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(57) ABSTRACT

The present disclosure relates to a solid-state image sensor
and an electronic apparatus that suppress a decrease in light
collection efficiency and degradation in oblique light resis-
tance and enable a reduction in the height of a solid-state
image sensor. A solid-state image sensor according to a first
aspect of the present disclosure is a solid-state image sensor
of a vertical spectral diffraction type in which a plurality of
photoelectric conversion units are stacked in a region of
each pixel, the solid-state image sensor including: a first
photoelectric conversion module that includes a first pho-
toelectric conversion unit configured to perform photoelec-
tric conversion on light in a first wavelength range of
incident light, a first upper electrode and a first lower
electrode formed with the first photoelectric conversion unit
placed between the first upper electrode and the first lower
electrode, and a first spectral correction unit formed between
the first upper electrode and the first lower electrode to be
stacked on the first photoelectric conversion unit; and a
second photoelectric conversion unit configured to perform
photoelectric conversion on light in a second wavelength
range of light that has passed through the first photoelectric
conversion module, the second wavelength range being
different from the first wavelength range. The present dis-
closure can be applied to, for example, a CMOS image
sensor.

LIGHT

I

UPPER TRANSPARENT ELECTRODE - 12
T PHOTOELEGTRIC

INTERLAYER
INSULATING FiLM

PHOTOELECTRIC ~-18
CONVERSION LAYER (B)

PHOTOELECTRIC
CONVERSION LAYER (R}

)

0

—



Patent Application Publication  Sep. 17,2020 Sheet 1 of 12 US 2020/0295074 A1

Y

UPPER TRANSPARENT ELECTRODE 12

INTERLAYER 15
INSULATING FiLM

16

PHOTOELECTRIC ~ 18
CONVERSION LAYER (B)

PHOTOELECTRIC ~-19
CONVERSION LAYER (R}

10



by
{
3
Sy

CONVERSION LAYER (R}

Patent Application Publication  Sep. 17,2020 Sheet 2 of 12 US 2020/0295074 A1
FIG. 2
LIGHT
/ \<§
&
UPPER TRANSPARENT ELECTRODE 412
L PLOTOELEGTRIC
L CONVERSIONFILM(G) - 113
LOWER TRANSPARENT ELECTRODE 4 14
o INTERLAYER INSULATING FILM - 15
o
PHOTOELECTRIC ~ 18
CONVERSION LAYER (B) '
PHOTOELECTRIC —~. 19

30



Patent Application Publication  Sep. 17,2020 Sheet 3 of 12 US 2020/0295074 A1

FIG. 3
s .
o BLOCK E
%%%@m& . ELECTRON
e \ INECTION g1 ecTRON
-------------------------- INJECTION
RS BARRIER
PHOTOELECTRIC E;
CCONVERSION "1 &1 e ¥
T FIM (G -
=
bl h
L <
o vl n il G0 T RS o O
Ld <l 0 | e e e e = o
Q.0 <f fom
521 P o
e
é z 13 \’\Q}”%‘{\Q‘?‘\* % t
{ {
R J

3
p—
£



Patent Application Publication  Sep. 17,2020 Sheet 4 of 12

FIG. 4A

mmmmmmmmmmmm

SPECTRAL SHAPE IS IMPROVED

FIG. 4C

US 2020/0295074 A1



Patent Application Publication  Sep. 17,2020 Sheet 5 of 12 US 2020/0295074 A1

UPPER TRANSPARENT FLECTRODE 12

....... - CONVERSION FILM (G) -~ 1= 13

LOWER TRANSPARENT ELECTRODE ~+4— 14
17—+ INTERLAYER INSULATING FILM ——15

PHOTOELECTRIC ~_18
CONVERSION LAYER (B) :

PHOTOELECTRIC —~_ 19
CONVERSION LAYER (R)




Patent Application Publication

UPPER
TRANSPARENT

ELECTRODE

i HOLE BLOCKING LAYER:

PHOTOELECTRE

Sep. 17,2020 Sheet 6 of 12 US 2020/0295074 A1
FIG. 6
BLOCK
_ ELECTRON
MECTION ¢ ety
' INJECTION
BARRIER

SPECTRAL CORRECTION

LOWER TRANSPARENT
ELECTRODE

woooh.
&VM



171

Patent Application Publication  Sep. 17,2020 Sheet 7 of 12

| |SPECTRAL CORRECTION BUFFE
. PHOTOELECTRIC.
. CONVERSION FILM {G). -

LOWER TRANSPARENT ELECTRODE

US 2020/0295074 A1

INTERLAYER INSULATING FILM

o A\Ii)g‘i’& T

— 15

PHOTOELECTRIC o
CONVERSION LAYER (B)

— 18

PHOTOELECTRIC
CONVERSION LAYER (R}

19

50



Patent Application Publication  Sep. 17,2020 Sheet 8 of 12 US 2020/0295074 A1

UPPER TRANSPARENT ELECTRODE 4 61

LOWER TRANSPARENT ELECTRODE - 64

INTERLAYER INSULATING FiLM = 65

UPPER TRANSPARENT ELECTRODE ~t 66

»»»»» PHOTOELECTRIC * o
- CONVERSION FILM (G) 67

LOWER TRANSPARENT ELECTRODE 69

INTERLAYER INSULATING FILM - —— 70

PHOTOELECTRIC —~~—T1
CONVERSION LAYER (R) T




Patent Application Publication

Sep. 17,2020 Sheet 9 of 12

FIG. A

US 2020/0295074 A1




Patent Application Publication  Sep. 17,2020 Sheet 10 of 12  US 2020/0295074 A1

FiG. 10

LIGHT

UPPER TRANSPARENT ELECTRODE ~- 81
ﬁ;?jij??’?'3‘3"‘P'H”O?O‘ELECTREC' S
"7 CONVERSION FILM (R) A

LOWER TRANSPARENT ELECTRODE Y- 84

INTERLAYER INSULATING FILM -~} 85

UPPER TRANSPARENT ELECTRODE - 86

LOWER TRANSPARENT ELECTRODE -89

INTERLAYER INSULATING FILM 80

PHOTOELECTRIC —~_ 01
CONVERSION LAYER (B) ~




Patent Application Publication  Sep. 17,2020 Sheet 11 of 12 US 2020/0295074 A1

FIE. 11A
&
121
YR #, ;
q‘g ;i & LZZ
% Py
‘h. - : *
N““::&“&*W«@*w%&'#
FIG. 118

PEAK IS IMPROVED

/8

COLOR MIXING

" IS REDUCED

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,




US 2020/0295074 A1

Sep. 17,2020 Sheet 12 of 12

Patent Application Publication

o
N WEELET

e
<4t ST Y HMOBNIS
sm!...m émwmwumﬁm AOH 3oy
hY
YD HLTYEH ONY
V3 TYOIGAN
e,




US 2020/0295074 Al

SOLID-STATE IMAGE SENSOR AND
ELECTRONIC APPARATUS

TECHNICAL FIELD

[0001] The present disclosure relates to a solid-state image
sensor and an electronic apparatus, and particularly relates to
a solid-state image sensor of a vertical spectral diffraction
type that can generate color signals of red (R), green (G),
and blue (B) from a region of one pixel, and an electronic
apparatus.

BACKGROUND ART

[0002] There has been proposed a solid-state image sensor
of a vertical spectral diffraction type that can generate a
plurality of color signals from a region of one pixel, which
is obtained by stacking a plurality of photoelectric conver-
sion units (e.g., organic photoelectric conversion films and
photodiodes (PDs)) in the depth direction of a substrate, for
example.

[0003] A solid-state image sensor of a vertical spectral
diffraction type has the following advantages: false color is
unlikely to occur because demosaic processing is not
needed, and usage efficiency of light is higher than that of a
conventional individual image sensor that generates a color
signal of one of R, G, and B from a region of one pixel.
[0004] In a vertical spectral diffraction type, however, the
influence in color separation characteristics on a lower layer
needs to be taken into consideration. Specifically, light that
cannot be absorbed by a photoelectric conversion unit on the
upper layer side may proceed to a photoelectric conversion
unit on the lower layer side to serve as a color mixing
component and be converted to charge. To prevent this,
forming a color separation correction layer that limits pas-
sage of light in a specific wavelength range between layers
of the photoelectric conversion units has been proposed
(e.g., see Patent Literature 1).

[0005] FIG. 1 illustrates an example of a configuration of
an individual image sensor of a vertical spectral diffraction
type that includes an existing color separation correction
layer.

[0006] This solid-state image sensor 10 includes an on-
chip lens 11, an upper transparent electrode 12, a photoelec-
tric conversion film (G) 13 that performs photoelectric
conversion on light in a G wavelength range, a lower
transparent electrode 14, an interlayer insulating layer 15, a
photoelectric conversion layer (B) 18 that performs photo-
electric conversion on light in a B wavelength range, and a
photoelectric conversion layer (R) 19 that performs photo-
electric conversion on light in a R wavelength range, which
are stacked in sequence from the light incident surface side.
[0007] In the interlayer insulating layer 15 are formed a
spectral correction color filter 16 corresponding to the color
separation correction layer, and a through electrode 17
configured to transfer charge obtained by conversion by the
photoelectric conversion film (G) 13 to a wiring layer (not
illustrated).

[0008] In the solid-state image sensor 10, a G component
of incident light collected by the on-chip lens 11 is photo-
electrically converted by the photoelectric conversion film
(G) 13, and a wavelength of light that has passed through the
photoelectric conversion film (G) 13 is limited by the
spectral correction color filter 16. Furthermore, a B compo-
nent and an R component of light that has passed through the
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spectral correction color filter 16 are photoelectrically con-
verted respectively by the photoelectric conversion layer (B)
18 and the photoelectric conversion layer (R) 19.

CITATION LIST

Patent Literature

[0009] Patent Literature 1: JP 2007-287930A
DISCLOSURE OF INVENTION
Technical Problem
[0010] However, in the case of forming the spectral cor-

rection color filter 16 as the color separation correction layer,
its pigment concentration is generally approximately 50% at
most and thus the spectral correction color filter 16 is
difficult to make thinner; accordingly, the film thickness of
the interlayer insulating film 15 also becomes large. More-
over, it is necessary to planarize the interlayer insulating film
15 by chemical mechanical planarization (CMP) after the
formation of the spectral correction color filter 16, which
also requires thickness of the interlayer insulating film 15.
[0011] In the case where the thickness of the interlayer
insulating film 15 is maintained in view of the above
circumstances, an optical path from the light incident surface
to the photoelectric conversion layer (B) 18 and the photo-
electric conversion layer (R) 19 on the lower layer side
becomes long, which may lead to a decrease in light
collection efficiency and degradation in oblique light resis-
tance. In addition, a reduction in the height of the solid-state
image sensor 10 is inhibited.

[0012] Furthermore, the spectral correction color filter 16
present on the lower layer side causes constraints on a
formation step of the lower transparent electrode 14.
[0013] The present disclosure has been made in view of
such circumstances, and aims to make an interlayer insulat-
ing film thinner to suppress a decrease in light collection
efficiency and degradation in oblique light resistance and
enable a reduction in the height of a solid-state image sensor.

Solution to Problem

[0014] A solid-state image sensor according to a first
aspect of the present disclosure is a solid-state image sensor
of a vertical spectral diffraction type in which a plurality of
photoelectric conversion units are stacked in a region of
each pixel, the solid-state image sensor including: a first
photoelectric conversion module that includes a first pho-
toelectric conversion unit configured to perform photoelec-
tric conversion on light in a first wavelength range of
incident light, a first upper electrode and a first lower
electrode formed with the first photoelectric conversion unit
placed between the first upper electrode and the first lower
electrode, and a first spectral correction unit formed between
the first upper electrode and the first lower electrode to be
stacked on the first photoelectric conversion unit; and a
second photoelectric conversion unit configured to perform
photoelectric conversion on light in a second wavelength
range of light that has passed through the first photoelectric
conversion module, the second wavelength range being
different from the first wavelength range.

[0015] The solid-state image sensor according to the first
aspect of the present disclosure can further include a third
photoelectric conversion unit configured to perform photo-
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electric conversion on light in a third wavelength range of
light that has passed through the first photoelectric conver-
sion module and the second photoelectric conversion unit,
the third wavelength range being different from the first and
second wavelength ranges.

[0016] The first spectral correction unit can have at least
one of a function of extracting a carrier from the first
photoelectric conversion unit and a function of blocking
electron injection to the first photoelectric conversion unit.
[0017] The first spectral correction unit can be made of a
quantum dot material, a low-molecular organic material, or
a high-molecular organic material having a light absorption
peak in a specific wavelength range.

[0018] In the first photoelectric conversion module, the
first upper electrode, the first photoelectric conversion unit,
the first spectral correction unit, and the first lower electrode
can be stacked in sequence from a light incident side.
[0019] The first photoelectric conversion module can fur-
ther include a hole blocking unit, and the first upper elec-
trode, the hole blocking unit, the first photoelectric conver-
sion unit, the first spectral correction unit, and the first lower
electrode can be stacked in sequence from a light incident
side.

[0020] The first photoelectric conversion module can fur-
ther include a second spectral correction unit, and the first
upper electrode, the second spectral correction unit, the first
photoelectric conversion unit, the first spectral correction
unit, and the first lower electrode can be stacked in sequence
from a light incident side.

[0021] The solid-state image sensor according to the first
aspect of the present disclosure can further include a second
photoelectric conversion module that includes a third pho-
toelectric conversion unit configured to perform photoelec-
tric conversion on light in a third wavelength range of light
that has passed through the first photoelectric conversion
module, the third wavelength range being different from the
first wavelength range, a second upper electrode and a
second lower electrode formed with the third photoelectric
conversion unit placed between the second upper electrode
and the second lower electrode, and a third spectral correc-
tion unit formed between the second upper electrode and the
second lower electrode to be stacked on the third photoelec-
tric conversion unit. The second photoelectric conversion
unit can perform photoelectric conversion on light in the
second wavelength range of light that has passed through the
first and second photoelectric conversion modules.

[0022] An electronic apparatus according to a second
aspect of the present disclosure is an electronic apparatus
equipped with a solid-state image sensor of a vertical
spectral diffraction type in which a plurality of photoelectric
conversion units are stacked in a region of each pixel.
[0023] The solid-state image sensor includes a first pho-
toelectric conversion module that includes a first photoelec-
tric conversion unit configured to perform photoelectric
conversion on light in a first wavelength range of incident
light, a first upper electrode and a first lower electrode
formed with the first photoelectric conversion unit placed
between the first upper electrode and the first lower elec-
trode, and a first spectral correction unit formed between the
first upper electrode and the first lower electrode to be
stacked on the first photoelectric conversion unit, and a
second photoelectric conversion unit configured to perform
photoelectric conversion on light in a second wavelength
range of light that has passed through the first photoelectric
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conversion module, the second wavelength range being
different from the first wavelength range.

Advantageous Effects of Invention

[0024] According to the first and second aspects of the
present disclosure, a decrease in light collection efficiency
and degradation in oblique light resistance can be sup-
pressed, and a solid-state image sensor can be reduced in

height.
BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG. 1 is a cross-sectional view illustrating an
example of a configuration of a solid-state image sensor of
a vertical spectral diffraction type that includes an existing
color separation correction layer.

[0026] FIG. 2 is a cross-sectional view illustrating a first
configuration example of a solid-state image sensor to which
the present disclosure is applied.

[0027] FIG. 3 is an energy diagram of a spectral correction
buffer.
[0028] FIG. 4 illustrates a spectral correction function of

a spectral correction buffer.

[0029] FIG. 5 is a cross-sectional view illustrating a sec-
ond configuration example of a solid-state image sensor to
which the present disclosure is applied.

[0030] FIG. 6 is an energy diagram of a hole blocking
layer and a spectral correction buffer.

[0031] FIG. 7 is a cross-sectional view illustrating a third
configuration example of a solid-state image sensor to which
the present disclosure is applied.

[0032] FIG. 8 is a cross-sectional view illustrating a fourth
configuration example of a solid-state image sensor to which
the present disclosure is applied.

[0033] FIG. 9 illustrates a spectral correction function of
spectral correction buffers of FIG. 8.

[0034] FIG. 10 is a cross-sectional view illustrating a fifth
configuration example of a solid-state image sensor to which
the present disclosure is applied.

[0035] FIG. 11 illustrates a spectral correction function of
spectral correction buffers of FIG. 10.

[0036] FIG. 12 illustrates a usage example of an electronic
apparatus to which the present disclosure is applied.

MODE(S) FOR CARRYING OUT THE
INVENTION

[0037] Hereinafter, best modes (hereinafter called
embodiments) for carrying out the present disclosure will be
described in detail with reference to the drawings.

First Embodiment

[0038] FIG. 2 is a cross-sectional view illustrating a first
configuration example (first embodiment) of a solid-state
image sensor to which the present disclosure is applied. Note
that components shared by a solid-state image sensor 30,
which is the first embodiment, and the solid-state image
sensor 10 described above are denoted by the same reference
numerals, and description thereof is omitted as appropriate.
[0039] This solid-state image sensor 30 includes the on-
chip lens 11, the upper transparent electrode 12, the photo-
electric conversion film (G) 13, a spectral correction buffer
31, the lower transparent electrode 14, the interlayer insu-
lating layer 15, the photoelectric conversion layer (B) 18,
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and the photoelectric conversion layer (R) 19, which are
stacked in sequence from the light incident surface side.
[0040] In the interlayer insulating layer 15 is formed the
through electrode 17 configured to transfer charge obtained
by conversion by the photoelectric conversion film (G) 13 to
a wiring layer (not illustrated).

[0041] That is, the solid-state image sensor 30 is obtained
by deleting the spectral correction color filter 16 from the
interlayer insulating film 15 of the solid-state image sensor
10 illustrated in FIG. 1 and, instead, forming the spectral
correction buffer 31 between the photoelectric conversion
film (G) 13 and the lower transparent electrode 14.

[0042] In the solid-state image sensor 30, a photoelectric
conversion module is constituted by the upper transparent
electrode 12, the photoelectric conversion film (G) 13, the
spectral correction buffer 31, and the lower transparent
electrode 14.

[0043] A material for the upper transparent electrode 12
and the lower transparent electrode 14 preferably has a
bandgap of at least 2.5 eV or more, preferably 3.1 eV or
more, and is preferably transparent with respect to light of
a wavelength in a visible range 400 to 700 nm. Specifically
examples include ITO, 170, IGZO, and GZO.

[0044] A material for the spectral correction buffer 31 is
preferably a material having a light absorption peak in a
specific wavelength range. Examples include a quantum dot
material, a low-molecular organic material, and a high-
molecular organic material. Specifically, quantum dot mate-
rials include ZnSe and CdSe. Low-molecular organic mate-
rials and high-molecular organic materials include a
carbazole derivative, an amine derivative, a naphthalene
diimide derivative, a phthalocyanine derivative, a thiophene
derivative, a quinacridone derivative, and a fullerene deriva-
tive.

[0045] In the case where the spectral correction buffer 31
is formed by evaporatively depositing the above material
with a concentration of 100%, its thickness can be smaller
than that of the spectral correction color filter 16 of FIG. 1.
[0046] The spectral correction buffer 31 performs spectral
correction by absorbing a wavelength range different from a
wavelength range in which the photoelectric conversion film
(G) 13 performs photoelectric conversion; hence, it is pref-
erable that photoelectric conversion not be performed in the
spectral correction buffer 31.

[0047] Next, FIG. 3 is an energy diagram illustrating
requirements of carrier behavior in the spectral correction
buffer 31.

[0048] As illustrated in the drawing, the spectral correc-
tion buffer 31 has, in addition to a spectral correction
function of limiting passage of light in a specific wavelength
range, a function of extracting carriers from the photoelec-
tric conversion film (G) 13 and an electron injection block-
ing function of preventing injection of electrons from the
lower transparent electrode 14 to the photoelectric conver-
sion film (G) 13.

[0049] An electron injection barrier, which is an energy
difference between a lowest unoccupied molecular orbital
(LUMO) level of the spectral correction buffer 31 and the
lower transparent electrode 14, to enable the electron injec-
tion blocking function is at least 1.0 eV or more, 1.5 eV or
more if possible, preferably 2.0 eV or more; thus, dark
current can be suppressed sufficiently.

[0050] In the case where the lower transparent electrode
14 is made of ITO, its work function is approximately 5 eV;
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hence, the LUMO level of the spectral correction buffer 31
is preferably around 3.0 eV. Furthermore, in consideration of
a junction between a highest occupied molecular orbital
(HOMO) level and the lower transparent electrode 14, the
HOMO level of the spectral correction buffer 31 is required
to be equivalent to or lower than the lower transparent
electrode 14.

[0051] Next, FIG. 4 illustrates a spectral correction func-
tion of the spectral correction buffer 31, and the horizontal
axis and the vertical axis represent wavelength and intensity,
respectively.

[0052] In A of the drawing, a curve B, a curve G, and a
curve R indicate, respectively, a wavelength range of light
that enters the photoelectric conversion layer (B) 18, a
wavelength range of light that enters the photoelectric
conversion film (G) 13, and a wavelength range of light that
enters the photoelectric conversion layer (R) 19, in a state
where the spectral correction buffer 31 is omitted from the
solid-state image sensor 30.

[0053] A curve L1 in B of the drawing indicates a wave-
length range that the spectral correction buffer 31 absorbs
(limits passage of). In C of the drawing, a curve B, a curve
G, and a curve R indicate, respectively, a wavelength range
of light that enters the photoelectric conversion layer (B) 18,
a wavelength range of light that enters the photoelectric
conversion film (G) 13, and a wavelength range of light that
enters the photoelectric conversion layer (R) 19, in the
solid-state image sensor 30.

[0054] For example, in the case where a peak of the
wavelength range of light that enters the photoelectric
conversion layer (B) 18 spreads on the low wavelength side,
as indicated by the curve B in A of the drawing, the spectral
correction buffer 31 that absorbs the low wavelength side of
the peak of blue light as indicated by the curve L1 in B of
the drawing is used. This improves the spectral shape of light
that enters the photoelectric conversion layer (B) 18, as
illustrated in C of the drawing.

[0055] According to the solid-state image sensor 30, the
spectral correction buffer 31 is formed in the photoelectric
conversion module, which eliminates the need to form the
spectral correction color filter 16 in the interlayer insulating
film 15; thus, the interlayer insulating film 15 can be made
thinner. In addition, the photoelectric conversion module
including the spectral correction buffer 31 can be formed
consistently, which reduces the number of steps as a whole.
It is also possible to improve heat resistance of a formation
step of the lower transparent electrode 14 and a margin
related to patterning etc. Furthermore, a height reduction can
be achieved as compared with the solid-state image sensor
10; thus, light collection efficiency and oblique light resis-
tance can be improved.

Second Embodiment

[0056] FIG. 5 is a cross-sectional view illustrating a sec-
ond configuration example (second embodiment) of a solid-
state image sensor to which the present disclosure is applied.
Note that components shared by a solid-state image sensor
40, which is the second embodiment, and the solid-state
image sensors 10 and 30 described above are denoted by the
same reference numerals, and description thereof is omitted
as appropriate.

[0057] This solid-state image sensor 40 is obtained by
adding, to the solid-state image sensor 30 illustrated in FIG.
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2, a hole blocking layer 41 between the upper transparent
electrode 12 and the photoelectric conversion film (G) 13.
[0058] In the solid-state image sensor 40, a photoelectric
conversion module is constituted by the upper transparent
electrode 12, the hole blocking layer 41, the photoelectric
conversion film (G) 13, the spectral correction buffer 31, and
the lower transparent electrode 14.

[0059] The hole blocking layer 41 is not required to have
a spectral correction function; hence, as its material, it is
possible to use NiO, ZnO, or the like as an inorganic oxide
film semiconductor, as well as the same material as the
material of the spectral correction buffer 31. Note that the
hole blocking layer 41 may be formed using a single
material, or may have a stacked structure including a plu-
rality of materials.

[0060] Next, FIG. 6 is an energy diagram illustrating
requirements of carrier behavior in the hole blocking layer
41 and the spectral correction buffer 31.

[0061] As illustrated in the drawing, the hole blocking
layer 41 has a dark current suppressing blocking function of
preventing injection of holes from the upper transparent
electrode 12 to the photoelectric conversion film (G) 13. For
the hole blocking layer 41 to function sufficiently, it is
preferable that the HOMO level of the hole blocking layer
41 be at least 1.0 eV or more, 1.5 eV or more if possible,
preferably 2.0 eV or more from the upper transparent
electrode 12.

[0062] The spectral correction buffer 31 is similar to that
in the case described above with reference to FIG. 3.
[0063] According to the solid-state image sensor 40, the
spectral correction buffer 31 and the hole blocking layer 41
are formed in the photoelectric conversion module; thus, in
addition to effects similar to those of the solid-state image
sensor 30, conversion efficiency in the photoelectric con-
version film (G) 13 can be further improved.

Third Embodiment

[0064] FIG. 7 is a cross-sectional view illustrating a third
configuration example (third embodiment) of a solid-state
image sensor to which the present disclosure is applied. Note
that components shared by a solid-state image sensor 50,
which is the third embodiment, and the solid-state image
sensors 10, 30, and 40 described above are denoted by the
same reference numerals, and description thereof is omitted
as appropriate.

[0065] This solid-state image sensor 50 is obtained by
replacing the hole blocking layer 41 of the solid-state image
sensor 40 illustrated in FIG. 5 with a spectral correction
buffer 51.

[0066] In the solid-state image sensor 50, a photoelectric
conversion module is constituted by the upper transparent
electrode 12, the spectral correction buffer 51, the photo-
electric conversion film (G) 13, the spectral correction buffer
31, and the lower transparent electrode 14.

[0067] The spectral correction buffer 51 can be formed by
a material similar to that of the spectral correction buffer 31.
[0068] According to the solid-state image sensor 50, the
spectral correction buffers 51 and 31 are formed in the
photoelectric conversion module; thus, effects similar to
those of the solid-state image sensor 40 can be obtained.
However, since the spectral correction buffer 51 is provided,
the amount of incident light on the lower layer side with
respect to the spectral correction buffer 51 decreases to some
extent.
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Fourth Embodiment

[0069] Next, FIG. 8 is a cross-sectional view illustrating a
fourth configuration example (fourth embodiment) of a
solid-state image sensor to which the present disclosure is
applied. Note that components shared by a solid-state image
sensor 60, which is the fourth embodiment, and the solid-
state image sensors 10, 30, 40, and 50 described above are
denoted by the same reference numerals, and description
thereof is omitted as appropriate.

[0070] This solid-state image sensor 60 includes the on-
chip lens 11, an upper transparent electrode 61, a spectral
correction buffer 62, a photoelectric conversion film (B) 63
that performs photoelectric conversion on light in a B
wavelength range, a lower transparent electrode 64, an
interlayer insulating layer 65, an upper transparent electrode
66, a photoelectric conversion film (G) 67 that performs
photoelectric conversion on light in a G wavelength range,
a spectral correction buffer 68, a lower transparent electrode
69, an interlayer insulating layer 70, and a photoelectric
conversion layer (R) 71 that performs photoelectric conver-
sion on light in a R wavelength range, which are stacked in
sequence from the light incident surface side.

[0071] Note that in each of the photoelectric conversion
film (B) 63 and the photoelectric conversion film (G) 67 is
formed a through electrode (not illustrated) configured to
transfer charge obtained by conversion to a wiring layer.
[0072] In the solid-state image sensor 60, a first photo-
electric conversion module is constituted by the upper
transparent electrode 61, the spectral correction buffer 62,
the photoelectric conversion film (B) 63, and the lower
transparent electrode 64. In addition, a second photoelectric
conversion module is constituted by the upper transparent
electrode 66, the photoelectric conversion film (G) 67, the
spectral correction buffer 68, and the lower transparent
electrode 69.

[0073] A material for the upper transparent electrode 61
etc. and the lower transparent electrode 64 etc. is similar to
that of the upper transparent electrode 12 and the lower
transparent electrode 14 in the solid-state image sensor 30
described above. Similarly, a material for the spectral cor-
rection buffer 62 etc. is similar to that of the spectral
correction buffer 31 in the solid-state image sensor 30
described above.

[0074] Next, FIG. 9 illustrates a spectral correction func-
tion of the spectral correction buffers 62 and 68 in the
solid-state image sensor 60, and the horizontal axis and the
vertical axis represent wavelength and intensity, respec-
tively.

[0075] In A of the drawing, a curve B, a curve G, and a
curve R indicate, respectively, a wavelength range of light
that enters the photoelectric conversion film (B) 63, a
wavelength range of light that enters the photoelectric
conversion film (G) 67, and a wavelength range of light that
enters the photoelectric conversion layer (R) 71, in a state
where the spectral correction buffers 62 and 68 are omitted
from the solid-state image sensor 60.

[0076] A curve 111 in B of the drawing indicates a
wavelength range that the spectral correction buffer 62
absorbs (limits passage of). A curve L.12 indicates a wave-
length range that the spectral correction buffer 68 absorbs
(limits passage of).

[0077] In C of the drawing, a curve B, a curve G, and a
curve R indicate, respectively, a wavelength range of light
that enters the photoelectric conversion film (B) 63, a
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wavelength range of light that enters the photoelectric
conversion film (G) 67, and a wavelength range of light that
enters the photoelectric conversion layer (R) 71, in the
solid-state image sensor 60.

[0078] For example, in the case where a peak of the
wavelength range of light that enters the photoelectric
conversion layer (B) 18 spreads on the low wavelength side,
as indicated by the curve B in A of the drawing, the spectral
correction buffer 31 that absorbs the low wavelength side of
the peak of blue light as indicated by the curve 11 in B of
the drawing is used. In addition, in the case where absorption
leakage has occurred at the cross-point of the B wavelength
range and the G wavelength range, as indicated by the curve
R in A of the drawing, the spectral correction buffer 68 that
absorbs light in a wavelength range where absorption leak-
age has occurred as indicated by the curve .12 in B of the
drawing is used.

[0079] Thus, as illustrated in C of the drawing, a peak of
wavelength of light that enters the photoelectric conversion
film (B) 63 can be improved. In addition, color mixing in the
photoelectric conversion layer (R) 71 can be reduced.
[0080] According to the solid-state image sensor 60, a
height reduction can be achieved as compared with the
solid-state image sensor 10, and light collection efficiency
and oblique light resistance can be improved, as in the
solid-state image sensor 30 and the like described above.

Fifth Embodiment

[0081] Next, FIG. 10 is a cross-sectional view illustrating
a fifth configuration example (fitth embodiment) of a solid-
state image sensor to which the present disclosure is applied.
Note that components shared by a solid-state image sensor
80, which is the fifth embodiment, and the solid-state image
sensors 10, 30, 40, 50, and 60 described above are denoted
by the same reference numerals, and description thereof is
omitted as appropriate.

[0082] This solid-state image sensor 80 includes the on-
chip lens 11, an upper transparent electrode 81, a photoelec-
tric conversion film (R) 82 that performs photoelectric
conversion on light in a R wavelength range, a spectral
correction buffer 83, a lower transparent electrode 84, an
interlayer insulating layer 85, an upper transparent electrode
86, a photoelectric conversion film (G) 87 that performs
photoelectric conversion on light in a G wavelength range,
a spectral correction buffer 88, a lower transparent electrode
89, an interlayer insulating layer 90, and a photoelectric
conversion layer (R) 91 that performs photoelectric conver-
sion on light in a B wavelength range, which are stacked in
sequence from the light incident surface side.

[0083] Note that in each of the photoelectric conversion
film (R) 82 and the photoelectric conversion film (G) 87 is
formed a through electrode (not illustrated) configured to
transfer charge obtained by conversion to a wiring layer.
[0084] In the solid-state image sensor 80, a first photo-
electric conversion module is constituted by the upper
transparent electrode 81, the photoelectric conversion film
(R) 82, the spectral correction buffer 83, and the lower
transparent electrode 84. In addition, a second photoelectric
conversion module is constituted by the upper transparent
electrode 86, the photoelectric conversion film (G) 87, the
spectral correction buffer 88, and the lower transparent
electrode 89.

[0085] A material for the upper transparent electrode 81
etc. and the lower transparent electrode 84 etc. is similar to

Sep. 17, 2020

that of the upper transparent electrode 12 and the lower
transparent electrode 14 in the solid-state image sensor 30
described above. Similarly, a material for the spectral cor-
rection buffer 83 etc. is similar to that of the spectral
correction buffer 31 in the solid-state image sensor 30
described above.

[0086] Next, FIG. 11 illustrates a spectral correction func-
tion of the spectral correction buffers 83 and 88 in the
solid-state image sensor 80, and the horizontal axis and the
vertical axis represent wavelength and intensity, respec-
tively.

[0087] In A of the drawing, a curve B, a curve G, and a
curve R indicate, respectively, a wavelength range of light
that enters the photoelectric conversion layer (B) 91, a
wavelength range of light that enters the photoelectric
conversion film (G) 87, and a wavelength range of light that
enters the photoelectric conversion film (R) 82, in a state
where the spectral correction buffers 83 and 88 are omitted
from the solid-state image sensor 80.

[0088] A curve L21 in B of the drawing indicates a
wavelength range that the spectral correction buffer 83
absorbs (limits passage of). A curve 122 indicates a wave-
length range that the spectral correction buffer 88 absorbs
(limits passage of).

[0089] In C of the drawing, a curve B, a curve G, and a
curve R indicate, respectively, a wavelength range of light
that enters the photoelectric conversion layer (B) 91, a
wavelength range of light that enters the photoelectric
conversion film (G) 87, and a wavelength range of light that
enters the photoelectric conversion film (R) 82, in the
solid-state image sensor 80.

[0090] For example, in the case where a peak of the
wavelength range of light that enters the photoelectric
conversion layer (B) 91 spreads on the low wavelength side,
and furthermore, absorption leakage has occurred at the
cross-point of the G wavelength range and the R wavelength
range, as indicated by the curve B in A of the drawing, the
spectral correction buffer 88 that absorbs the low wave-
length side of the peak of blue light as indicated by the curve
122 in B of the drawing and the spectral correction buffer 83
that absorbs light in a wavelength range where absorption
leakage has occurred as indicated by the curve .21 are used.
[0091] Thus, as illustrated in C of the drawing, a peak of
wavelength of light that enters the photoelectric conversion
layer (B) 91 can be improved, and color mixing in the
photoelectric conversion layer (B) 91 can be reduced.
[0092] According to the solid-state image sensor 80, a
height reduction can be achieved as compared with the
solid-state image sensor 10, and light collection efficiency
and oblique light resistance can be improved, as in the
solid-state image sensor 30 and the like described above.

Usage Example of Solid-State Image Sensor
According to Embodiment of Present Disclosure

[0093] FIG. 12 illustrates a usage example of the above-
described solid-state image sensors 30 to 80.

[0094] The solid-state image sensors 30 to 80 can be, for
example, used in various cases in which light such as visible
light, infrared light, ultraviolet light and X-ray is sensed as
described below.

Devices that take images used for viewing, such as a digital
camera and a portable appliance with a camera function.
Devices used for traffic, such as an in-vehicle sensor that
takes images of the front and the back of a car, surroundings,
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the inside of the car, and the like, a monitoring camera that
monitors travelling vehicles and roads, and a distance sensor
that measures distances between vehicles and the like, which
are used for safe driving (e.g., automatic stop), recognition
of the condition of a driver, and the like.

Devices used for home electrical appliances, such as a TV,
a refrigerator, and an air conditioner, to takes images of a
gesture of a user and perform appliance operation in accor-
dance with the gesture.

Devices used for medical care and health care, such as an
endoscope and a device that performs angiography by
reception of infrared light.

Devices used for security, such as a monitoring camera for
crime prevention and a camera for personal authentication.
Devices used for beauty care, such as skin measurement
equipment that takes images of the skin and a microscope
that takes images of the scalp.

Devices used for sports, such as an action camera and a
wearable camera for sports and the like.

Devices used for agriculture, such as a camera for monitor-
ing the condition of the field and crops.

[0095] An embodiment of the disclosure is not limited to
the embodiments described above, and various changes and
modifications may be made without departing from the
scope of the disclosure.

[0096] Additionally, the present technology may also be
configured as below.

M

[0097] A solid-state image sensor of a vertical spectral

diffraction type in which a plurality of photoelectric con-
version units are stacked in a region of each pixel, the
solid-state image sensor including:

[0098] a first photoelectric conversion module that
includes a first photoelectric conversion unit configured to
perform photoelectric conversion on light in a first wave-
length range of incident light, a first upper electrode and a
first lower electrode formed with the first photoelectric
conversion unit placed between the first upper electrode and
the first lower electrode, and a first spectral correction unit
formed between the first upper electrode and the first lower
electrode to be stacked on the first photoelectric conversion
unit; and

[0099] a second photoelectric conversion unit configured
to perform photoelectric conversion on light in a second
wavelength range of light that has passed through the first
photoelectric conversion module, the second wavelength
range being different from the first wavelength range.

)

[0100] The solid-state image sensor according to (1),
further including

[0101] a third photoelectric conversion unit configured to
perform photoelectric conversion on light in a third wave-
length range of light that has passed through the first
photoelectric conversion module and the second photoelec-
tric conversion unit, the third wavelength range being dif-
ferent from the first and second wavelength ranges.

3)

[0102] The solid-state image sensor according to (1) or
(2), in which the first spectral correction unit has at least one
of a function of extracting a carrier from the first photoelec-
tric conversion unit and a function of blocking electron
injection to the first photoelectric conversion unit.
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4)

[0103] The solid-state image sensor according to any one
of (1) to (3), in which the first spectral correction unit is
made of a quantum dot material, a low-molecular organic
material, or a high-molecular organic material having a light
absorption peak in a specific wavelength range.

)

[0104] The solid-state image sensor according to any one
of (1) to (4), in which in the first photoelectric conversion
module, the first upper electrode, the first photoelectric
conversion unit, the first spectral correction unit, and the first
lower electrode are stacked in sequence from a light incident
side.

(6)

[0105] The solid-state image sensor according to any one
of (1) to (5), in which the first photoelectric conversion
module further includes a hole blocking unit, and the first
upper electrode, the hole blocking unit, the first photoelec-
tric conversion unit, the first spectral correction unit, and the
first lower electrode are stacked in sequence from a light
incident side.

(7

[0106] The solid-state image sensor according to any one
of (1) to (5), in which the first photoelectric conversion
module further includes a second spectral correction unit,
and the first upper electrode, the second spectral correction
unit, the first photoelectric conversion unit, the first spectral
correction unit, and the first lower electrode are stacked in
sequence from a light incident side.

®)

[0107] The solid-state image sensor according to any one
of (1) and (3) to (7), further including

[0108] a second photoelectric conversion module that
includes a third photoelectric conversion unit configured to
perform photoelectric conversion on light in a third wave-
length range of light that has passed through the first
photoelectric conversion module, the third wavelength range
being different from the first wavelength range, a second
upper electrode and a second lower electrode formed with
the third photoelectric conversion unit placed between the
second upper electrode and the second lower electrode, and
a third spectral correction unit formed between the second
upper electrode and the second lower electrode to be stacked
on the third photoelectric conversion unit,

[0109] in which the second photoelectric conversion unit
performs photoelectric conversion on light in the second
wavelength range of light that has passed through the first
and second photoelectric conversion modules.

©)

[0110] An electronic apparatus equipped with a solid-state
image sensor of a vertical spectral diffraction type in which
a plurality of photoelectric conversion units are stacked in a
region of each pixel,

[0111] in which the solid-state image sensor includes
[0112] a first photoelectric conversion module that
includes a first photoelectric conversion unit configured to
perform photoelectric conversion on light in a first wave-
length range of incident light, a first upper electrode and a
first lower electrode formed with the first photoelectric
conversion unit placed between the first upper electrode and
the first lower electrode, and a first spectral correction unit
formed between the first upper electrode and the first lower
electrode to be stacked on the first photoelectric conversion
unit, and
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[0113] a second photoelectric conversion unit configured
to perform photoelectric conversion on light in a second
wavelength range of light that has passed through the first
photoelectric conversion module, the second wavelength
range being different from the first wavelength range.

REFERENCE SIGNS LIST

[0114] 11 chip-on lens

[0115] 12 upper transparent electrode

[0116] 13 photoelectric conversion film (G)
[0117] 14 lower transparent electrode

[0118] 15 interlayer insulating film

[0119] 17 through electrode

[0120] 18 photoelectric conversion layer (B)
[0121] 19 photoelectric conversion layer (R)
[0122] 30 solid-state image sensor

[0123] 31 spectral correction buffer

[0124] 40 solid-state image sensor

[0125] 41 hole blocking layer

[0126] 50 solid-state image sensor

[0127] 51 spectral correction buffer

[0128] 60 solid-state image sensor

[0129] 80 solid-state image sensor

1. A solid-state image sensor of a vertical spectral dif-
fraction type in which a plurality of photoelectric conversion
units are stacked in a region of each pixel, the solid-state
image sensor comprising:

a first photoelectric conversion module that includes a
first photoelectric conversion unit configured to per-
form photoelectric conversion on light in a first wave-
length range of incident light, a first upper electrode
and a first lower electrode formed with the first pho-
toelectric conversion unit placed between the first
upper electrode and the first lower electrode, and a first
spectral correction unit formed between the first upper
electrode and the first lower electrode to be stacked on
the first photoelectric conversion unit, the first spectral
correction unit being made of one of a quantum dot
material, a low-molecular organic material, and a high-
molecular organic material; and

a second photoelectric conversion unit configured to
perform photoelectric conversion on light in a second
wavelength range of light that has passed through the
first photoelectric conversion module, the second
wavelength range being different from the first wave-
length range.

2. The solid-state image sensor according to claim 1,

further comprising

a third photoelectric conversion unit configured to per-
form photoelectric conversion on light in a third wave-
length range of light that has passed through the first
photoelectric conversion module and the second pho-
toelectric conversion unit, the third wavelength range
being different from the first and second wavelength
ranges.

3. The solid-state image sensor according to claim 2,
wherein the first spectral correction unit has at least one of
a function of extracting a carrier from the first photoelectric
conversion unit and a function of blocking electron injection
to the first photoelectric conversion unit.

4. The solid-state image sensor according to claim 2,
wherein the first spectral correction unit is made of a
quantum dot material, a low-molecular organic material, or
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a high-molecular organic material having a light absorption
peak in a specific wavelength range.

5. The solid-state image sensor according to claim 2,
wherein in the first photoelectric conversion module, the
first upper electrode, the first photoelectric conversion unit,
the first spectral correction unit, and the first lower electrode
are stacked in sequence from a light incident side.

6. The solid-state image sensor according to claim 2,
wherein the first photoelectric conversion module further
includes a hole blocking unit, and the first upper electrode,
the hole blocking unit, the first photoelectric conversion
unit, the first spectral correction unit, and the first lower
electrode are stacked in sequence from a light incident side.

7. The solid-state image sensor according to claim 2,
wherein the first photoelectric conversion module further
includes a second spectral correction unit, and the first upper
electrode, the second spectral correction unit, the first pho-
toelectric conversion unit, the first spectral correction unit,
and the first lower electrode are stacked in sequence from a
light incident side.

8. The solid-state image sensor according to claim 1,
further comprising

a second photoelectric conversion module that includes a

third photoelectric conversion unit configured to per-
form photoelectric conversion on light in a third wave-
length range of light that has passed through the first
photoelectric conversion module, the third wavelength
range being different from the first wavelength range, a
second upper electrode and a second lower electrode
formed with the third photoelectric conversion unit
placed between the second upper electrode and the
second lower electrode, and a third spectral correction
unit formed between the second upper electrode and the
second lower electrode to be stacked on the third
photoelectric conversion unit,

wherein the second photoelectric conversion unit per-

forms photoelectric conversion on light in the second
wavelength range of light that has passed through the
first and second photoelectric conversion modules.

9. An electronic apparatus equipped with a solid-state
image sensor of a vertical spectral diffraction type in which
a plurality of photoelectric conversion units are stacked in a
region of each pixel,

wherein the solid-state image sensor includes

a first photoelectric conversion module that includes a

first photoelectric conversion unit configured to per-
form photoelectric conversion on light in a first wave-
length range of incident light, a first upper electrode
and a first lower electrode formed with the first pho-
toelectric conversion unit placed between the first
upper electrode and the first lower electrode, and a first
spectral correction unit formed between the first upper
electrode and the first lower electrode to be stacked on
the first photoelectric conversion unit, the first spectral
correction unit being made of one of a quantum dot
material, a low-molecular organic material, and a high-
molecular organic material, and

a second photoelectric conversion unit configured to

perform photoelectric conversion on light in a second
wavelength range of light that has passed through the
first photoelectric conversion module, the second
wavelength range being different from the first wave-
length range.



