an embodiment of the present technology is
applied.
[Fig. 2]
Fig. 2 is a cross-sectional view showing a first ex-
ample configuration of pixels.
[Fig. 3]
Fig. 3 is a diagram showing an example circuit con-
figuration of each pixel shown in Fig. 2.
[Fig. 4]
Fig. 4 is a plan view showing an example of arrange-
ment in the pixel circuit shown in Fig. 3.
[Fig. 5]
Fig. 5 is a diagram showing another example circuit
configuration of each pixel shown in Fig. 2.
[Fig. 6]
Fig. 6 is a plan view showing an example of arrange-
ment in the pixel circuit shown in Fig. 5.
[Fig. 7]
Fig. 7 is a diagram for explaining the effects of a
back-illuminated type.
[Fig. 8]
Fig. 8 is a diagram for explaining the effects of a
back-illuminated type.
[Fig. 9]
Fig. 9 is a diagram for explaining the effects of a
back-illuminated type.
[Fig. 10]
Fig. 10 is a diagram for explaining the effects of a

back-illuminated type.
[Fig. 11]
Fig. 11 is a diagram for explaining the effects of a
back-illuminated type.
[Fig. 12]
Fig. 12 is a cross-sectional view showing a second
example configuration of pixels.
[Fig. 13]
Fig. 13 is a cross-sectional view showing a third ex-
ample configuration of pixels.
[Fig. 14]
Fig. 14 is a cross-sectional view showing a fourth
example configuration of pixels.
[Fig. 15]
Fig. 15 is a cross-sectional view showing a fifth ex-
ample configuration of pixels.
[Fig. 16]
Figs. 16A and 16B are perspective views showing
an example configuration of a moth-eye structure.
[Fig. 17]
Figs. 17A and 17B are perspective views showing
another example configuration of a moth-eye struc-
ture.
[Fig. 18]
Figs. 18A and 18B are perspective views showing
other example configurations of a moth-eye struc-
ture.
[Fig. 19]
Fig. 19 is a cross-sectional view showing a sixth ex-
ample configuration of pixels.
[Fig. 20]
Figs. 20A through 20F are diagrams for explaining
a manufacturing method in the sixth example con-
figuration.
[Fig. 21]
Fig. 21 is a diagram showing an example of a four-
tap pixel configuration.
[Fig. 22]
Fig. 22 is a block diagram showing an example con-
figuration of a ranging module to which an embodi-
ment of the present technology is applied.
[Fig. 23]
Fig. 23 is a block diagram showing an example con-
figuration of a smartphone as an electronic appara-
tus to which an embodiment of the present technol-
ogy is applied.
[Fig. 24]
Fig. 24 is a block diagram schematically showing an
example configuration of a vehicle control system.
[Fig. 25]
Fig. 25 is an explanatory diagram showing an exam-
ple of installation positions of external information
detectors and imaging units.

[Description of Embodiments]

[0021] The following is descriptions of modes (herein-
after referred to as embodiments) for carrying out the
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present technology. Note that explanation will be made
in the following order.

1. Example configuration of a light receiving element
2. Cross-sectional view of a first example configura-
tion of pixels
3. Example circuit configuration of a pixel
4. Plan view of a pixel
5. Another example circuit configuration of a pixel
6. Plan view of a pixel
7. Effects of a back-illuminated type
8. Cross-sectional view of a second example config-
uration of pixels
9. Cross-sectional view of a third example configu-
ration of pixels
10. Cross-sectional view of a fourth example config-
uration of pixels
11. Cross-sectional view of a fifth example configu-
ration of pixels
12. Cross-sectional view of a sixth example config-
uration of pixels
13. Example of a four-tap pixel configuration
14. Example configuration of a ranging module
15. Example configuration of an electronic apparatus
16. Example applications to moving objects

<1. Example Configuration of a Light Receiving Element]

[0022] Fig. 1 is a block diagram schematically showing
an example configuration of a light receiving element to
which the present technology is applied.
[0023] A light receiving element 1 shown in Fig. 1 is an
element that outputs ranging information according to
the indirect ToF method.
[0024] The light receiving element 1 receives light (re-
flected light) that is light (irradiation light) emitted from a
predetermined light source has been incident on and then
reflected by an object, and outputs a depth image in which
information indicating the distance to the object is stored
as a depth value. Note that the irradiation light emitted
from the light source is infrared light having a wavelength
of 780 nm to 1000 nm, for example, and is pulse light
that repeatedly turns on and off at predetermined inter-
vals.
[0025] The light receiving element 1 includes a pixel
array unit 21 formed on a semiconductor substrate (not
shown), and a peripheral circuit unit integrated on the
same semiconductor substrate as the pixel array unit 21.
The peripheral circuit unit is formed with a vertical drive
unit 22, a column processing unit 23, a horizontal drive
unit 24, and a system control unit 25, for example.
[0026] The light receiving element 1 further includes a
signal processing unit 26 and a data storage unit 27. Note
that the signal processing unit 26 and the data storage
unit 27 may be mounted on the same substrate as the
light receiving element 1, or may be disposed on a sub-
strate in a module different from the light receiving ele-
ment 1. The pixel array unit 21 generates charges cor-

responding to the amount of received light, and pixels 10
that output signals corresponding to the charges are two-
dimensionally arranged in the row direction and the col-
umn direction in a matrix fashion. In other words, the pixel
array unit 21 has a plurality of pixels 10 that photoelec-
trically convert incident light, and output signals corre-
sponding to the resultant charges. The pixel 10 will be
described later in detail, with reference to Fig. 2 and the
subsequent drawings.
[0027] Here, the row direction refers to the array direc-
tion of the pixels 10 in the horizontal direction, and the
column direction refers to the array direction of the pixels
10 in the vertical direction. The row direction is the lateral
direction in the drawing, and the column direction is the
longitudinal direction in the drawing.
[0028] In the matrix-like pixel array of the pixel array
unit 21, pixel drive lines 28 are arranged in the row di-
rection for the respective pixel rows, and two vertical sig-
nal lines 29 are arranged in the column direction for each
pixel column. For example, the pixel drive lines 28 trans-
mit drive signals for performing driving when signals are
read from the pixels 10. Note that, in Fig. 1, each pixel
drive line 28 is shown as one wiring line, but is not nec-
essarily one wiring line. One end of each of the pixel drive
lines 28 is connected to the output end of the vertical
drive unit 22 corresponding to the respective rows.
[0029] The vertical drive unit 22 is formed with a shift
register, an address decoder, and the like, and drives the
respective pixels 10 in the pixel array unit 21 collectively
or row by row, for example. In other words, the vertical
drive unit 22, together with the system control unit 25 that
controls the vertical drive unit 22, forms a drive unit that
controls operations of the respective pixels 10 in the pixel
array unit 21.
[0030] Detection signals output from the respective
pixels 10 in the pixel row according to the drive control
performed by the vertical drive unit 22are input to the
column processing unit 23 through the vertical signal
lines 29 The column processing unit 23 performs prede-
termined signal processing on the detection signals out-
put from the respective pixels 10 through the vertical sig-
nal lines 29, and temporarily stores the detection signals
subjected to the signal processing. Specifically, the col-
umn processing unit 23 performs a noise removal proc-
ess, an analog-to-digital (AD) conversion process, and
the like as the signal processing.
[0031] The horizontal drive unit 24 is formed with a shift
register, an address decoder, and the like, and sequen-
tially selects the unit circuits corresponding to the pixel
columns of the column processing unit 23. Through this
selective scanning performed by the horizontal drive unit
24, the detection signals subjected to the signal process-
ing by the column processing unit 23 for the respective
unit circuits are sequentially output.
[0032] The system control unit 25 includes a timing
generator that generates various timing signals, and per-
forms drive control on the vertical drive unit 22, the col-
umn processing unit 23, the horizontal drive unit 24, and
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the like, on the basis of the various timing signals gen-
erated by the timing generator.
[0033] The signal processing unit 26 has at least an
arithmetic processing function, and performs various
kinds of signal processing such as arithmetic processing,
on the basis of the detection signals that are output from
the column processing unit 23. The data storage unit 27
temporarily stores the data necessary for the signal
processing to be performed by the signal processing unit
26.
[0034] The light receiving element 1 configured as de-
scribed above outputs a depth image in which information
indicating the distance to the object is stored as a depth
value in a pixel value. The light receiving element 1 is
mounted on a vehicle, for example, and may be mounted
on an in-vehicle system that measures the distance to
an object outside the vehicle, a gesture recognition de-
vice that measures the distance to an object such as the
user’s hand and recognizes a gesture of the user from
the result of the measurement, or the like.

<2. Cross-Sectional View of a First Example Configura-
tion of Pixels>

[0035] Fig. 2 is a cross-sectional view showing a first
example configuration of the pixels 10 arranged in the
pixel array unit 21.
[0036] The light receiving element 1 includes a semi-
conductor substrate 41 and a multilayer wiring layer 42
formed on the front surface side (the lower side in the
drawing).
[0037] The semiconductor substrate 41 is formed with
silicon (Si), for example, and has a thickness of 1 to 6
mm, for example. In the semiconductor substrate 41, N-
type (a second conductivity type) semiconductor regions
52 are formed pixel by pixel in a P-type (a first conductivity
type) semiconductor region 51, for example, so that pho-
todiodes PD are formed on a pixel-by-pixel basis. The P-
type semiconductor region 51 provided on both the front
and back surfaces of the semiconductor substrate 41 al-
so serves as a hole charge storage region for reducing
dark current.
[0038] The upper surface of the semiconductor sub-
strate 41, which is the upper side in Fig. 2, is the back
surface of the semiconductor substrate 41, and is a light
incident surface through which light enters. An antireflec-
tive film 43 is formed on the upper surface on the back
surface side of the semiconductor substrate 41.
[0039] The antireflective film 43 has a stack structure
in which a fixed charge film and an oxide film are stacked,
for example, and a high-dielectric-constant (high-k) insu-
lating thin film formed by atomic layer deposition (ALD),
for example, may be used as the antireflective film 43.
Specifically, hafnium oxide (HfO2), aluminum oxide
(Al2O3), titanium oxide (TiO2), strontium titan oxide
(STO), or the like may be used. In the example illustrated
in Fig. 2, the antireflective film 43 is formed with a hafnium
oxide film 53, an aluminum oxide film 54, and a silicon

oxide film 55 that are stacked.
[0040] Interpixel light blocking films 45 that prevent in-
cident light from entering adjacent pixels are formed on
the upper surface of the antireflective film 43 and at the
boundary portions 44 (hereinafter also referred to as the
pixel boundary portions 44) between the pixels 10 adja-
cent to one another in the semiconductor substrate 41.
The material of the interpixel light blocking films 45 may
be any material that blocks light, and it is possible to use
a metal material such as tungsten (W), aluminum (Al), or
copper (Cu), for example.
[0041] On the upper surface of the antireflective film
43 and the upper surfaces of the interpixel light blocking
films 45, a planarization film 46 is formed with an insu-
lating film of silicon oxide (SiO2), silicon nitride (SiN), sil-
icon oxynitride (SiON), or the like, or an organic material
such as resin, for example.
[0042] Further, on-chip lenses 47 are formed on the
upper surfaces of the planarization film 46 for the respec-
tive pixels. For example, the on-chip lenses 47 are formed
with a resin material such as styrene resin, acrylic resin,
styrene-acrylic copolymer resin, or siloxane resin. The
light gathered by the on-chip lenses 47 is efficiently made
to enter the photodiode PD.
[0043] Further, at the pixel boundary portions 44 on
the back surface side of the semiconductor substrate 41,
interpixel separation portions 61 that separate adjacent
pixels from one another are formed in the depth direction
of the semiconductor substrate 41, to reach a predeter-
mined depth in the substrate depth direction from the
back surface side of the semiconductor substrate 41 (on
the side of the on-chip lenses 47). The outer peripheral
portions including the bottom and side walls of the inter-
pixel separation portions 61 are covered with the hafnium
oxide film 53, which is part of the antireflective film 43.
The interpixel separation portions 61 prevent incident
light from reaching the adjacent pixels 10, and confine
the incident light in the respective pixels. The interpixel
separation portions 61 also prevent leakage of incident
light from the adjacent pixels 10.
[0044] In the example illustrated in Fig. 2, the silicon
oxide film 55, which is the material of the uppermost layer
of the antireflective film 43, is buried in trenches (grooves)
dug from the back surface side, so that the silicon oxide
film 55 and the interpixel separation portions 61 are si-
multaneously formed. Accordingly, the silicon oxide film
55, which is part of the stack film serving as the antire-
flective film 43, is formed with the same material as the
interpixel separation portions 61, but is not necessarily
formed with the same material. The material to be buried
as the interpixel separation portions 61 in the trenches
(grooves) dug from the back surface side may be a metal
material such as tungsten (W), aluminum (Al), titanium
(Ti), or titanium nitride (TiN), for example.
[0045] Meanwhile, on the front surface side of the sem-
iconductor substrate 41 on which the multilayer wiring
layer 42 is formed, two transfer transistors TRG1 and
TRG2 are formed for the one photodiode PD formed in
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each pixel 10. Further, on the front surface side of the
semiconductor substrate 41, floating diffusion regions
FD1 and FD2 as charge storage portions that temporarily
hold the charges transferred from the photodiodes PD
are formed with high-concentration N-type semiconduc-
tor regions (N-type diffusion regions).
[0046] The multilayer wiring layer 42 includes a plural-
ity of metal films M and an interlayer insulating film 62
between the metal films M. Fig. 2 shows an example in
which the metal films M include three layers: a first metal
film M1 through a third metal film M3.
[0047] Of the plurality of metal films M in the multilayer
wiring layer 42, a region of the first metal film M1 closest
to the semiconductor substrate 41 and located below the
formation region of each photodiode PD, or the region
overlapping at least part of the formation region of each
photodiode PD in plan view, has a metal wiring line of
copper, aluminum, or the like formed as a light blocking
member 63.
[0048] The light blocking member 63 blocks infrared
light that has entered the semiconductor substrate 41
from the light incident surface via the on-chip lens 47,
and passed through the semiconductor substrate 41
without being photoelectrically converted in the semicon-
ductor substrate 41, with the first metal film M1 closest
to the semiconductor substrate 41, so that the infrared
light does not reach the second metal film M2 and the
third metal film M3 located below the first metal film M1.
By virtue of this light blocking function, the infrared light
that has not been photoelectrically converted in the sem-
iconductor substrate 41 and has passed through the
semiconductor substrate 41 is prevented from being
scattered by the metal films M below the first metal film
M1 and entering the neighboring pixels. Thus, it is pos-
sible to prevent erroneous light detection at the neigh-
boring pixels.
[0049] Further, the light blocking members 63 also has
a function to reflect infrared light that has entered the
semiconductor substrate 41 from the light incident sur-
face via the on-chip lenses 47 and passed through the
semiconductor substrate 41 without being photoelectri-
cally converted in the semiconductor substrate 41, so
that the infrared light reenters the semiconductor sub-
strate 41. In view of this, the light blocking members 63
may also be regarded as reflective members. With this
reflective function, the amount of infrared light to be pho-
toelectrically converted in the semiconductor substrate
41 can be increased, and the quantum efficiency (QE),
which is the sensitivity of the pixels 10 to infrared light,
can be improved.
[0050] Note that the light blocking members 63 may
also form a structure that reflects or blocks light with poly-
silicon, an oxide film, or the like, other than a metal ma-
terial.
[0051] Further, each light blocking member 63 may not
be formed with a single metal film M, but may be formed
with a plurality of metal films M, such as a grid-like struc-
ture formed with the first metal film M1 and the second

metal film M2, for example.
[0052] Of the plurality of metal films M in the multilayer
wiring layer 42, a predetermined metal film M, such as
the second metal film M2, has wiring capacitors 64 that
are patterns formed in a comb-like shape, for example.
The light blocking members 63 and the wiring capacitors
64 may be formed in the same layer (metal film M). In a
case where the light blocking members 63 and the wiring
capacitors 64 are formed in different layers, however, the
wiring capacitors 64 formed in a layer farther from the
semiconductor substrate 41 than the light blocking mem-
bers 63. In other words, the light blocking members 63
are formed closer to the semiconductor substrate 41 than
the wiring capacitors 64. As described above, the light
receiving element 1 has a back-illuminated structure in
which the semiconductor substrate 41 that is a semicon-
ductor layer is disposed between the on-chip lenses 47
and the multilayer wiring layer 42, and incident light is
made to enter the photodiodes PD from the back surface
side on which the on-chip lenses 47 are formed.
[0053] Further, the pixels 10 each include two transfer
transistors TRG1 and TRG2 for the photodiode PD pro-
vided in each pixel, and are designed to be capable of
distributing charges (electrons) generated through pho-
toelectric conversion performed by the photodiode PD to
the floating diffusion region FD1 or FD2.
[0054] Furthermore, the pixels 10 in the first example
configuration have the interpixel separation portions 61
formed at the pixel boundary portions 44, to prevent in-
cident light from reaching the adjacent pixels 10, and
prevent leakage of incident light from the adjacent pixels
10 while confining the incident light in the respective pix-
els. The light blocking members 63 are then formed in a
metal film M below the formation regions of the photodi-
odes PD, so that infrared light that has passed through
the semiconductor substrate 41 without being photoelec-
trically converted in the semiconductor substrate 41 is
reflected by the light blocking members 63 and is made
to reenter the semiconductor substrate 41.
[0055] With the above configuration, the amount of in-
frared light to be photoelectrically converted in the sem-
iconductor substrate 41 can be increased, and the quan-
tum efficiency (QE), which is the sensitivity of the pixels
10 to infrared light, can be improved.

<3. Example Circuit Configuration of a Pixel>

[0056] Fig. 3 shows the circuit configuration of each of
the pixels 10 two-dimensionally arranged in the pixel ar-
ray unit 21.
[0057] A pixel 10 includes a photodiode PD as a pho-
toelectric conversion element. The pixel 10 also includes
two sets of a transfer transistor TRG, a floating diffusion
region FD, an additional capacitor FDL, a switch transis-
tor FDG, an amplification transistor AMP, a reset tran-
sistor RST, and a selection transistor SEL. The pixel 10
further includes a charge ejection transistor OFG.
[0058] Here, in a case where the two sets of a transfer
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transistor TRG, a floating diffusion region FD, an addi-
tional capacitor FDL, a switch transistor FDG, an ampli-
fication transistor AMP, a reset transistor RST, and a
selection transistor SEL are distinguished from each oth-
er in the pixel 10, the transistors are referred to as transfer
transistors TRG1 and TRG2, floating diffusion regions
FD1 and FD2, additional capacitors FDL1 and FDL2,
switch transistors FDG1 and FDG2, amplification tran-
sistors AMP1 and AMP2, reset transistors RST1 and
RST2, and selection transistors SEL1 and SEL2, as
shown in Fig. 3. The transfer transistors TRG, the switch
transistors FDG, the amplification transistors AMP, the
selection transistors SEL, the reset transistors RST, and
the charge ejection transistor OFG include N-type MOS
transistors, for example.
[0059] When a transfer drive signal TRG1g supplied
to the gate electrode of the transfer transistor TRG1 en-
ters an active state, the transfer transistor TRG1 enters
a conductive state, to transfer the charges accumulated
in the photodiode PD to the floating diffusion region FD1.
When a transfer drive signal TRG2g supplied to the gate
electrode of the transfer transistor TRG2 enters an active
state, the transfer transistor TRG2 enters a conductive
state, to transfer the charges accumulated in the photo-
diode PD to the floating diffusion region FD2. The floating
diffusion regions FD1 and FD2 are charge storage por-
tions that temporarily hold the charge transferred from
the photodiode PD. When an FD drive signal FDG1g sup-
plied to the gate electrode of the switch transistor FDG1
enters an active state, the switch transistor FDG1 enters
a conductive state, to connect the additional capacitor
FDL1 to the floating diffusion region FD1. When an FD
drive signal FDG2g supplied to the gate electrode of the
switch transistor FDG2 enters an active state, the switch
transistor FDG2 enters a conductive state, to connect
the additional capacitor FDL2 to the floating diffusion re-
gion FD2. The additional capacitors FDL1 and FDL2 are
formed with the wiring capacitor 64 shown in Fig. 2.
[0060] When a reset drive signal RSTg supplied to the
gate electrode of the reset transistor RST1 enters an ac-
tive state, the reset transistor RST1 enters a conductive
state, to reset the potential of the floating diffusion region
FD1. When a reset drive signal RSTg supplied to the
gate electrode of the reset transistor RST2 enters an ac-
tive state, the reset transistor RST2 enters a conductive
state, to reset the potential of the floating diffusion region
FD2. Note that, when the reset transistors RST1 and
RST2 are made to enter an active state, the switch tran-
sistors FDG1 and FDG2 are also made to enter an active
state at the same time, and further, the additional capac-
itors FDL1 and FDL2 are reset.
[0061] For example, at a high-illuminance time at which
the amount of incident light is large, the vertical drive unit
22 causes the switch transistors FDG1 and FDG2 to enter
an active state, to connect the floating diffusion region
FD1 and the additional capacitor FDL1, and connect the
floating diffusion region FD2 and the additional capacitor
FDL2. Thus, more charges can be accumulated at a high-

illuminance time. At a low-illuminance time at which the
amount of incident light is small, on the other hand, the
vertical drive unit 22 causes the switch transistors FDG1
and FDG2 to enter an inactive state, to disconnect the
additional capacitors FDL1 and FDL2 from the floating
diffusion regions FD1 and FD2, respectively. Thus, con-
version efficiency can be increased.
[0062] When an ejection drive signal OFG1g supplied
to the gate electrode of the charge ejection transistor
OFG enters an active state, the charge ejection transistor
OFG enters a conductive state, to eject the charges ac-
cumulated in the photodiode PD.
[0063] When the source electrode of the amplification
transistor AMP1 is connected to a vertical signal line 29A
via the selection transistor SEL1, the amplification tran-
sistor AMP1 is connected to a constant current source
(not shown), to form a source follower circuit. When the
source electrode of the amplification transistor AMP2 is
connected to a vertical signal line 29B via the selection
transistor SEL2, the amplification transistor AMP2 is con-
nected to a constant current source (not shown), to form
a source follower circuit.
[0064] The selection transistor SEL1 is connected be-
tween the source electrode of the amplification transistor
AMP1 and the vertical signal line 29A. When a selection
signal SELlg supplied to the gate electrode of the selec-
tion transistor SEL1 enters an active state, the selection
transistor SEL1 enters a conductive state, to output a
detection signal VSL1 output from the amplification tran-
sistor AMP1 to the vertical signal line 29A.
[0065] The selection transistor SEL2 is connected be-
tween the source electrode of the amplification transistor
AMP2 and the vertical signal line 29B. When a selection
signal SEL2g supplied to the gate electrode of the selec-
tion transistor SEL2 enters an active state, the selection
transistor SEL2 enters a conductive state, to output a
detection signal VSL2 output from the amplification tran-
sistor AMP2 to the vertical signal line 29B.
[0066] The transfer transistors TRG1 and TRG2, the
switch transistors FDG1 and FDG2, the amplification
transistors AMP1 and AMP2, the selection transistors
SEL1 and SEL2, and the charge ejection transistor OFG
of the pixel 10 are controlled by the vertical drive unit 22.
[0067] In the pixel circuit shown in Fig. 2, the additional
capacitors FDL1 and FDL2, and the switch transistors
FDG1 and FDG2 that control connection of the additional
capacitors FDL1 and FDL2 may be omitted. However,
as the additional capacitors FDL are provided and are
appropriately used depending on the amount of incident
light, a high dynamic range can be secured.
[0068] Operation of the pixel 10 is now briefly de-
scribed.
[0069] First, before light reception is started, a reset
operation for resetting the charges in the pixel 10 is per-
formed in all the pixels. Specifically, the charge ejection
transistor OFG, the reset transistors RST1 and RST2,
and the switch transistors FDG1 and FDG2 are turned
on, and the stored charges in the photodiode PD, the

13 14 



EP 3 968 381 A2

9

5

10

15

20

25

30

35

40

45

50

55

floating diffusion regions FD1 and FD2, and the additional
capacitors FDL1 and FDL2 are ejected.
[0070] After the stored charges are ejected, light re-
ception is started in all the pixels.
[0071] During the light reception period, the transfer
transistors TRG1 and TRG2 are alternately driven. Spe-
cifically, during a first period, control is performed, to turn
on the transfer transistor TRG1, and turn off the transfer
transistor TRG2. During the first period, the charges gen-
erated in the photodiode PD are transferred to the floating
diffusion region FD1. During a second period following
the first period, control is performed, to turn off the trans-
fer transistor TRG1, and turn on the transfer transistor
TRG2. During the second period, the charges generated
in the photodiode PD are transferred to the floating dif-
fusion region FD2. As a result, the charges generated in
the photodiode PD are distributed to the floating diffusion
regions FD1 and FD2, and are accumulated therein.
[0072] Here, the transfer transistor TRG and the float-
ing diffusion region FD from which charges (electrons)
obtained through photoelectric conversion are read out
are also referred to as the active tap. Conversely, the
transfer transistor TRG and the floating diffusion region
FD from which no charges obtained through photoelectric
conversion are read out are also referred to as the inac-
tive tap.
[0073] When the light reception period comes to an
end, the respective pixels 10 in the pixel array unit 21 are
then selected in the order of the lines. In the selected
pixel 10, the selection transistors SEL1 and SEL2 are
turned on. As a result, the charges accumulated in the
floating diffusion region FD1 are output as the detection
signal VSL1 to the column processing unit 23 via the
vertical signal line 29A. The charges accumulated in the
floating diffusion region FD2 are output as the detection
signal VSL2 to the column processing unit 23 via the
vertical signal line 29B.
[0074] One light receiving operation is completed in
the above manner, and the next light receiving operation
starting from a reset operation is then performed.
[0075] The reflected light to be received by the pixel
10 is delayed from the time when the light source emitted
light, in accordance with the distance to the object. Since
the distribution ratio between the charges accumulated
in the two floating diffusion regions FD1 and FD2 varies
depending on the delay time corresponding to the dis-
tance to the object, the distance to the object can be
calculated from the distribution ratio between the charges
accumulated in the two floating diffusion regions FD1 and
FD2.

<4. Plan View of a Pixel>

[0076] Fig. 4 is a plan view showing an example of
arrangement in the pixel circuit shown in Fig. 3.
[0077] The lateral direction in Fig. 4 corresponds to the
row direction (horizontal direction) in Fig. 1, and the lon-
gitudinal direction corresponds to the column direction

(vertical direction) in Fig. 1.
[0078] As shown in Fig. 4, the photodiode PD is formed
with an N-type semiconductor region 52 in the central
region of the rectangular pixel 10.
[0079] Outside the photodiode PD, the transfer tran-
sistor TRG1, the switch transistor FDG1, the reset tran-
sistor RST1, the amplification transistor AMP1, and the
selection transistor SEL1 are linearly arranged along a
predetermined side of the four sides of the rectangular
pixel 10, and the transfer transistor TRG2, the switch
transistor FDG2, the reset transistor RST2, the amplifi-
cation transistor AMP2, and the selection transistor SEL2
are linearly arranged along another side of the four sides
of the rectangular pixel 10.
[0080] Further, the charge ejection transistor OFG is
disposed along a side different from the two sides of the
pixel 10 along which the transfer transistors TRG, the
switch transistors FDG, the reset transistors RST, the
amplification transistors AMP, and the selection transis-
tors SEL are formed.
[0081] Note that the arrangement in the pixel circuit
shown in Fig. 3 is not limited to this example, and may
be some other arrangement.

<5. Another Example Circuit Configuration of a Pixel>

[0082] Fig. 5 shows another example circuit configu-
ration of each pixel 10.
[0083] In Fig. 5, the components equivalent to those
shown in Fig. 3 are denoted by the same reference nu-
merals as those used in Fig. 3, and explanation of the
components will not be repeated below.
[0084] A pixel 10 includes a photodiode PD as a pho-
toelectric conversion element. The pixel 10 also includes
two sets of a first transfer transistor TRGa, a second
transfer transistor TRGb, a memory MEM, a floating dif-
fusion region FD, a reset transistor RST, an amplification
transistor AMP, and a selection transistor SEL.
[0085] Here, in a case where the two sets of a first
transfer transistor TRGa, a second transfer transistor
TRGb, a memory MEM, a floating diffusion region FD, a
reset transistor RST, an amplification transistor AMP,
and a selection transistor SEL are distinguished from
each other in the pixel 10, the transistors are referred to
as first transfer transistors TRGa1 and TRGa2, second
transfer transistors TRGb1 and TRGb2, transfer transis-
tors TRG1 and TRG2, memories MEM1 and MEM2, float-
ing diffusion regions FD1 and FD2, amplification transis-
tors AMP1 and AMP2, and selection transistors SEL1
and SEL2, as shown in Fig. 5. Accordingly, the pixel cir-
cuit in Fig. 5 differs from the pixel circuit in Fig. 3 in that
the transfer transistors TRG are replaced with the two
kinds transfer transistors, which are the first transfer tran-
sistors TRGa and the second transfer transistors TRGb,
and the memories MEM are added. Further, the addition-
al capacitors FDL and the switch transistors FDG are
omitted.
[0086] The first transfer transistors TRGa, the second
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transfer transistors TRGb, the reset transistors RST, the
amplification transistors AMP, and the selection transis-
tors SEL include N-type MOS transistors, for example.
[0087] In the pixel circuit shown in Fig. 3, charges gen-
erated in the photodiode PD are transferred to and held
in the floating diffusion regions FD1 and FD2. In the pixel
circuit in Fig. 5, on the other hand, charges generated in
the photodiode PD are transferred to and held in the
memories MEM1 and MEM2 provided as charge storage
portions. Specifically, when a first transfer drive signal
TRGalg supplied to the gate electrode of the first transfer
transistor TRGa1 enters an active state, the first transfer
transistor TRGa1 enters a conductive state, to transfer
the charges accumulated in the photodiode PD to the
memory MEM1. When a first transfer drive signal
TRGa2g supplied to the gate electrode of the first transfer
transistor TRGa2 enters an active state, the first transfer
transistor TRGa2 enters a conductive state, to transfer
the charges accumulated in the photodiode PD to the
memory MEM2.
[0088] Further, when a second transfer drive signal
TRGb1g supplied to the gate electrode of the second
transfer transistor TRGb1 enters an active state, the sec-
ond transfer transistor TRGb1 enters a conductive state,
to transfer the charges accumulated in the memory
MEM1 to the floating diffusion region FD1. When a sec-
ond transfer drive signal TRGb2g supplied to the gate
electrode of the second transfer transistor TRGb2 enters
an active state, the second transfer transistor TRGb2 en-
ters a conductive state, to transfer the charges accumu-
lated in the memory MEM2 to the floating diffusion region
FD2. When a reset drive signal RST1g supplied to the
gate electrode of the reset transistor RST1 enters an ac-
tive state, the reset transistor RST1 enters a conductive
state, to reset the potential of the floating diffusion region
FD1. When a reset drive signal RST2g supplied to the
gate electrode of the reset transistor RST2 enters an ac-
tive state, the reset transistor RST2 enters a conductive
state, to reset the potential of the floating diffusion region
FD2. Note that, when the reset transistors RST1 and
RST2 are made to enter an active state, the second trans-
fer transistors TRGb1 and TRGb2 are also made to enter
an active state at the same time, and further, the mem-
ories MEM1 and MEM2 are reset.
[0089] In the pixel circuit in Fig. 5, the charges gener-
ated in the photodiode PD are distributed to the memories
MEM1 and MEM2, and are accumulated therein. At the
timing of readout, the charges stored in the memories
MEM1 and MEM2 are then transferred to the floating
diffusion regions FD1 and FD2, respectively, and are out-
put from the pixel 10.

<6. Plan View of a Pixel>

[0090] Fig. 6 is a plan view showing an example of
arrangement in the pixel circuit shown in Fig. 5.
[0091] The lateral direction in Fig. 6 corresponds to the
row direction (horizontal direction) in Fig. 1, and the lon-

gitudinal direction corresponds to the column direction
(vertical direction) in Fig. 1.
[0092] As shown in Fig. 6, the photodiode PD is formed
with an N-type semiconductor region 52 in the central
region of the rectangular pixel 10.
[0093] Outside the photodiode PD, the first transfer
transistor TRGa1, the second transfer transistor TRGb1,
the reset transistor RST1, the amplification transistor
AMP1, and the selection transistor SEL1 are linearly ar-
ranged along a predetermined side of the four sides of
the rectangular pixel 10, and the first transfer transistor
TRGa2, the second transfer transistor TRGb2, the reset
transistor RST2, the amplification transistor AMP2, and
the selection transistor SEL2 are linearly arranged along
another side of the four sides of the rectangular pixel 10.
The memories MEM1 and MEM2 are formed with buried
N-type diffusion regions, for example.
[0094] Note that the arrangement in the pixel circuit
shown in Fig. 5 is not limited to this example, and may
be some other arrangement.

<7. Effects of a Back-Illuminated Type>

[0095] With the light receiving element 1 described
above, the following effects can be achieved.
[0096] First, since the light receiving element 1 is of a
back-illuminated type, quantum efficiency (QE) 3 aper-
ture ratio (fill factor (FF)) can be maximized, and the rang-
ing characteristics of the light receiving element 1 can be
improved.
[0097] For example, as indicated by an arrow W11 in
Fig. 7, a normal surface-illuminated image sensor has a
structure in which wiring lines 102 and wiring lines 103
are formed on the light incident surface side through
which light from outside enters a PD 101 that is a photo-
electric conversion portion.
[0098] Therefore, part of light that obliquely enters the
PD 101 from outside at a certain angle as shown by an
arrow A21 and an arrow A22, for example, might be
blocked by the wiring lines 102 or the wiring lines 103,
and does not enter the PD 101.
[0099] On the other hand, a back-illuminated image
sensor has a structure in which wiring lines 105 and wiring
lines 106 are formed on the surface on the opposite side
from the light incident surface through which light from
outside enters a PD 104 that is a photoelectric conversion
portion, as indicated by an arrow W12, for example.
[0100] Accordingly, it is possible to secure a sufficient
aperture ratio, compared with that in a case with a sur-
face-illuminated type. Specifically, as indicated by an ar-
row A23 and an arrow A24, for example, light obliquely
incident on the PD 104 at a certain angle enters the PD
104 from outside without being blocked by any wiring
line. Thus, a larger amount of light can be received, and
pixel sensitivity can be improved.
[0101] The pixel sensitivity improving effect achieved
with such a back-illuminated type can also be achieved
with the light receiving element 1, which is a back-illumi-
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nated ToF sensor.
[0102] Specifically, in the structure of a surface-illumi-
nated ToF sensor, wiring lines 112 and wiring lines 113
are formed on the light incident surface side of a PD 111
that is a photoelectric conversion portion, as indicated
by an arrow W13. Therefore, part of light that obliquely
enters the PD 111 from outside at a certain angle as
shown by an arrow A25 and an arrow A26, for example,
might be blocked by the wiring lines 112 or the wiring
lines 113 or the like, and does not enter the PD 111.
[0103] On the other hand, a back-illuminated ToF sen-
sor has a structure in which transfer transistors for read-
ing out charges are formed on the surface on the opposite
side from the light incident surface of a PD 115 that is a
photoelectric conversion portion, as indicated by an ar-
row W14, for example. Further, wiring lines 117 and wir-
ing lines 118 are formed on the surface on the opposite
side from the light incident surface of the PD 115. With
this arrangement, as indicated by an arrow A28 and an
arrow A29, for example, light obliquely incident on the
PD 115 at a certain angle enters the PD 115 without being
blocked by any wiring line.
[0104] Accordingly, in the back-illuminated ToF sen-
sor, a sufficient aperture ratio can be secured compared
with that in a case with a surface-illuminated ToF sensor.
Thus, quantum efficiency (QE) 3 aperture ratio (FF) can
be maximized, and the ranging characteristics can be
improved. Fig. 8 shows cross-sectional views of pixels
of a surface-illuminated ToF sensor and a back-illumi-
nated ToF sensor.
[0105] In the surface-illuminated ToF sensor on the left
side in Fig. 8, the upper side of a substrate 141 in the
drawing is the light incident surface, and a wiring layer
152 including a plurality of wiring lines, an interpixel light
blocking film 153, and an on-chip lens 154 are stacked
on the light incident surface side of the substrate 141.
[0106] In the back-illuminated ToF sensor on the right
side in Fig. 8, a wiring layer 152 including a plurality of
wiring lines is formed on the lower side of a substrate
142 on the opposite side from the light incident surface
in the drawing, and an interpixel light blocking film 153
and an on-chip lens 154 are stacked on the upper side
of the substrate 142, which is the light incident surface
side.
[0107] Note that, in Fig. 8, each shaded trapezoidal
shape indicates a region in which the light intensity is
high because infrared light is gathered by the on-chip
lens 154.
[0108] For example, in the surface-illuminated ToF
sensor, there is a region R11 in which charge readout
transfer transistors TG1 and TG2 exist on the light inci-
dent surface side of the substrate 141. In the surface-
illuminated ToF sensor, the intensity of infrared light is
high in the region R11 near the light incident surface of
the substrate 141, and accordingly, the probability of pho-
toelectric conversion of infrared light in the region R11 is
high. That is, since the amount of infrared light entering
the area near the inactive tap is large, the number of

signal carriers that are not detected by the active tap
increases, and charge separation efficiency decreases.
[0109] In the back-illuminated ToF sensor, on the other
hand, there is a region R12 in which the active tap and
the inactive tap are formed at positions far from the light
incident surface of the substrate 142, or at positions near
the surface on the opposite side from the light incident
surface side. The substrate 142 corresponds to the sem-
iconductor substrate 41 shown in Fig. 2.
[0110] The region R12 is located at a portion of the
surface on the opposite side from the light incident sur-
face side of the substrate 142, and the region R12 is also
located at a position far from the light incident surface.
Accordingly, in the vicinity of the region R12, the intensity
of incident infrared light is relatively low.
[0111] Signal carriers obtained through photoelectric
conversion in a region in which the intensity of infrared
light is high, such as a region near the center of the sub-
strate 142 or near the light incident surface, are guided
to the active tap by the electric field gradient formed by
the active tap and the inactive tap, and are detected in
the floating diffusion region FD of the active tap.
[0112] In the vicinity of the region R12 including the
inactive tap, on the other hand, the intensity of incident
infrared light is relatively low, and accordingly, the prob-
ability of photoelectric conversion of infrared light in the
region R12 is low. That is, the amount of infrared light
entering an area in the vicinity of the inactive tap is small.
Accordingly, the number of signal carriers (electrons) that
are generated through photoelectric conversion in the
vicinity of the inactive tap and move to the floating diffu-
sion region FD of the inactive tap becomes smaller, and
thus, the charge separation efficiency can be improved.
As a result, the ranging characteristics can be improved.
[0113] Further, in the back-illuminated light receiving
element 1, the thickness of the semiconductor substrate
41 can be reduced, and thus, it is possible to increase
the efficiency in extracting electrons (charges) that are
signal carriers.
[0114] For example, in a surface-illuminated ToF sen-
sor, it is difficult to secure a sufficient aperture ratio.
Therefore, to secure a higher quantum efficiency and pre-
vent a decrease in quantum efficiency 3 aperture ratio,
there is a need to increase the thickness of a substrate
171 to a certain value, as indicated by an arrow W31 in
Fig. 9.
[0115] As a result, the potential gradient becomes low-
er in the region near the surface on the opposite side
from the light incident surface in the substrate 171, or in
a region R21, for example, and the electric field in a di-
rection perpendicular to the substrate 171 substantially
becomes weaker. In this case, the moving velocity of the
signal carriers becomes lower, and therefore, the time
elapsing from the photoelectric conversion to the transfer
of the signal carriers to the floating diffusion region FD
of the active tap becomes longer. Note that, in Fig. 9, the
arrows in the substrate 171 indicate the electric field in
the direction perpendicular to the substrate 171 in the
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substrate 171.
[0116] Further, when the substrate 171 is thick, the
moving distance of the signal carriers from a position far
from the active tap in the substrate 171 to the floating
diffusion region FD of the active tap is long. Accordingly,
at the position far from the active tap, the time elapsing
from the photoelectric conversion to the transfer of the
signal carriers to the floating diffusion region FD of the
active tap becomes even longer. Therefore, after switch-
ing of the transfer transistors TG is completed, some sig-
nal carriers might reach the active tap, and turn into an
erroneous signal.
[0117] Fig. 10 shows the relationship between the po-
sition in the thickness direction of the substrate 171 and
the moving velocity of the signal carriers. The region R21
corresponds to a diffusion current region.
[0118] In a case where the substrate 171 is thick as
described above, when the drive frequency is high, or
when switching between the active tap and the inactive
tap is performed at high speed, for example, electrons
generated at a position far from the active tap, such as
the region R21, are not completely drawn into the floating
diffusion region FD of the active tap. In other words, in a
case where the time during which the tap is active is
short, some electrons (charges) generated in the region
R21 or the like are not detected in the floating diffusion
region FD of the active tap, and the electron extraction
efficiency becomes lower.
[0119] In the back-illuminated ToF sensor, on the other
hand, a sufficient aperture ratio can be secured. Thus,
even when a substrate 172 is made thinner as indicated
by an arrow W32 in Fig. 9, for example, sufficient quan-
tum efficiency 3 aperture ratio can be secured. Here, the
substrate 172 corresponds to the semiconductor sub-
strate 41 in Fig. 2, and the arrows in the substrate 172
indicate the electric field in a direction perpendicular to
the substrate 172.
[0120] Fig. 11 shows the relationship between the po-
sition in the thickness direction of the substrate 172 and
the moving velocity of the signal carriers.
[0121] When the thickness of the substrate 172 is re-
duced in this manner, the electric field in a direction per-
pendicular to the substrate 172 becomes substantially
stronger, and only the electrons (charges) in a drift cur-
rent region in which the moving velocity of the signal car-
riers is high are used while the electrons in the diffusion
current region in which the moving velocity of the signal
carriers is low are not used. As only the electrons (charg-
es) in the drift current region are used, the time elapsing
from the photoelectric conversion to detection of the sig-
nal carriers in the floating diffusion region FD of the active
tap becomes shorter. Further, as the thickness of the
substrate 172 becomes smaller, the moving distance of
the signal carriers to the floating diffusion region FD of
the active tap also becomes shorter.
[0122] In view of the above facts, in the back-illuminat-
ed ToF sensor, even when the drive frequency is high,
the signal carriers (electrons) generated in the respective

regions in the substrate 172 can be sufficiently drawn
into the floating diffusion region FD of the active tap, and
thus, the electron extraction efficiency can be increased.
Further, as the thickness of the substrate 172 is reduced,
sufficient electron extraction efficiency can be secured
even at a high drive frequency, and resistance to high-
speed drive can be increased. Particularly, in the back-
illuminated ToF sensor, a sufficient aperture ratio can be
obtained. Thus, the pixels can be miniaturized accord-
ingly, and the miniaturization resistance of the pixels can
be increased.
[0123] Furthermore, as the light receiving element 1 is
of a back-illuminated type, freedom is allowed in the back
end of line (BEOL) design, and thus, it is possible to in-
crease the degree of freedom in setting a saturation sig-
nal amount (Qs).

<8. Cross-Sectional View of a Second Example Config-
uration of Pixels>

[0124] Fig. 12 is a cross-sectional view showing a sec-
ond example configuration of the pixels 10.
[0125] In Fig. 12, the components equivalent to those
of the first example configuration shown in Fig. 2 are de-
noted by the same reference numerals as those used in
Fig. 2, and explanation of the components will not be
unnecessarily repeated.
[0126] The second example configuration in Fig. 12 is
the same as the first example configuration in Fig. 2, ex-
cept that the interpixel separation portions 61 that are
deep trench isolation (DTI) formed by digging from the
back surface side (the side of the on-chip lenses 47) of
the semiconductor substrate 41 are replaced with inter-
pixel separation portions 211 penetrating the semicon-
ductor substrate 41.
[0127] The interpixel separation portions 211 are
formed in the following manner: trenches are formed from
the back surface side (the side of the on-chip lenses 47)
or from the front surface side of the semiconductor sub-
strate 41 until reaching the substrate surface on the op-
posite side, and the trenches are filled with the silicon
oxide film 55, which is the material of the uppermost layer
of the antireflective film 43. The material to be buried as
the interpixel separation portions 211 in the trenches may
be a metal material such as tungsten (W), aluminum (Al),
titanium (Ti), or titanium nitride (TiN), for example, other
than an insulating film such as the silicon oxide film 55.
[0128] As such interpixel separation portions 211 are
formed, it is possible to completely separate adjacent
pixels electrically from each other. As a result, the inter-
pixel separation portions 211 prevent incident light from
reaching the neighboring pixels 10, and confine the inci-
dent light in the respective pixels. The interpixel separa-
tion portions 211 also prevent leakage of incident light
from the adjacent pixels 10.
[0129] As the second example configuration is also a
pixel structure of a back-illuminated type, a sufficient ap-
erture ratio can be secured compared with that in a case
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with a surface-illuminated structure. Thus, quantum effi-
ciency (QE) 3 aperture ratio (FF) can be maximized.
Further, of the plurality of metal films M in the multilayer
wiring layer 42, the first metal film M1 closest to the sem-
iconductor substrate 41 has the light blocking members
(the reflective members) 63 in regions located below the
formation regions of the photodiodes PD, so that infrared
light that has not been photoelectrically converted in the
semiconductor substrate 41 and has passed through the
semiconductor substrate 41 is reflected by the light block-
ing members 63 and is made to reenter the semiconduc-
tor substrate 41. With this arrangement, the amount of
infrared light to be photoelectrically converted in the sem-
iconductor substrate 41 can be further increased, and
the quantum efficiency (QE), which is the sensitivity of
the pixels 10 to infrared light, can be improved. Further,
the infrared light that has not been photoelectrically con-
verted in the semiconductor substrate 41 and has passed
through the semiconductor substrate 41 is prevented
from being scattered by the metal films M and entering
the neighboring pixels. Thus, it is possible to prevent er-
roneous light detection at the neighboring pixels.

<9. Cross-Sectional View of a Third Example Configura-
tion of Pixels>

[0130] Fig. 13 is a cross-sectional view showing a third
example configuration of the pixels 10.
[0131] In Fig. 13, the components equivalent to those
of the first example configuration shown in Fig. 2 are de-
noted by the same reference numerals as those used in
Fig. 2, and explanation of the components will not be
unnecessarily repeated.
[0132] In the third example configuration in Fig. 13, PD
upper regions 223 located above the formation regions
of the photodiodes PD in (the P-type semiconductor re-
gion 51 of) the semiconductor substrate 41 each have a
moth-eye structure in which minute concavities and con-
vexities are formed. Further, in conformity with the moth-
eye structures in the PD upper regions 223 in the semi-
conductor substrate 41, an antireflective film 221 formed
on the upper surfaces thereof also has a moth-eye struc-
ture. The antireflective film 221 is formed with a stack of
a hafnium oxide film 53, an aluminum oxide film 54, and
a silicon oxide film 55, as in the first example configura-
tion.
[0133] As the PD upper regions 223 of the semicon-
ductor substrate 41 are moth-eye structures as described
above, it is possible to alleviate the abrupt change in the
refractive index at the substrate interface, and reduce
the influence of reflected light.
[0134] Note that, in Fig. 13, the interpixel separation
portions 61 formed with DTI formed by digging from the
back surface side (the side of the on-chip lenses 47) of
the semiconductor substrate 41 are formed to reach
slightly deeper positions than the interpixel separation
portions 61 of the first example configuration in Fig. 2.
The depth in the substrate thickness direction in which

the interpixel separation portions 61 are formed may be
set at any depth as above.
[0135] In the other aspects, the third example config-
uration is similar to the first example configuration.

<10. Cross-Sectional View of a Fourth Example Config-
uration of Pixels>

[0136] Fig. 14 is a cross-sectional view showing a
fourth example configuration of the pixels 10.
[0137] In Fig. 14, the components equivalent to those
of the first through third example configurations de-
scribed above are denoted by the same reference nu-
merals as those used above, and explanation of the com-
ponents will not be unnecessarily repeated.
[0138] The fourth example configuration in Fig. 14 is
the same as the third example configuration shown in
Fig. 13 in that the PD upper regions 223 each include a
substrate interface having a moth-eye structure and the
antireflective film 221.
[0139] The fourth example configuration in Fig. 14 is
also the same as the second example configuration
shown in Fig. 12 in including the interpixel separation
portions 211 penetrating the entire semiconductor sub-
strate 41.
[0140] In other words, the fourth example configuration
in Fig. 14 includes both the interpixel separation portions
211 of the second example configuration, and the sem-
iconductor substrate 41 and the antireflective film 221
having moth-eye structures of the third example config-
uration. In the other aspects, the fourth example config-
uration is similar to the second example configuration or
the third example configuration.
[0141] As the third and fourth example configurations
are also pixel structures of a back-illuminated type, a suf-
ficient aperture ratio can be secured compared with that
in a case with a surface-illuminated structure. Thus,
quantum efficiency (QE) 3 aperture ratio (FF) can be
maximized.
[0142] Further, the light blocking member (the reflec-
tive member) 63 is provided in a predetermined metal
film M in the multilayer wiring layer 42, the sensitivity of
the pixels 10 to infrared light can be increased, and er-
roneous light detection at neighboring pixels can be pre-
vented.

<11. Cross-Sectional View of a Fifth Example Configu-
ration of Pixels>

[0143] Fig. 15 is a cross-sectional view showing a fifth
example configuration of the pixels 10.
[0144] In Fig. 15, the components equivalent to those
of the first through fourth example configurations de-
scribed above are denoted by the same reference nu-
merals as those used above, and explanation of the com-
ponents will not be unnecessarily repeated.
[0145] In the first through fourth example configura-
tions described above, the interpixel separation portions
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61 or the interpixel separation portions 211 provided in
the pixel boundary portions 44 may be omitted. For ex-
ample, if the interpixel separation portions 61 of the third
example configuration described above or the interpixel
separation portions 211 of the fourth example configura-
tion described above are omitted, the structure shown in
Fig. 15 is obtained.
[0146] The fifth example configuration in Fig. 15 has
the configuration of the third example configuration minus
the interpixel separation portions 61 or the configuration
of the fourth example configuration minus the interpixel
separation portions 211. In the fifth example configura-
tion, the antireflective film 221 is formed as a flat film in
each of the pixel boundary portions 44. In the other as-
pects, the fifth example configuration is similar to the third
example configuration or the fourth example configura-
tion.

<Perspective Views of Moth-Eye Structures>

[0147] Fig. 16A is a perspective view of a moth-eye
structure formed in a PD upper region 223 of the semi-
conductor substrate 41.
[0148] In the moth-eye structure in the semiconductor
substrate 41, a plurality of quadrangular pyramidal re-
gions of substantially the same shape having its apex on
the side of the semiconductor substrate 41 and of sub-
stantially the same size is regularly arranged (in a grid-
like pattern), as shown in Fig. 16A, for example.
[0149] Note that, in Fig. 16A, the upper side of the sem-
iconductor substrate 41 is the light incident side, which
is the side of the on-chip lens 47.
[0150] The moth-eye structure is formed on the light
incident surface side of the semiconductor substrate 41,
and has an inverse pyramid structure in which a plurality
of quadrangular pyramidal regions having their apexes
on the side of the photodiode PD is regularly arranged.
The bottom surface of each quadrangular pyramid has
a square shape, and the semiconductor substrate 41 is
dug so that each quadrangular pyramidal region is con-
vex on the side of the photodiode PD. In Fig. 16A, a por-
tion indicated by an arrow W51 is the concave portion of
the apex portion of each quadrangular pyramidal region
on the side of the photodiode PD, for example. The con-
cave portion indicated by the arrow W51 has a curvature,
and has a roundish shape, for example.
[0151] Note that not only the respective concave por-
tions of the respective quadrangular pyramids in the
moth-eye structure but also the oblique portions of the
respective quadrangular pyramidal regions, which are
shaded portions in Fig. 16B, may also have a certain
curvature. As the oblique portions also have a curvature,
it is possible to further improve the effect to reduce for-
mation unevenness and peeling of the planarization film
46.
[0152] Figs. 17A and 17B are perspective views show-
ing another example of a moth-eye structure in the sem-
iconductor substrate 41.

[0153] In the example described above with reference
to Figs. 16A and 16B, the moth-eye structure is an inverse
pyramid structure formed with quadrangular pyramidal
regions having apexes on the side of the photodiode PD.
However, the moth-eye structure may be a forward pyr-
amid structure as shown in Figs. 17A and 17B, for ex-
ample. Specifically, as shown in Fig. 17A, the moth-eye
structure is formed on the surface of the semiconductor
substrate 41 on the light incident side. Further, the moth-
eye structure is a forward pyramid structure in which a
plurality of quadrangular pyramidal regions having apex-
es on the side of the on-chip lens 47, which is the light
incident side, is regularly arranged in a grid-like pattern.
[0154] In Fig. 17A, the plurality of quadrangular pyram-
idal regions also has substantially the same shape and
substantially the same size, and the bottom surface of
each quadrangular pyramid has a square shape. Fur-
thermore, the semiconductor substrate 41 is dug to form
the quadrangular pyramidal regions, so that the respec-
tive quadrangular pyramidal regions are convex on the
opposite side from the side of the photodiode PD.
[0155] For example, a portion indicated by an arrow
W71 is the concave portion of the base portion of each
quadrangular pyramidal region on the side of the photo-
diode PD. The concave portion indicated by the arrow
W71 has a portion that is convex on the side of the pho-
todiode PD when viewed in a cross-section substantially
parallel to the direction from the light incident side of the
semiconductor substrate 41 toward the photodiode PD.
The convex portion has a curvature, and has a roundish
shape, as in the example shown in Figs. 16A and 16B.
[0156] In Fig. 17B, the shaded portions formed with
the bases of the respective quadrangular pyramids hav-
ing apexes on the upper side may be formed to have a
curvature. In this case, it is possible to reduce formation
unevenness and peeling of the planarization film 46
formed on the semiconductor substrate 41, as in the ex-
ample shown in Figs. 16A and 16B.
[0157] Figs. 18A and 18B are perspective views show-
ing other examples of a moth-eye structure in the semi-
conductor substrate 41.
[0158] In the moth-eye structure, the bottom surfaces
of the minute concavities and convexities may have a
rectangular shape, as shown in Fig. 18A, for example.
[0159] The moth-eye structure shown in Fig. 18A is
formed on the light incident surface side of the semicon-
ductor substrate 41, and has long linear concave portions
in the longitudinal direction (vertical direction) or the lat-
eral direction (horizontal direction) of the pixel 10.
[0160] More specifically, the moth-eye structure shown
in Fig. 18A has a sawtooth shape when viewed in a cross-
section in the same direction as the cross-sectional views
in Figs. 13 through 15, and has a shape in which a plurality
of triangular prisms of substantially the same shape and
substantially the same size is arranged in one direction
while one vertex of each triangle and one rectangular
surface of each triangular prism face the photodiode PD.
[0161] In Fig. 18A, a portion indicated by an arrow W91
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is a concave portion, for example, and a portion indicated
by an arrow W92 is a convex portion, for example. The
shaded portion of each concave portion has a roundish
shape with a predetermined curvature. Accordingly, it is
also possible to reduce formation unevenness and peel-
ing of the planarization film 46 formed on the semicon-
ductor substrate 41 in this example.
[0162] Further, other than a structure in which quad-
rangular pyramidal shapes of substantially the same size
are regularly arranged, the moth-eye structure in the
semiconductor substrate 41 may be a structure in which
quadrangular pyramidal shapes of different sizes from
one another may be irregularly arranged as shown in Fig.
18B.
[0163] The example shown in Fig. 18B is a forward
pyramid structure in which quadrangular pyramidal re-
gions having apexes on the side of the on-chip lens 47
are irregularly arranged. Furthermore, the sizes of the
plurality of quadrangular pyramidal regions are not the
same size. In other words, the sizes and the arrangement
of the quadrangular pyramids are random.
[0164] For example, portions indicated by an arrow
W93 and an arrow W94 are concave portions, and the
concave portions have a curvature and have roundish
shapes. With this arrangement, it is possible to reduce
formation unevenness and peeling of the planarization
film 46 formed on the semiconductor substrate 41.
[0165] Fig. 18B shows a moth-eye structure having a
forward pyramid structure in which a plurality of quad-
rangular pyramidal regions having apexes on the side of
the on-chip lens 47 is randomly arranged. However, the
inverse pyramid structure shown in Figs. 16A and 16B
may of course be a structure in which the sizes and the
arrangement of the plurality of quadrangular pyramidal
regions are random.
[0166] The moth-eye structure of the semiconductor
substrate 41 formed in the PD upper regions 223 can be
formed to have the shape shown in any of Figs. 16A
through 18B, for example. With this, it is possible to al-
leviate the sudden change in the refractive index at the
substrate interface, and reduce the influence of reflected
light.
[0167] Note that, in the third through fifth example con-
figurations in which a moth-eye structure is adopted, in
a case where the antireflection effect of the moth-eye
structure is sufficient, the antireflective film 221 thereon
may be omitted.

<12. Cross-Sectional View of a Sixth Example Configu-
ration of Pixels>

[0168] Fig. 19 is a cross-sectional view showing a sixth
example configuration of the pixels 10.
[0169] In Fig. 19, the components equivalent to those
of the first through fifth example configurations described
above are denoted by the same reference numerals as
those used above, and explanation of the components
will not be unnecessarily repeated.

[0170] In the first through fifth example configurations
described above, the light receiving element 1 is formed
with a single semiconductor substrate, or only with the
semiconductor substrate 41. In the sixth example con-
figuration in Fig. 19, however, the light receiving element
1 is formed with two semiconductor substrates: the sem-
iconductor substrate 41 and a semiconductor substrate
301. In the description below, for easy understanding,
the semiconductor substrate 41 and the semiconductor
substrate 301 will be also referred to as the first substrate
41 and the second substrate 301, respectively.
[0171] The sixth example configuration in Fig. 19 is
similar to the first example configuration in Fig. 2 in that
the interpixel light blocking films 45, the planarization film
46, and the on-chip lenses 47 are formed on the light
incident surface side of the first substrate 41. The sixth
example configuration is also similar to the first example
configuration in Fig. 2 in that the interpixel separation
portions 61are formed in the pixel boundary portions 44
on the back surface side of the first substrate 41.
[0172] The sixth example configuration is also similar
to the first example configuration in that the photodiodes
PD as the photoelectric conversion portions are formed
in the first substrate 41 for the respective pixels, and in
that the two transfer transistors TRG1 and TRG2, and
the floating diffusion regions FD1 and FD2 as the charge
storage portions are formed on the front surface side of
the first substrate 41.
[0173] On the other hand, a different aspect from the
first example configuration in Fig. 2 is that an insulating
layer 313 of a wiring layer 311 on the front surface side
of the first substrate 41 is bonded to an insulating layer
312 of the second substrate 301.
[0174] The wiring layer 311 of the first substrate 41
includes at least one metal film M, and the light blocking
members 63 are formed with the metal film M in regions
located below the formation regions of the photodiodes
PD.
[0175] Pixel transistors Tr1 and Tr2 are formed at the
interface on the opposite side from the side of the insu-
lating layer 312, which is the bonding surface side of the
second substrate 301. The pixel transistors Tr1 and Tr2
are amplification transistors AMP and selection transis-
tors SEL, for example.
[0176] In other words, in the first through fifth example
configurations only including the single semiconductor
substrate 41 (the first substrate 41), all of the pixel tran-
sistors including the transfer transistors TRG, the switch
transistors FDG, the amplification transistors AMP, and
the selection transistors SEL are formed in the semicon-
ductor substrate 41. In the light receiving element 1 of
the sixth example configuration including a stack struc-
ture of two semiconductor substrates, on the other hand,
the pixel transistors other than the transfer transistors
TRG, or the switch transistors FDG, the amplification
transistors AMP, and the selection transistors SEL are
formed in the second substrate 301.
[0177] A multilayer wiring layer 321 including at least

27 28 



EP 3 968 381 A2

16

5

10

15

20

25

30

35

40

45

50

55

two metal films M is formed on the opposite side of the
second substrate 301 from the side of the first substrate
41. The multilayer wiring layer 321 includes a first metal
film M11, a second metal film M12, and an interlayer in-
sulating film 333.
[0178] The transfer drive signal TRG1g for controlling
the transfer transistors TRG1 is supplied from the first
metal film M11 of the second substrate 301 to the gate
electrodes of the transfer transistors TRG1 of the first
substrate 41 by through silicon vias (TSVs) 331-1 pene-
trating the second substrate 301. The transfer drive sig-
nal TRG2g for controlling the transfer transistors TRG2
is supplied from the first metal film M11 of the second
substrate 301 to the gate electrodes of the transfer tran-
sistors TRG2 of the first substrate 41 by TSVs 331-2 pen-
etrating the second substrate 301.
[0179] Likewise, the charges accumulated in the float-
ing diffusion regions FD1 are transferred from the side
of the first substrate 41 to the first metal film M11 of the
second substrate 301 by TSVs 332-1 penetrating the
second substrate 301. The charges accumulated in the
floating diffusion regions FD2 are transferred from the
side of the first substrate 41 to the first metal film M11 of
the second substrate 301 by TSVs 332-2 penetrating the
second substrate 301.
[0180] The wiring capacitors 64 are formed in a region
(not shown) of the first metal film M11 or the second metal
film M12. The metal film M in which the wiring capacitors
64 are formed is designed to have a high wiring density
for capacitor formation, and the metal film M connected
to the gate electrodes of the transfer transistors TRG,
the switch transistors FDG, or the like is designed to have
a low wiring density to reduce induced current. The wiring
layer (metal film M) to be connected to the gate electrodes
may vary with each pixel transistor. As described above,
the pixels 10 of the sixth example configuration can be
formed by stacking two semiconductor substrates: the
first substrate 41 and the second substrate 301. The pixel
transistors other than the transfer transistors TRG are
formed in the second substrate 301, which is different
from the first substrate 41 including the photoelectric con-
version portions. Further, the vertical drive unit 22 that
controls driving of the pixels 10, the pixel drive lines 28,
the vertical signal lines 29 that transmit detection signals,
and the like are also formed in the second substrate 301.
Thus, the pixels can be miniaturized, and the degree of
freedom in the back end of line (BEOL) design becomes
higher.
[0181] As the sixth example configuration is also a pixel
structure of a back-illuminated type, a sufficient aperture
ratio can be secured compared with that in a case with
a surface-illuminated structure. Thus, quantum efficiency
(QE) 3 aperture ratio (FF) can be maximized. Further,
the regions of the wiring layer 311 that is the closest to
the first substrate 41 and overlaps the formation regions
of the photodiodes PD include the light blocking members
(the reflective members) 63, so that infrared light that has
not been photoelectrically converted in the semiconduc-

tor substrate 41 and has passed through the semicon-
ductor substrate 41 is reflected by the light blocking mem-
bers 63 and is made to reenter the semiconductor sub-
strate 41. With this arrangement, the amount of infrared
light to be photoelectrically converted in the semiconduc-
tor substrate 41 can be further increased, and the quan-
tum efficiency (QE), which is the sensitivity of the pixels
10 to infrared light, can be improved. Further, the infrared
light that has not been photoelectrically converted in the
semiconductor substrate 41 and has passed through the
semiconductor substrate 41 can be prevented from en-
tering the side of the second substrate 301.

<Manufacturing Method in the Sixth Example Configura-
tion>

[0182] Referring now to Figs. 20A through 20F, a man-
ufacturing method in the sixth example configuration is
described.
[0183] First, as shown in Fig. 20A, after the photodi-
odes PD as the photoelectric conversion portions and
the floating diffusion regions FD are formed pixel by pixel
in predetermined regions in the first substrate 41, the
gate electrodes 351 of the transfer transistors TRG are
formed.
[0184] Next, as shown in Fig. 20B, after an insulating
film 361 is formed on the gate electrodes 351 of the trans-
fer transistors TRG and the upper surface of the first sub-
strate 41, the light blocking members 63 corresponding
to the regions of the photodiodes PD are formed as a
pattern.
[0185] Next, as shown in Fig. 20C, an insulating film
is further stacked on the light blocking members 63 and
the insulating film 361, to form the insulating layer 313,
and the wiring layer 311 that is the front surface side of
the first substrate 41 is formed. Then, the insulating layer
312 on the back surface side of the second substrate 301
in which the pixel transistors Tr1 and Tr2 such as the
amplification transistors AMP and the selection transis-
tors SEL are formed in advance is bonded to the insulat-
ing layer 313 of the first substrate 41.
[0186] Next, as shown in Fig. 20D, after an insulating
layer 362 is formed on the upper surface of the second
substrate 301, trenches 371-1 and 371-2 for contact with
the gate electrodes of the pixel transistors Tr1 and Tr2
are formed. Further, trenches 372-1, 372-2, 373-1, and
373-2 penetrating the second substrate 301 are formed
at the portions necessary for electrically connecting the
first substrate 41 and the second substrate 301, such as
the gate electrodes of the transfer transistors TRG1 and
TRG2, and the floating diffusion regions FD1 and FD2.
[0187] Next, as shown in Fig. 20E, the trenches 371-1
and 371-2, and the trenches 372-1, 372-2, 373-1, and
373-2 are filled with a metal material such as tungsten
(W). As a result, the TSVs 331-1, 331-2, 332-1, and 332-2
are formed.
[0188] Next, as shown in Fig. 20F, the first metal film
M11, the second metal film M12, and an insulating layer
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are formed on the insulating layer 362, and thus, the mul-
tilayer wiring layer 321 is formed.
[0189] After Fig. 20F, the antireflective film 43, the on-
chip lenses 47, and the like are formed on the back sur-
face side that is the light incident surface of the first sub-
strate 41. Thus, the light receiving element 1 in Fig. 19
is completed.
[0190] Note that the sixth example configuration
shown in Fig. 19 is a configuration formed by modifying
the first example configuration shown in Fig. 2 into a stack
structure of two semiconductor substrates. However, it
is of course possible to adopt a configuration formed by
modifying any of the second through fifth example con-
figurations into a stack structure of two semiconductor
substrates.

<13. Example of a Four-Tap Pixel Configuration>

[0191] Each pixel 10 in the first through sixth example
configurations is a so-called two-tap pixel structure that
has two transfer transistors TRG1 and TRG2 as the trans-
fer gates for one photodiode PD, has two floating diffusion
regions FD1 and FD2 as charge storage portions, and
distributes charges generated in the photodiode PD to
the two floating diffusion regions FD1 and FD2.
[0192] On the other hand, a pixel 10 may be a so-called
four-tap pixel structure that has four transfer transistors
TRG1 through TRG4 and floating diffusion regions FD1
through FD4 for one photodiode PD, and distributes
charges generated in the photodiode PD to the four float-
ing diffusion regions FD1 through FD4.
[0193] Fig. 21 is a plan view of a pixel 10 in a case of
a four-tap pixel structure.
[0194] The pixel 10 includes four sets of a first transfer
transistor TRGa, a second transfer transistor TRGb, a
reset transistor RST, an amplification transistor AMP,
and a selection transistor SEL.
[0195] Outside the photodiode PD, one set of a first
transfer transistor TRGa, a second transfer transistor
TRGb, a reset transistor RST, an amplification transistor
AMP, and a selection transistor SEL is linearly arranged
along each one side of the four sides of the rectangular
pixel 10.
[0196] In Fig. 21, each set of a first transfer transistor
TRGa, a second transfer transistor TRGb, a reset tran-
sistor RST, an amplification transistor AMP, and a selec-
tion transistor SEL, which are arranged along one of the
four sides of the rectangular pixel 10, are denoted with
one of the numbers 1 through 4, and thus, is distinguished
from the other sets.
[0197] As described above, a pixel 10 may have a
structure that distributes charges generated in the pho-
todiode PD to two taps, or a structure that distributes the
charges to four taps. A pixel 10 does not necessarily have
a two-tap structure, and may have a structure with three
or more taps.
[0198] For example, in a case where a pixel 10 has a
two-tap structure, driving is performed to distribute gen-

erated charges to the two floating diffusion regions FD
by shifting the phase (the light reception timing) by 180
degrees between the first tap and the second tap. In a
case where a pixel 10 has a four-tap structure, on the
other hand, driving may be performed to distribute gen-
erated charges to four floating diffusion regions FD by
shifting the phase (the light reception timing) by 90 de-
grees between each two taps among the first through
fourth taps. The distance to the object can be then de-
termined, on the basis of the distribution ratio of the
charges accumulated in the four floating diffusion regions
FD.

<14. Example Configuration of a Ranging Module>

[0199] Fig. 22 is a block diagram showing an example
configuration of a ranging module that outputs ranging
information, using the light receiving element 1 described
above.
[0200] A ranging module 500 includes a light emitting
unit 511, a light emission controller 512, and a light re-
ceiving unit 513.
[0201] The light emitting unit 511 has a light source
that emits light of a predetermined wavelength, and emits
irradiation light whose brightness periodically changes,
to an object. For example, the light emitting unit 511 has
a light emitting diode that emits infrared light having a
wavelength of 780 nm to 1000 nm as the light source,
and emits irradiation light in synchronization with a
square-wave light emission control signal CLKp supplied
from the light emission controller 512. Note that the light
emission control signal CLKp is not necessarily of a
square wave, but has to be a periodic signal. For exam-
ple, the light emission control signal CLKp may be a sine
wave.
[0202] The light emission controller 512 supplies the
light emission control signal CLKp to the light emitting
unit 511 and the light receiving unit 513, and controls the
timing to emit irradiation light. The frequency of the light
emission control signal CLKp is 20 megahertz (MHz), for
example. Note that the frequency of the light emission
control signal CLKp is not necessarily 20 megahertz
(MHz), and may be 5 megahertz (MHz) or the like.
[0203] The light receiving unit 513 receives light re-
flected from the object, calculates distance information
for each pixel in accordance with the light reception result,
and generates and outputs a depth image in which the
depth value corresponding to the distance to the object
(subject) is stored as a pixel value.
[0204] A light receiving element 1 having the pixel
structure of any of the above described first through sixth
example configuration is used as the light receiving unit
513. For example, the light receiving element 1 as the
light receiving unit 513 calculates distance information
for each pixel, from the signal intensity corresponding to
the charges that have been distributed to the floating dif-
fusion region FD1 or FD2 of each pixel 10 in the pixel
array unit 21 on the basis of the light emission control
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signal CLKp. Note that the number of taps of each pixel
10 may be four or the like as described above.
[0205] As described above, a light receiving element
1 having the pixel structure of any of the first through
sixth example configurations described above can be in-
corporated as the light receiving unit 513 into the ranging
module 500 that calculates and outputs information indi-
cating the distance to the object by an indirect ToF meth-
od. Thus, the ranging characteristics of the ranging mod-
ule 500 can be improved.

<15. Example Configuration of an Electronic Apparatus>

[0206] Note that a light receiving element 1 can be ap-
plied to a ranging module as described above, and can
also be applied to various electronic apparatuses such
as an imaging device like a digital still camera or a digital
video camera having a ranging function, and a smart-
phone having a ranging function, for example.
[0207] Fig. 23 is a block diagram showing an example
configuration of a smartphone as an electronic apparatus
to which the present technology is applied.
[0208] As shown in Fig. 23, a smartphone 601 includes
a ranging module 602, an imaging device 603, a display
604, a speaker 605, a microphone 606, a communication
module 607, a sensor unit 608, a touch panel 609, and
a control unit 610, which are connected via a bus 611.
Further, in the control unit 610, a CPU executes a pro-
gram, to achieve functions as an application processing
unit 621 and an operation system processing unit 622.
[0209] The ranging module 500 IN Fig. 22 is applied
to the ranging module 602. For example, the ranging
module 602 is disposed in the front surface of the smart-
phone 601, and performs ranging for the user of the
smartphone 601, to output the depth value of the surface
shape of the user’s face, hand, finger, or the like as a
measurement result.
[0210] The imaging device 603 is disposed in the front
surface of the smartphone 601, and acquires an image
showing the user by performing imaging of the user of
the smartphone 601 as the subject. Note that, although
not illustrated, the imaging device 603 may also be dis-
posed in the back surface of the smartphone 601.
[0211] The display 604 displays an operation screen
for performing processing with the application processing
unit 621 and the operation system processing unit 622,
an image captured by the imaging device 603, or the like.
The speaker 605 and the microphone 606 output the
voice from the other end, and collect the voice of the user,
when a voice call is made with the smartphone 601, for
example.
[0212] The communication module 607 performs net-
work communication via a communication network such
as the Internet, a public telephone network, a wide area
communication network for wireless mobile objects, such
as a so-called 4G network or a 5G network, a wide area
network (WAN), or a local area network (LAN), short-
range wireless communication such as Bluetooth (regis-

tered trademark) or near field communication (NFC), or
the like. The sensor unit 608 senses velocity, accelera-
tion, proximity, and the like, and the touch panel 609 ac-
quires a touch operation performed by the user on an
operation screen displayed on the display 604.
[0213] The application processing unit 621 performs
processing for providing various services through the
smartphone 601. For example, the application process-
ing unit 621 can perform a process of creating a face by
computer graphics that virtually reproduces the user’s
expression and displaying the face on the display 604,
on the basis of the depth value supplied from the ranging
module 602. The application processing unit 621 can also
perform a process of creating three-dimensional shape
data of a three-dimensional object, for example, on the
basis of the depth value supplied from the ranging module
602.
[0214] The operation system processing unit 622 per-
forms a process to achieve the basic functions and op-
erations of the smartphone 601. For example, the oper-
ation system processing unit 622 can perform a process
of authenticating the user’s face on the basis of the depth
value supplied from the ranging module 602, and releas-
ing the lock on the smartphone 601. Further, the opera-
tion system processing unit 622 performs a process of
recognizing a gesture of the user on the basis of the depth
value supplied from the ranging module 602, and then
performs a process of inputting various operations in ac-
cordance with the gesture, for example.
[0215] In the smartphone 601 configured as above, the
ranging module 500 described above is used as the rang-
ing module 602, so that the distance to a predetermined
object can be measured and displayed, or three-dimen-
sional shape data of the predetermined object can be
created and displayed, for example.

<16. Example Applications to Moving Objects>

[0216] The technology according to the present disclo-
sure (the present technology) can be applied to various
products. For example, the technology according to the
present disclosure may be embodied as an apparatus
mounted on any type of moving object, such as an auto-
mobile, an electrical vehicle, a hybrid electrical vehicle,
a motorcycle, a bicycle, a personal mobility device, an
airplane, a drone, a vessel, or a robot.
[0217] Fig. 24 is a block diagram schematically show-
ing an example configuration of a vehicle control system
that is an example of a moving object control system to
which the technology according to the present disclosure
can be applied.
[0218] A vehicle control system 12000 includes a plu-
rality of electronic control units connected via a commu-
nication network 12001. In the example shown in Fig. 24,
the vehicle control system 12000 includes a drive system
control unit 12010, a body system control unit 12020, an
external information detection unit 12030, an in-vehicle
information detection unit 12040, and an overall control
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unit 12050. A microcomputer 12051, a sound/image out-
put unit 12052, and an in-vehicle network interface (I/F)
12053 are also shown as the functional components of
the overall control unit 12050.
[0219] The drive system control unit 12010 controls
operations of the devices related to the drive system of
the vehicle according to various programs. For example,
the drive system control unit 12010 functions as control
devices such as a driving force generation device for gen-
erating a driving force of the vehicle such as an internal
combustion engine or a driving motor, a driving force
transmission mechanism for transmitting the driving
force to the wheels, a steering mechanism for adjusting
the steering angle of the vehicle, and a braking device
for generating a braking force of the vehicle.
[0220] The body system control unit 12020 controls
operations of the various devices mounted on the vehicle
body according to various programs. For example, the
body system control unit 12020 functions as a keyless
entry system, a smart key system, a power window de-
vice, or a control device for various lamps such as a head-
lamp, a backup lamp, a brake lamp, a turn signal lamp,
a fog lamp, or the like. In this case, the body system
control unit 12020 can receive radio waves transmitted
from a portable device that substitutes for a key, or sig-
nals from various switches. The body system control unit
12020 receives inputs of these radio waves or signals,
and controls the door lock device, the power window de-
vice, the lamps, and the like of the vehicle.
[0221] The external information detection unit 12030
detects information outside the vehicle equipped with the
vehicle control system 12000. For example, an imaging
unit 12031 is connected to the external information de-
tection unit 12030. The external information detection
unit 12030 causes the imaging unit 12031 to capture an
image of the outside of the vehicle, and receives the cap-
tured image. In accordance with the received image, the
external information detection unit 12030 may perform
an object detection process for detecting a person, a ve-
hicle, an obstacle, a sign, characters on the road surface,
or the like, or perform a distance detection process.
[0222] The imaging unit 12031 is an optical sensor that
receives light, and outputs an electrical signal corre-
sponding to the amount of received light. The imaging
unit 12031 can output an electrical signal as an image,
or output an electrical signal as distance measurement
information. Further, the light to be received by the im-
aging unit 12031 may be visible light, or may be invisible
light such as infrared light.
[0223] The in-vehicle information detection unit 12040
detects information about the inside of the vehicle. For
example, a driver state detector 12041 that detects the
state of the driver is connected to the in-vehicle informa-
tion detection unit 12040. The driver state detector 12041
includes a camera that captures an image of the driver,
for example, and, in accordance with detected informa-
tion input from the driver state detector 12041, the in-
vehicle information detection unit 12040 may calculate

the degree of fatigue or the degree of concentration of
the driver, or determine whether the driver is dozing off.
[0224] In accordance with the external/internal infor-
mation acquired by the external information detection unit
12030 or the in-vehicle information detection unit 12040,
the microcomputer 12051 can calculate the control target
value of the driving force generation device, the steering
mechanism, or the braking device, and output a control
command to the drive system control unit 12010. For
example, the microcomputer 12051 can perform coop-
erative control to achieve the functions of an advanced
driver assistance system (ADAS), including vehicle col-
lision avoidance or impact mitigation, follow-up running
based on the distance between vehicles, vehicle speed
maintenance running, vehicle collision warning, vehicle
lane deviation warning, or the like.
[0225] The microcomputer 12051 can also perform co-
operative control to conduct automatic driving or the like
for autonomously running not depending on the operation
of the driver, by controlling the driving force generation
device, the steering mechanism, the braking device, or
the like in accordance with information about the sur-
roundings of the vehicle, the information having being
acquired by the external information detection unit 12030
or the in-vehicle information detection unit 12040.
[0226] The microcomputer 12051 can also output a
control command to the body system control unit 12020,
in accordance with the external information acquired by
the external information detection unit 12030. For exam-
ple, the microcomputer 12051 controls the headlamp in
accordance with the position of the leading vehicle or the
oncoming vehicle detected by the external information
detection unit 12030, and performs cooperative control
to achieve an anti-glare effect by switching from a high
beam to a low beam, or the like.
[0227] The sound/image output unit 12052 transmits
an audio output signal and/or an image output signal to
an output device that is capable of visually or audibly
notifying the passenger(s) of the vehicle or the outside
of the vehicle of information. In the example shown in
Fig. 24, an audio speaker 12061, a display unit 12062,
and an instrument panel 12063 are shown as output de-
vices. The display unit 12062 may include an on-board
display and/or a head-up display, for example.
[0228] Fig. 25 is a diagram showing an example of in-
stallation positions of imaging units 12031.
[0229] In Fig. 25, a vehicle 12100 includes imaging
units 12101, 12102, 12103, 12104, and 12105 as the
imaging units 12031.
[0230] Imaging units 12101, 12102, 12103, 12104, and
12105 are provided at the following positions: the front
end edge of a vehicle 12100, a side mirror, the rear bump-
er, a rear door, and an upper portion of the front wind-
shield inside the vehicle, for example. The imaging unit
12101 provided on the front end edge and the imaging
unit 12105 provided on the upper portion of the front wind-
shield inside the vehicle mainly capture images ahead
of the vehicle 12100. The imaging units 12102 and 12103
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provided on the side mirrors mainly capture images on
the sides of the vehicle 12100. The imaging unit 12104
provided on the rear bumper or a rear door mainly cap-
tures images behind the vehicle 12100. The front images
acquired by the imaging units 12101 and 12105 are main-
ly used for detection of a vehicle running in front of the
vehicle 12100, a pedestrian, an obstacle, a traffic signal,
a traffic sign, a lane, or the like.
[0231] Note that Fig. 25 shows an example of the im-
aging ranges of the imaging units 12101 through 12104.
An imaging range 12111 indicates the imaging range of
the imaging unit 12101 provided on the front end edge,
imaging ranges 12112 and 12113 indicate the imaging
ranges of the imaging units 12102 and 12103 provided
on the respective side mirrors, and an imaging range
12114 indicates the imaging range of the imaging unit
12104 provided on the rear bumper or a rear door. For
example, image data captured by the imaging units
12101 through 12104 are superimposed on one another,
so that an overhead image of the vehicle 12100 viewed
from above is obtained.
[0232] At least one of the imaging units 12101 through
12104 may have a function of acquiring distance infor-
mation. For example, at least one of the imaging units
12101 through 12104 may be a stereo camera including
a plurality of imaging devices, or may be an imaging de-
vice having pixels for phase difference detection.
[0233] For example, in accordance with distance infor-
mation obtained from the imaging units 12101 through
12104, the microcomputer 12051 calculates the distanc-
es to the respective three-dimensional objects within the
imaging ranges 12111 through 12114, and temporal
changes in the distances (the speeds relative to the ve-
hicle 12100). In this manner, the three-dimensional ob-
ject that is the closest three-dimensional object on the
traveling path of the vehicle 12100 and is traveling at a
predetermined speed (0 km/h or higher, for example) in
substantially the same direction as the vehicle 12100 can
be extracted as the vehicle running in front of the vehicle
12100. Further, the microcomputer 12051 can set be-
forehand an inter-vehicle distance to be maintained in
front of the vehicle running in front of the vehicle 12100,
and can perform automatic brake control (including fol-
low-up stop control), automatic acceleration control (in-
cluding follow-up start control), and the like. In this man-
ner, it is possible to perform cooperative control to con-
duct automatic driving or the like to autonomously travel
not depending on the operation of the driver. For exam-
ple, in accordance with the distance information obtained
from the imaging units 12101 through 12104, the micro-
computer 12051 can extract three-dimensional object
data concerning three-dimensional objects under the cat-
egories of two-wheeled vehicles, regular vehicles, large
vehicles, pedestrians, utility poles, and the like, and use
the three-dimensional object data in automatically avoid-
ing obstacles. For example, the microcomputer 12051
classifies the obstacles in the vicinity of the vehicle 12100
into obstacles visible to the driver of the vehicle 12100

and obstacles difficult to visually recognize. The micro-
computer 12051 then determines collision risks indicat-
ing the risks of collision with the respective obstacles. If
a collision risk is equal to or higher than a set value, and
there is a possibility of collision, the microcomputer
12051 outputs a warning to the driver via the audio speak-
er 12061 and the display unit 12062, or can perform driv-
ing support for avoiding collision by performing forced
deceleration or avoiding steering via the drive system
control unit 12010.
[0234] At least one of the imaging units 12101 through
12104 may be an infrared camera that detects infrared
light. For example, the microcomputer 12051 can recog-
nize a pedestrian by determining whether or not a pe-
destrian exists in images captured by the imaging units
12101 through 12104. Such pedestrian recognition is
carried out through a process of extracting feature points
from the images captured by the imaging units 12101
through 12104 serving as infrared cameras, and a proc-
ess of performing a pattern matching on the series of
feature points indicating the outlines of objects and de-
termining whether or not there is a pedestrian, for exam-
ple. If the microcomputer 12051 determines that a pe-
destrian exists in the images captured by the imaging
units 12101 through 12104, and recognizes a pedestrian,
the sound/image output unit 12052 controls the display
unit 12062 to display a rectangular contour line for em-
phasizing the recognized pedestrian in a superimposed
manner. The sound/image output unit 12052 may also
control the display unit 12062 to display an icon or the
like indicating the pedestrian at a desired position.
[0235] An example of a vehicle control system to which
the technology according to the present disclosure can
be applied has been described above. The technology
according to the present disclosure can be applied to the
external information detection unit 12030 and the imag-
ing units 12031 in the above described configuration.
Specifically, the light receiving element 1 or the ranging
module 500 can be applied to the distance detection
processing block of the external information detection
unit 12030 or the imaging unit 12031. As the technology
according to the present disclosure is applied to the ex-
ternal information detection unit 12030 or the imaging
unit 12031, the distance to an object such as a person,
a car, an obstacle, a signpost, or characters on a road
surface can be measured with high accuracy. With the
obtained distance information, it is possible to alleviate
the driver’s fatigue, and enhance the safety of the driver
and the vehicle.
[0236] Embodiments of the present technology are not
limited to the above described embodiments, and various
modifications can be made to them without departing
from the scope of the present technology.
[0237] Further, in the light receiving element 1 de-
scribed above, an example in which electrons are used
as signal carriers has been described. However, holes
generated through photoelectric conversion may also be
used as signal carriers.
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[0238] For example, it is possible to adopt a combina-
tion of all or some of the embodiments in the above de-
scribed light receiving element 1. Further, the advanta-
geous effects described in this specification are merely
examples, and the advantageous effects of the present
technology are not limited to them and may include other
effects. Note that the present technology may also be
embodied in the configurations described below.

(1) A light receiving element including:

an on-chip lens;
a wiring layer; and
a semiconductor layer disposed between the
on-chip lens and the wiring layer,
in which the semiconductor layer includes:

a photodiode;
a first transfer transistor that transfers elec-
tric charge generated in the photodiode to
a first charge storage portion;
a second transfer transistor that transfers
electric charge generated in the photodiode
to a second charge storage portion; and
an interpixel separation portion that sepa-
rates the semiconductor layers of adjacent
pixels from each other, for at least part of
the semiconductor layer in the depth direc-
tion,

the wiring layer has at least one layer including
a light blocking member, and
the light blocking member is disposed to overlap
with the photodiode in a plan view.

(2) The light receiving element according to (1),
in which the interpixel separation portion penetrates
the semiconductor layer in the depth direction.
(3) The light receiving element according to (1) or (2),
in which the semiconductor layer further includes:

a first additional capacitor;
a first switch transistor that connects the first ad-
ditional capacitor to the first charge storage por-
tion;
a second additional capacitor; and
a second switch transistor that connects the sec-
ond additional capacitor to the second charge
storage portion.

(4) The light receiving element according to (3),
in which the first additional capacitor and the second
additional capacitor include a wiring capacitor of the
wiring layer.
(5) The light receiving element according to (4),

in which the wiring layer includes a layer in which
the light blocking member is formed, and a layer

in which the wiring capacitor is formed, and
the wiring capacitor is formed in a layer farther
from the semiconductor layer than the light
blocking member.

(6) The light receiving element according to any one
of (1) to (5),
in which the light blocking member includes two lay-
ers.
(7) The light receiving element according to any one
of (1) to (6), further including
an interpixel light blocking film at a pixel boundary
portion of the semiconductor layer.
(8) The light receiving element according to any one
of (1) to (7),
in which a region of the semiconductor layer located
above the photodiode is a moth-eye structure in
which minute concavities and convexities are
formed.
(9) The light receiving element according to any one
of (1) to (8),

in which the semiconductor layer is formed with
a second semiconductor layer and the wiring
layer that are bonded to each other, the second
semiconductor layer being another semicon-
ductor layer, and
the second semiconductor layer includes at
least an amplification transistor and a selection
transistor.

(10) A ranging module including:

a light receiving member;
a light source that emits irradiation light having
periodically varying brightness; and
a light emission controller that controls timing to
emit the irradiation light,
in which the light receiving element includes:

an on-chip lens;
a wiring layer; and
a semiconductor layer disposed between
the on-chip lens and the wiring layer,

the semiconductor layer includes:

a photodiode;
a first transfer transistor that transfers elec-
tric charge generated in the photodiode to
a first charge storage portion;
a second transfer transistor that transfers
electric charge generated in the photodiode
to a second charge storage portion; and
an interpixel separation portion that sepa-
rates the semiconductor layers of adjacent
pixels from each other, for at least part of
the semiconductor layer in the depth direc-
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tion,

the wiring layer has at least one layer including
a light blocking member, and
the light blocking member is disposed to overlap
with the photodiode in a plan view.

(11) An electronic apparatus including:

a ranging module including:

a light receiving member;
a light source that emits irradiation light hav-
ing periodically varying brightness; and
a light emission controller that controls tim-
ing to emit the irradiation light,

in which the light receiving element includes:

an on-chip lens;
a wiring layer; and
a semiconductor layer disposed between
the on-chip lens and the wiring layer,

the semiconductor layer includes:

a photodiode;
a first transfer transistor that transfers elec-
tric charge generated in the photodiode to
a first charge storage portion;
a second transfer transistor that transfers
electric charge generated in the photodiode
to a second charge storage portion; and
an interpixel separation portion that sepa-
rates the semiconductor layers of adjacent
pixels from each other, for at least part of
the semiconductor layer in the depth direc-
tion,
the wiring layer has at least one layer in-
cluding a light blocking member, and
the light blocking member is disposed to
overlap with the photodiode in a plan view.

[0239] It should be understood by those skilled in the
art that various modifications, combinations, sub-combi-
nations and alterations may occur depending on design
requirements and other factors insofar as they are within
the scope of the appended claims or the equivalents
thereof.

[Reference Signs List]

[0240]

1 Light receiving element
10 Pixel
PD Photodiode
RST Reset transistor

SEL Selection transistor
TRG Transfer transistor
FD Floating diffusion region
FDG Switch transistor
FDL Additional capacitor
M Metal film
MEM Memory
OFG Charge ejection transistor
21 Pixel array unit
41 Semiconductor substrate (first substrate)
42 Multilayer wiring layer
43 Antireflective film
44 Pixel boundary portion (boundary portion)
45 Interpixel light blocking film
47 On-chip lens
61 Interpixel separation portion
63 Light blocking member (reflective member)
64 Wiring capacitor
211 Interpixel separation portion
221 Antireflective film
223 PD upper region
301 Semiconductor substrate (second substrate)
321 Multilayer wiring layer
500 Ranging module
511 Light emitting unit
512 Light emission controller
513 Light receiving unit
601 Smartphone
602 Ranging module

Claims

1. A light receiving element (1) comprising:

a first trench portion (61) disposed in a semicon-
ductor layer (41), the semiconductor layer (41)
disposed between an on-chip lens (47) and a
multi wiring layer (42) in a cross-sectional view;
a second trench portion (61) disposed adjacent
to the first trench portion (61) in the semicon-
ductor layer (41) in the cross-sectional view;
a photodiode (PD) disposed between the first
trench portion (61) and the second trench por-
tion (61) in the semiconductor layer (41) in the
cross-sectional view;
a first transfer transistor (TRG1) configured to
transfer electric charge generated in the photo-
diode (PD) to a first floating diffusion region
(FD1);
a second transfer transistor (TRG2) configured
to transfer electric charge generated in the pho-
todiode (PD) to a second floating diffusion region
(FD2); and
a charge ejection transistor (OFG) configured to
eject charges accumulated in the photodiode
(PD), wherein one of a source and a drain of the
charge ejection transistor (OFG) is coupled to
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the photodiode (PD), and wherein another one
of the source and the drain of the charge ejection
transistor (OFG) is coupled to a wiring config-
ured to receive a voltage source potential.

2. The light receiving element (1) according to claim 1,
further comprising:
a metal oxide film (53) disposed in the first and sec-
ond trench portions (61), and a light receiving surface
of the semiconductor layer (41) between the first and
second trench portions (61).

3. The light receiving element (1) according to claim 2
further comprising:

a metal film (54) disposed above the metal oxide
film (53), wherein the metal film (54) is disposed
between the first and second trench portions
(61); and
an organic material (46) disposed above the
metal oxide film (53) and the metal film (54).

4. The light receiving element (1) according to claim 3,
wherein the organic material (46) includes resin.

5. The light receiving element (1) according to claim 4,
wherein the semiconductor layer (41) is configured
to receive infrared light.

6. The light receiving element (1) according to claim 1,
further comprising:

an amplification transistor (AMP1) coupled to
the first floating diffusion region (FD1); and
a reset transistor (RST1) coupled to the first
floating diffusion region (FD1), wherein a gate
electrode (TRG1g) of the first transfer transistor
(TRG1), a gate electrode (RST1g) of the reset
transistor (RST1), and a gate electrode of the
amplification transistor (AMP1) are arranged
along a direction in a plan view, and
wherein the photodiode (PD) is disposed be-
tween the gate electrode of the amplification
transistor (AMP1) and a gate electrode (OFGlg)
of the charge ejection transistor (OFG) in the
plan view.

7. An electronic apparatus (601) comprising an appli-
cation processing unit (621), a light emitting unit
(511), and the light receiving element (1) according
to claim 1,

wherein the light emitting unit (511) is configured
to emit light to an object,
wherein the light receiving element (1) is config-
ured to receive light reflected by the object and
output a data according to a distance to the ob-
ject, and

wherein the application processing unit (621) is
configured to perform processing according to
the data.

8. A light receiving element (1) comprising:
a photodiode (PD) disposed in a semiconductor layer
(41), the semiconductor layer (41) disposed between
an on-chip lens (47) and a multi wiring layer (42) in
a cross-sectional view:

a first transfer transistor (TRG1) that transfers
electric charge generated in the photodiode
(PD) to a first floating diffusion region (FD1);
a second transfer transistor (TRG2) that trans-
fers electric charge generated in the photodiode
(PD) to a second floating diffusion region (FD2);
a first amplification transistor (AMP1) coupled
to the first floating diffusion region (FD1);
a second amplification transistor (AMP2) cou-
pled to the second floating diffusion region
(FD2);
a first reset transistor (RST1) coupled to the first
floating diffusion region (FD1);
a second reset transistor (RST2) coupled to the
second floating diffusion region (FD2);
a first switch transistor (FDG1) coupled to the
first floating diffusion region (FD1);
a second switch transistor (FDG2) coupled to
the second floating diffusion region (FD2); and
a charge ejection transistor (OFG) configured to
eject charges accumulated in the photodiode
(PD), wherein one of a source and a drain of the
charge ejection transistor (OFG) is coupled to
the photodiode (PD), and wherein another one
of the source and the drain of the charge ejection
transistor (OFG) is coupled to a wiring config-
ured to receive a voltage source potential.

9. A light receiving element (1) comprising:
a photodiode (PD) disposed in a semiconductor layer
(41), the semiconductor layer (41) disposed between
an on-chip lens (47) and a multi wiring layer (42) in
a cross-sectional view:

a first transfer transistor (TRG1) that transfers
electric charge generated in the photodiode
(PD) to a first floating diffusion region (FD1);
a second transfer transistor (TRG2) that trans-
fers electric charge generated in the photodiode
(PD) to a second floating diffusion region (FD2);
a first amplification transistor (AMP1) coupled
to the first floating diffusion region (FD1);
a second amplification transistor (AMP2) cou-
pled to the second floating diffusion region
(FD2);
a first reset transistor (RST1) coupled to the first
floating diffusion region (FD1);
a second reset transistor (RST2) coupled to the
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second floating diffusion region (FD2);
a first switch transistor (FDG1) coupled to the
first floating diffusion region (FD1);
a second switch transistor (FDG2) coupled to
the second floating diffusion region (FD2); and
a capacitor (FDL1) coupled to the first switch
transistor (FDG1).

10. The light receiving element (1) according to claim 9,
wherein the capacitor (FDL1) is disposed in a wiring
layer (M1, M2, M3) within the multi wiring layer (42);
in particular wherein the multi wiring layer (42) in-
cludes a light shielding member (63).

11. The light receiving element (1) according to claim 10,

wherein the light shielding member (63) is over-
lapped with the capacitor (FDL1) in a plan view,
in particular wherein the light shielding member
(63) is disposed closer to the semiconductor lay-
er (41) than the capacitor (FDL1); and/or
wherein the light shielding member (63) is dis-
posed in the wiring layer (M1, M2, M3).

12. The light receiving element (1) according to claim 8,
wherein a gate electrode (FDG1g) of the first switch
transistor (FDG1) is disposed between a gate elec-
trode (TRGlg) of the first transfer transistor (TRG1)
and a gate electrode (RSTlg) of the first reset tran-
sistor (RST1) in a plan view.

13. The light receiving element (1) according to claim
12, wherein the gate electrode (RSTlg) of the first
reset transistor (RST1) is disposed between the gate
electrode (FDG1g) of the first switch transistor
(FDG1) and a gate electrode of the first amplification
transistor (AMP1) in the plan view;
in particular wherein the gate electrode (FDG1g) of
the first switch transistor (FDG1), the gate electrode
(RSTlg) of the first reset transistor (RST1), and the
gate electrode of the first amplification transistor
(AMP1) are arranged along a direction in a plan view.

14. The light receiving element (1) according to claim 8,
wherein the photodiode (PD) is disposed between a
gate electrode of the first amplification transistor
(AMP1) and a gate electrode (OFGlg) of the charge
ejection transistor (OFG1) in a plan view.

15. An electronic apparatus (601) comprising an appli-
cation processing unit (621), a light emitting unit
(511), and the light receiving element (1) according
to claim 8,

wherein the light emitting unit (511) is configured
to emit light to an object,
wherein the light receiving element (1) is config-
ured to receive light reflected by the object and

output a data according to a distance to the ob-
ject, and
wherein the application processing unit (621) is
configured to perform processing according to
the data.
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