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SOLID-STATE IMAGING DEVICE,
MANUFACTURING METHOD THEREOF,
AND ELECTRONIC APPARATUS

FIELD

[0001] The present disclosure relates to a solid-state imag-
ing device, a manufacturing method thereof, and an electronic
apparatus such as a camera having the solid-state imaging
device.

BACKGROUND

[0002] Solid-state imaging devices (image sensors) come
in two types of a front-illuminated type and a back-illumi-
nated type. Moreover, solid-state imaging devices in which
the photoelectric conversion portion is formed of a silicon-
based photodiode or an organic material layer are known.

[0003] In a solid-state imaging device having a silicon-
based photodiode, the photodiode is formed of an impurity-
implanted crystalline silicon layer, and incident light is sub-
jected to photoelectric conversion whereby signal charges
(for example, electrons) are extracted. Color filters for imag-
ing visible colors are arranged on the upper layer of the
photodiode. This solid-state imaging device has the following
characteristics. That is, although the photoelectrically con-
verted electrons propagate through crystalline silicon, due to
the properties of silicon, the electrons have a high mobility,
and the silicon is easy to process and has high mechanical
strength. In addition, existing CMOS techniques can be used,
and fast and stable driving is possible. The photoelectric
conversion portion of CCD image sensors and CMOS image
sensors commercially available on the market is mainly
formed of a silicon-based photodiode.

[0004] On the other hand, in a solid-state imaging device in
which an organic material layer is used as the photoelectric
conversion portion, since a plurality of so-called organic pho-
toelectric conversion films having sensitivities to respective
light wavelengths are stacked so as to disperse light in a
vertical direction, it is possible to disperse light without using
a color filter (for example, see JP-A-2003-332551). This
solid-state imaging device has the following characteristics.
That is, since the organic photoelectric conversion film has a
greater optical absorption coefficient than silicon, it is easy to
decrease the thickness of the photoelectric conversion por-
tion. Moreover, due to such a structure that does not use a
color filter and an optical low-pass filter, the efficiency of
incident light is better than the solid-state imaging device
having the silicon-based photodiode. Moreover, since recep-
tion of light and color separation can be realized at the same
position, the problem of false color resulting from a differ-
ence in light reception position can be obviated. Furthermore,
since the organic photoelectric conversion films are flexible,
it is possible to create various shapes and colors. In recent
years, CMOS image sensors in which organic photoelectric
conversion films are stacked have been developed (for
example, see JP-A-2005-268476), which enable color imag-
ing.

[0005] Organic photoelectric conversion films are used not
only in the solid-state imaging devices but also in solar cells.
A method of effectively extracting electrons generated by
photoelectric conversion using an organic film made of two
kinds of organic materials, for example, an organic film in
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which p-type crystalline microparticles are mixed into an
n-type amorphous body is proposed in Japanese Patent No.
3423279, for example.

SUMMARY

[0006] Inthe solid-state imaging device having the silicon-
based photodiode according to the related art, the absorption
rate of visible light in the long wavelength region is poor due
to the properties of crystalline silicon. That is, the poor
absorption rate of visible light in the long wavelength region
is a general property of inorganic semiconductors. The dis-
tribution of electrons (charges) generated in silicon right after
photoelectric conversion was simulated when light of the
colors red (wavelength: 650 nm), green (540 nm), and blue
(440 nm) was incident on photodiodes of four pixels (of the
colors blue, red, green, and green). According to the simula-
tion result, the entirety of the blue light was absorbed at a
silicon film thickness of 1 um in the blue pixel, whereas 95
percent of the green and red light was absorbed at a silicon
film thickness of 3 um in the green and red pixels.

[0007] Due to such optical properties of silicon, the
designed film thickness of the photodiode of a solid-state
imaging device needs to be as thick as 3 um. Thus, in the
current situation, it is necessary to perform an expensive
process involving high implantation energy for impurity ions
implanted into photodiodes and many times of ion implanta-
tion. In particular, the manufacturing process for CMOS
solid-state imaging devices involves thirty or more steps for
implanting impurities into photodiodes and realizing thermal
diffusion by annealing. In addition to these steps, many other
steps are needed for simulation to predict optimum process
conditions. Moreover, although color filters are generally
needed for color imaging due to the optical properties of
silicon, a light volume loss occurs due to absorption and
reflection of light in the color filters. Furthermore, since the
light volume loss also occurs in optical low-pass filters which
are added to obviate the false color problem, the efficiency of
light incident to photodiodes is generally poor.

[0008] On the other hand, in the solid-state imaging device
using organic photoelectric conversion films, the mobility of
electrons (charges) is generally low due to the properties of an
organic film. According to recent researches, an organic film
(pentacene) has been developed that realizes the mobility of
electrons of up to that of amorphous silicon (for example, see
Lin, Y.-Y. et al., IEEE Trans. Electron Dev. Lett. 18, 606
(1997)), which however is lower than that of crystalline sili-
con by one digit or more. Therefore, there is a limit in accel-
erating the operation speed of solid-state imaging devices
which use stacked organic photoelectric conversion films.
Improvement of quantization efficiency is also a great prob-
lem to be solved. Moreover, the process of forming a photo-
electric conversion portion involves many thermal processing
steps, which is not desirable in relation to reliability (presence
of cracks or the like) of a wiring layer. Furthermore, in the
current process techniques, in creating films under atmo-
spheric pressure through roll-to-roll processing, there are
problems with the adhesion and durability of the films, and
mass production is not easy.

[0009] Thus, it is desirable to provide a solid-state imaging
device in which at least the light absorption efficiency is
increased to improve sensitivity, and the mobility of charges
is increased to enable fast and stable driving and to provide a
manufacturing method thereof.

Samsung Exhibit 1004, Page 17 of 33



US 2012/0049044 Al

[0010] Itisalso desirableto provide an electronic apparatus
such as a camera having the solid-state imaging device.
[0011] A solid-state imaging device according to an
embodiment of the present disclosure includes pixels each
including a hybrid photoelectric conversion portion and pixel
transistors. The hybrid photoelectric conversion portion
includes a semiconductor layer having a p-n junction, a plu-
rality of columnar or cylindrical hollow-shaped organic mate-
rial layers disposed in the semiconductor layer, and a pair of
electrodes disposed above and below the semiconductor layer
and the organic material layers. The hybrid photoelectric
conversion portion is configured so that charges generated in
the organic material layers through photoelectric conversion
move inside the semiconductor layer so as to be guided to a
charge accumulation region. The solid-state imaging device
is configured as a back-illuminated type in which light is
incident from a surface opposite to the surface on which the
pixel transistors are formed.

[0012] In the solid-state imaging device, the photoelectric
conversion portion that constitutes the pixel is configured by
a so-called hybrid photoelectric conversion portion in which
photoelectric conversion is performed in the organic material
layer, and charges generated in the organic material layer
move inside the semiconductor layer. According to the pho-
toelectric conversion portion, since photoelectric conversion
is performed in the organic material layer, the absorption rate
is improved considerably as compared to a photodiode using
semiconductors. Moreover, since the generated charges move
inside the semiconductor layer, the charge mobility is
increased as compared to an organic photoelectric conversion
portion.

[0013] A method of manufacturing a solid-state imaging
device according to another embodiment of the present dis-
closure includes: forming a plurality of depthwise vertical
holes in a semiconductor layer having a p-n junction corre-
sponding to a pixel; and embedding an organic material layer
into the vertical holes with an insulating film disposed on the
bottom portions of the vertical holes. The method further
includes forming a light shielding film on a rear surface of the
semiconductor layer where light enters, excluding the organic
material layer; and disposing a pair of electrodes with the
organic material layer and the semiconductor layer disposed
therebetween to thereby form a hybrid photoelectric conver-
sion portion. Furthermore, pixel transistors constituting the
pixel are disposed on the electrode disposed on a side of the
semiconductor layer where no light enters with an insulating
film disposed therebetween.

[0014] In the method of manufacturing the solid-state
imaging device according to the embodiment of the present
disclosure, the hybrid photoelectric conversion portion can be
formed by forming a plurality of vertical holes in the semi-
conductor layer having the p-n junction, embedding an
organic material layer into the vertical holes with the insulat-
ing film disposed on the bottom portions of the vertical holes,
and forming the light shielding film on the rear surface of the
semiconductor layer where light enters. Photoelectric conver-
sion is performed in the organic material layer of the hybrid
photoelectric conversion portion, and charges generated in
the organic material layer move inside the semiconductor
layer toward the charge accumulation region.

[0015] An electronic apparatus according to still another
embodiment of the present disclosure includes: a solid-state
imaging device; an optical system that guides incident lightto
a photoelectric conversion portion of the solid-state imaging
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device; and a signal processing circuit that processes output
signals of the solid-state imaging device. The solid-state
imaging device is configured by the solid-state imaging
device according to the embodiment of the present disclosure.
[0016] Inthe electronic apparatus according to the embodi-
ment of the present disclosure, since the electronic apparatus
includes the solid-state imaging device according to the
embodiment of the present disclosure, the light absorption
efficiency in the photoelectric conversion portions of the pix-
els increases, and the charge mobility increases.

[0017] According to the solid-state imaging device of the
embodiment of the present disclosure, since the light absorp-
tion efficiency in the photoelectric conversion portions of the
pixels increases, it is possible to improve sensitivity. More-
over, since the charge mobility increases, it is possible to
provide a solid-state imaging device in which fast and stable
driving is possible.

[0018] According to the method of manufacturing the
solid-state imaging device of the embodiment of the present
disclosure, it is possible to manufacture a solid-state imaging
device in which sensitivity is improved, and fast and stable
driving is possible.

[0019] According to the electronic apparatus of the
embodiment of the present disclosure, since the electronic
apparatus includes the solid-state imaging device, sensitivity
is improved, and fast driving is possible. Thus, it is possible to
provide a high-quality electronic apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIGS. 1A and 1B are diagrams showing a simplified
exemplary basic configuration of a photoelectric conversion
portion of a solid-state imaging device according to an
embodiment of the present disclosure.

[0021] FIGS. 2A and 2B are diagrams showing the energy
band at the interface between silicon and an organic photo-
electric conversion film.

[0022] FIG. 3 is a diagram of a configuration in which a
self-assembled molecule (SAM) film is formed at the inter-
face between a semiconductor (silicon) layer and an organic
photoelectric conversion film embedded therein.

[0023] FIGS. 4A to 4F are process diagrams showing an
exemplary method of manufacturing the basic configuration
of the photoelectric conversion portion of the solid-state
imaging device according to an embodiment of the present
disclosure.

[0024] FIGS. 5A and 5B are diagrams showing another
simplified exemplary basic configuration of the photoelectric
conversion portion of the solid-state imaging device accord-
ing to an embodiment of the present disclosure.

[0025] FIGS. 6A and 6B are diagrams showing a simplified
configuration of a main part of a solid-state imaging device
according to a first embodiment of the present disclosure.
[0026] FIGS. 7A to 7F are process diagrams showing a
simplified configuration of a main part of a solid-state imag-
ing device according to a second embodiment of the present
disclosure and an exemplary manufacturing method thereof.
[0027] FIGS. 8A and 8B are diagrams showing a simplified
configuration of a main part of a solid-state imaging device
according to a third embodiment of the present disclosure.
[0028] FIG. 9is a diagram showing a simplified configura-
tion of a main part of a solid-state imaging device according
to a fourth embodiment of the present disclosure.
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[0029] FIGS.10A and 10B are diagrams showing a simpli-
fied configuration of a main part of a solid-state imaging
device according to a fifth embodiment of the present disclo-
sure.

[0030] FIGS.11Ato 11F are process diagrams showing the
main part according to the fiftth embodiment and an exem-
plary manufacturing method thereof.

[0031] FIGS.12A and 12B are diagrams showing a simpli-
fied configuration of a main part of a solid-state imaging
device according to a sixth embodiment of the present disclo-
sure.

[0032] FIG. 13 is a diagram showing a simplified configu-
ration of a main part of a solid-state imaging device according
to an eighth embodiment of the present disclosure.

[0033] FIGS. 14A to 14C are simplified cross-sectional
views taken along the lines A-A, B-B, and C-C in FIG. 13,
respectively.

[0034] FIG. 15 is a diagram showing a simplified exem-
plary configuration of a CMOS solid-state imaging device
applied to the respective embodiments of the present disclo-
sure.

[0035] FIG. 16 is a diagram showing a simplified configu-
ration of an electronic apparatus according to a ninth embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0036] Hereinafter, modes for carrying out the present dis-
closure (hereinafter referred to as embodiments) will be
described. The description will be given in the following
order.

[0037] 1. Simplified Exemplary Configuration of CMOS
Solid-State Imaging Device

[0038] 2. Basic Configuration of Pixel according to
embodiment of the present disclosure (Exemplary Configu-
ration of Pixel and Exemplary Manufacturing Method
Thereof)

[0039] 3. First Embodiment (Exemplary Configuration of
Solid-State Imaging Device and Exemplary Manufacturing
Method Thereof)

[0040] 4. Second Embodiment (Exemplary Configuration
of Solid-State Imaging Device and Exemplary Manufactur-
ing Method Thereof)

[0041] 5. Third Embodiment (Exemplary Configuration of
Solid-State Imaging Device and Exemplary Manufacturing
Method Thereof)

[0042] 6. Fourth Embodiment (Exemplary Configuration
of Solid-State Imaging Device and Exemplary Manufactur-
ing Method Thereof)

[0043] 7. Fifth Embodiment (Exemplary Configuration of
Solid-State Imaging Device and Exemplary Manufacturing
Method Thereof)

[0044] 8. Sixth Embodiment (Exemplary Configuration of
Solid-State Imaging Device and Exemplary Manufacturing
Method Thereof)

[0045] 9. Seventh Embodiment (Exemplary Configuration
of Solid-State Imaging Device and Exemplary Manufactur-
ing Method Thereof)

[0046] 10. Eighth Embodiment (Exemplary Configuration
of Solid-State Imaging Device)
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[0047] 11. Ninth Embodiment (Exemplary Configuration
of Electronic Apparatus)

1. Simplified Exemplary Configuration of CMOS
Solid-State Imaging Device

[0048] FIG. 15 shows a simplified exemplary configuration
of'a CMOS solid-state imaging device applied to respective
embodiments of the present disclosure. As shown in FIG. 15,
the solid-state imaging device 201 of this example is config-
ured to include a pixel region (so-called an imaging region)
203 and a peripheral circuit portion which are provided on a
semiconductor substrate 211 (e.g., a silicon substrate). The
pixel portion 203 includes a plurality of pixels 202 which
include a photoelectric conversion portion and which are
regularly arranged in a two-dimensional array. A unit pixel
made up of one photodiode and a plurality of pixel transistors
can be used as the pixel 202. Moreover, a so-called pixel
sharing structure in which other pixel transistors excluding a
transfer transistor are shared by a plurality of photoelectric
conversion portions can be used as the pixel 202. The plurality
of pixel transistors may be made up of the four transistors, a
transfer transistor, a reset transistor, an amplification transis-
tor, and a select transistor or may be made up of the three
transistors excluding the select transistor.

[0049] The peripheral circuit portion is configured to
include so-called logical circuits, for example, a vertical driv-
ing circuit 204, column signal processing circuits 205, a hori-
zontal driving circuit 206, an output circuit 207, a control
circuit 208, and the like.

[0050] The control circuit 208 receives input clocks and
data for instructing operation modes and outputs data such as
the internal information of a solid-state imaging device. Spe-
cifically, the control circuit 208 generates clock signals or
control signals serving as the reference signals of the opera-
tions of the vertical driving circuit 204, the column signal
processing circuits 205, the horizontal driving circuit 206,
and the like in accordance with a vertical synchronization
signal, a horizontal synchronization signal, and a master
clock. The control circuit 208 inputs these signals to the
vertical driving circuit 204, the column signal processing
circuits 205, the horizontal driving circuit 206, and the like.

[0051] The vertical driving circuit 204 is configured by a
shift register, for example, and selects a pixel driving line and
supplies pulses for driving pixels to the selected pixel driving
line to thereby drive the pixels in units of rows. Specifically,
the vertical driving circuit 204 selectively scans the respective
pixels 202 of the pixel portion 203 sequentially in a vertical
direction in units of rows. Moreover, the vertical driving
circuit 204 supplies a pixel signal to the column signal pro-
cessing circuit 205 through a vertical signal line 209. The
pixel signal is based on signal charges generated correspond-
ing to the amount of light received, for example, by photo-
diodes serving as photoelectric conversion devices of the
respective pixels 202.

[0052] The column signal processing circuits 205 are pro-
vided, for example, for each column of the pixels 202 and
perform signal processing such as noise removal for each
pixel column on signals output from pixels 202 of one row.
Specifically, the column signal processing circuits 205 per-
form signal processing such as CDS for removing fixed pat-
tern noise inherent in the pixels 202, signal amplification, or
AD conversion. A horizontal select switch (not shown) is
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connected between an output terminal of each of the column
signal processing circuits 205 and a horizontal signal line
210.

[0053] Thehorizontal driving circuit 206 is configured by a
shift register, for example, and sequentially selects each of the
column signal processing circuits 205 by sequentially output-
ting horizontal scanning pulses and outputs the pixel signals
from each of the column signal processing circuits 205 to the
horizontal signal line 210.

[0054] The output circuit 207 performs signal processing
on signals which are sequentially supplied from each of the
column signal processing circuits 205 through the horizontal
signal line 210 and outputs the processed signals. For
example, the output circuit 207 may perform only buffering
and may perform black level adjustment, column fluctuation
correction, various digital signal processings, and the like. An
input/output terminal 212 exchanges signals with an external
device.

2. Basic Configuration of Pixel According to
Embodiment of the Present Disclosure

[Exemplary Configuration of Pixel Having Hybrid Photo-
electric Conversion Portion]

[0055] FIGS. 1A and 1B show an exemplary basic configu-
ration of a pixel applied to a solid-state imaging device of an
embodiment of the present disclosure, namely a back-illumi-
nated type CMOS solid-state imaging device. In the draw-
ings, in particular, the configuration of a hybrid photoelectric
conversion portion made up of an organic material layer and
a semiconductor layer is illustrated in an enlarged view as a
photoelectric conversion portion which constitutes a pixel. As
shown in FIG. 1A, a pixel 11 according to the basic configu-
ration is configured to include a hybrid photoelectric conver-
sion portion 14 and a plurality of pixel transistors. The hybrid
photoelectric conversion portion 14 includes a semiconduc-
tor layer 12 formed of silicon and a plurality of organic
material layers 13 embedded in the semiconductor layer 12.
The pixel transistors are formed on the front surface side of
the semiconductor layer 12. The pixel 11 is separated by an
element separation region 15 formed in the semiconductor
layer. In this example, the element separation region 15 is
formed by a p-type semiconductor region.

[0056] The semiconductor layer 12 is thin. The semicon-
ductor layer 12 is implanted with impurities and is configured
to have a p-n junction made up of a semiconductor region 16
of first conductivity type (for example, n type), a n*-type
semiconductor region 17 having higher concentration than
the n-type semiconductor region 16, and a semiconductor
region 18 of second conductivity type (for example, p* type)
having higher concentration than the n-type semiconductor
region 16. The p*-type semiconductor region 18 is formed on
a rear surface side (the upper side in the drawing) of the
semiconductor layer 12 where light enters, and the n*-type
semiconductor region 17 is formed on a front surface side (the
lower side in the drawing) of the semiconductor layer 12
where light does not enter.

[0057] The organic material layer 13 is a region where
photoelectric conversion is performed, and will be referred to
as an “organic photoelectric conversion film”. A plurality of
organic photoelectric conversion films 13 are arranged in the
semiconductor layer 12 of the pixel at necessary intervals in
the plane direction and is formed in a columnar shape by
being buried in a depth direction crossing from the rear sur-
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face of the semiconductor layer 12 to the vicinity of the front
surface. For example, as shown in FIG. 1B, the plurality of
organic photoelectric conversion films 13 are formed in a
stripe shape so as to divide the semiconductor layer 12 into a
plurality of parts as viewed from the upper surface. Although
not shown in the drawing, the plurality of organic photoelec-
tric conversion films 13 may be formed in a dot shape or a
cylindrical hollow shape as viewed from the upper surface in
order to further decrease the dependence of incident light on
polarization. In this example, since signal charges are elec-
trons, the organic photoelectric conversion film 13 is formed
of a p-type organic material.

[0058] As the p-type organic material, organic compounds
which have a desired absorption band and satisfy an energy
band structure shown in FIG. 2A described later are used. As
the p-type organic material sensitive to a visible light region,
perylene-based compounds, phthalocyanine compounds,
quinacridone compounds, porphyrin compounds, merocya-
nine compounds, and the like can be used, for example. In the
embodiments described later, although the visible light
region is described, by using organic compounds sensitive to
terahertz rays, infrared rays, ultraviolet rays, and X rays, it is
possible to perform imaging in these wavelength bands.
[0059] A light shielding film 19 is formed on a surface of
the p*-type semiconductor region 18 on the rear surface side
of the semiconductor layer 12 so that light hv does not enter
the semiconductor layer 12. The light shielding film 19 can be
formed by a metal film of tungsten (W) or the like, for
example. An electron blocking film 21 for blocking electrons
serving as signal charges is formed on a surface of the organic
photoelectric conversion film 13 where the light hv does not
enter. The electron blocking film 21 is formed by an insulat-
ing film such as, for example, a silicon nitride (Si;N,) film, a
silicon oxide (Si0,) film, and the like.

[0060] A pairofelectrodes 22 and 23 is formed on the entire
rear and from surfaces of the semiconductor layer 12 includ-
ing the surfaces of the light shielding film 19 and the electron
blocking film 21. For the sake of convenience, the electrode
22 on the rear surface side will be referred to as an upper
electrode, and the electrode 23 on the front surface side will
be referred to as a lower electrode. The upper electrode 22 on
the rear surface side is formed by a transparent electrode
formed of a transparent conductive film that can transmit the
light hv well. As the transparent conductive film, an indium
tin oxide (ITO) film, a tin oxide (SnO,) film, a titanium oxide
(Ti0,) film, an indium oxide (InO,) film, a conductive poly-
mer film, and the like can be used, for example. The lower
electrode 23 is formed of metal exhibiting ohmic properties.
The material of the lower electrode 23 is not particularly
limited as long as it is metal exhibiting ohmic properties, such
as, for example, copper (Cu), aluminum (Al), and the like. As
above, the light shielding film 19 is formed between the
semiconductor layer 12 and the upper electrode 22, and the
electron blocking film 21 is formed between the organic
photoelectric conversion film 13 and the lower electrode 23.
[0061] Furthermore, a plurality of pixel transistors consti-
tuting one pixel are formed in a semiconductor region 25
formed of silicon which is disposed on the front surface side
of the semiconductor layer 12, namely under the lower elec-
trode 23 with an insulating film 30 disposed therebetween. In
FIG. 1A, a transfer transistor Trl is illustrated as a represen-
tative of the plurality of pixel transistors. The transfer tran-
sistor Tr1 is configured to include a n-type charge accumula-
tion region 26 for accumulating signal charges (electrons)
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moving in the semiconductor layer 12 described later, a float-
ing diffusion FD formed by a n-type semiconductor region,
and a transfer electrode 28 on a gate insulating film 27 dis-
posed between the n-type charge accumulation region 26 and
the floating diffusion FD.

[0062] A multilayer wiring layer 32 in which a plurality of
layers of wirings (not shown) is arranged is formed on the
front surface of the semiconductor region 25 with an inter-
layer insulating film 31 disposed therebetween. The transfer
transistors Trl are formed so as to correspond to the respec-
tive divided semiconductor layers 12 in one pixel 11. The
respective divided semiconductor layers 12 are connected to
the respective corresponding n-type charge accumulation
regions 26 through conductors 33 that penetrate through the
lower electrode 23 in an electrically isolated state. The
respective floating diffusions FD of the respective transfer
transistors Trl are commonly connected to necessary wirings
(not shown) of the multilayer wiring layer 32 through the
conductors 34.

[0063] Although not shown in the drawing, an on-chip
microlens is formed on the upper electrode 22 which is a
transparent electrode with or without color filters disposed
therebetween. The color filters are formed on the upper elec-
trode 22 with or without an insulating film disposed therebe-
tween.

[0064] Next, the operation of the pixel 11 of the basic
configuration will be described. The pixel 11 is configured as
a back-illuminated type wherein light hv enters a surface of
the semiconductor layer 12 opposite to the surface where the
pixel transistors are formed. A necessary voltage is applied
between the upper electrode 22 and the lower electrode 23 so
that the upper electrode 22 has the negative potential, and the
lower electrode 23 has the positive potential. Light hv passes
through the on-chip microlens to enter the p-type organic
photoelectric conversion film 13, in which the light is sub-
jected to photoelectric conversion, whereby electron-hole
pairs are generated. The light hv does not enter the semicon-
ductor layer 12 due to the light shielding film 19. Among the
electron-hole pairs generated in the organic photoelectric
conversion film 13, electrons e serving as signal charges move
from the organic photoelectric conversion film 13 through the
interface toward the semiconductor layer 12 depleted by the
applied bias voltage and further move inside the depletion
layer to be accumulated in the charge accumulation region 26.
FIG. 2A shows an energy band structure at the interface
between the p-type organic photoelectric conversion film 13
and the n-type semiconductor layer (silicon) 12. An electron
e moves from the p-type organic photoelectric conversion
film 13 through the interface toward the n-type semiconduc-
tor layer 12 as shown in FIGS. 1A and 2A. On the other hand,
a hole h moves toward the upper electrode 22 through the
organic photoelectric conversion film 13 and is discharged
through the upper electrode 22.

[0065] The reason why a plurality of organic photoelectric
conversion films 13 is embedded in one pixel is to decrease
the average distance to the interface with the semiconductor
layer 12 and increase the interface area to thereby accelerate
the movement of electrons to the semiconductor layer 12
more effectively as compared to a configuration only one
organic photoelectric conversion film having the same vol-
ume is embedded.

[0066] The properties of a hybrid photoelectric conversion
portion of the basic structure are determined by the volume
occupancy of the silicon semiconductor layer 12 and the
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organic photoelectric conversion film 13, the organic material
being used and the concentration thereof, the concentration of
impurities in the semiconductor layer 12, and the state of the
interface between the semiconductor layer 12 and the organic
photoelectric conversion film 13. In particular, the interface
state is important. In this configuration, in order to decrease
the energy barrier at the interface between the silicon of the
semiconductor layer 12 and the organic photoelectric conver-
sion film 13, a self-assembled molecular (SAM) film 36 is
formed at the interface between the semiconductor layer 12
and the organic photoelectric conversion film 13 as shown in
FIG. 3.

[0067] The self-assembled molecular film 36 can be
formed by the following method. When forming the organic
photoelectric conversion film 13, a vertical hole, so-called a
trench or a via, is formed in the silicon semiconductor layer
12, and an organic material is embedded in the vertical hole.
When this vertical hole is formed by dry-etching, dangling
bonds of silicon are generated on the lateral walls of the
vertical hole. When an organic material is embedded in the
vertical hole, a SAM film (Self-Assembled Molecular Film)
of about one layer of atoms is formed, in which the layer of
atoms is created by conjugated t bonds between the dangling
bonds on the later walls and the electrons of the organic
material. According to recent researches, this SAM film is
known to greatly alleviate the energy barrier at the interface
between general organic materials and silicon. By using this
principle, it is possible to suppress the barrier at the interface
and accelerate the movement of electrons from the organic
photoelectric conversion film 13 toward the semiconductor
layer 12.

[0068] Furthermore, as will be described in the following
embodiments, by forming a concavo-convex shape, for
example, of the 10 nm order on the lateral walls of the vertical
hole by the Bosch process, it is possible to increase the area of
the interface between the semiconductor layer 12 and the
organic photoelectric conversion film 13 and to further
increase the electron mobility. The Bosch process is a process
for performing processing by alternately repeating an etching
step using SFs-based gas and a deposition step using C,Fg-
based gas.

[Exemplary Method of Manufacturing Pixel Having Hybrid
Photoelectric Conversion Portion]

[0069] FIGS. 4A to 4F show an exemplary method of
manufacturing the pixel 11 of the basic configuration having
the hybrid photoelectric conversion portion. FIGS. 4A to 4F
show the basic process of the pixel 11, particularly the hybrid
photoelectric conversion portion. First, although not shown in
the drawings, a semiconductor substrate is formed on which
the semiconductor region 25 having the pixel transistors
shown in FIGS. 1A and 1B, the multilayer wiring layer 32, the
lower electrode 23, and the like are formed. That is, a gate
electrode 28 of a pixel transistor is formed on a silicon semi-
conductor substrate corresponding to the semiconductor
region 25, and a source/drain region is formed by ion implan-
tation. After that, a plurality of layers of wirings is formed
thereon with an interlayer insulating film disposed therebe-
tween to thereby form the multilayer wiring layer 32, and the
conductors 34 are embedded therein. Subsequently, the semi-
conductor substrate is made thin from the rear surface side of
the semiconductor substrate to thereby form the semiconduc-
tor region 25. The substrate is reversed, and the lower elec-
trode 23 connected to the conductors 33 penetrating through
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the insulating film 30 is formed on the semiconductor region
25 with the insulating film 30 disposed therebetween.
[0070] Subsequently, a silicon semiconductor substrate for
pixels is bonded to the semiconductor substrate on which the
semiconductor region 25, the multilayer wiring layer 32, the
lower electrode 23, and the like are formed.

[0071] Subsequently, as shown in FIG. 4A, an element
separation region 15 formed by the p-type semiconductor
region is formed on the semiconductor substrate, namely the
silicon semiconductor layer 12. A n*-type semiconductor
region 17 (corresponding to the front surface side), a n-type
semiconductor region 16 (corresponding to an intermediate
region), and a p*-type semiconductor region 19 (correspond-
ing to the rear surface side) are formed in that order from the
lower region of the drawing in a region corresponding to one
pixel divided by the element separation region 15 to thereby
form a p-n junction j.

[0072] Subsequently, as shown in FIG. 4B, a vertical hole
38 such as a trench or a via extending from the p*-type
semiconductor region 18 to the n*-type semiconductor region
is formed in a region of the semiconductor layer 12 corre-
sponding to one pixel by dry-etching. A plurality of vertical
holes 38 are formed at necessary intervals. In this example, as
shown in FIG. 1A, the vertical holes 38 are formed in a stripe
shape as seen in a planar view. In the dry-etching, NF;/O,-
based gas or SF,/O,-based gas can be used, and the vertical
holes 38 are formed to a thickness of about several hundreds
of pm to about 1 pm. During the dry-etching, by using the
Bosch process using SF/C,F¢/O,-based gas, it is possible to
form a concavo-convex shape on the lateral walls of the
vertical holes 38. By forming the concavo-convex shape, it is
possible to increase the area of the interface with the organic
photoelectric conversion film formed in a subsequent step and
to accelerate the movement of electrons (charges).

[0073] Subsequently, as shown in FIG. 4C, an electron
blocking film 21 having a thickness of several tens of nm, for
example is formed on the bottom portions of the vertical holes
38. The electron blocking film 21 can be formed by perform-
ing deposition by aCVD (chemical vapor deposition) method
and then performing dry etch-back. For example, the electron
blocking film 21 is formed by an insulating film such as, for
example, a silicon nitride (Si;N,) film, a silicon nitride (SiO,)
film, and the like. Furthermore, an organic photoelectric con-
version film 13 is deposited so as to be embedded in the
vertical holes 38. The organic photoelectric conversion film
13 is formed by a p-type organic photoelectric conversion
film. As a deposition method of the organic photoelectric
conversion film 38, a dry deposition method or a wet deposi-
tion method can be used. Examples of the dry deposition
method include a vacuum deposition method, an ion plating
method, a CVD method. Examples of the wet deposition
method include a spin coating method and a casting method.
[0074] Subsequently, as shown in FIG. 4D, the organic
photoelectric conversion film 38 is removed by etch-back or
CMP (chemical mechanical polishing) until it is flush with
the surface of the p*-type semiconductor region 18 of the
semiconductor layer 12.

[0075] Subsequently, as shown in FIG. 4E, a resist mask
(not shown) is selectively formed on the upper surfaces of the
organic photoelectric conversion film 38 and the element
separation region 15, and concave portions 39 are formed on
the surface of the p*-type semiconductor region 18 with the
resist mask disposed therebetween so that the heads of the
plurality of embedded organic photoelectric conversion films
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38 protrudes. The concave portions 39 are formed to a depth
of about several tens of nm by dry-etching.

[0076] Subsequently, as shown in FIG. 4F, a light shielding
film 19 is embedded in the concave portions 39 of the p*-type
semiconductor region 18. The light shielding film 19 can be
formed by a metal film of tungsten (W) or the like, for
example. That is, the light shielding film 19 is formed on the
rear surface of the semiconductor layer 12 where light enters.
In this way, a photoelectric conversion portion of one pixel,
namely the hybrid photoelectric conversion portion 14 which
includes the organic photoelectric conversion film 13 in
which photoelectric conversion is performed and the semi-
conductor layer 12 in which electrons (charges) generated in
the organic photoelectric conversion film 13 are moved
toward a charge accumulation region is formed.

[0077] After that, although not shown in the drawing, a
transparent electrode serving as an upper electrode is formed
on the upper surface of the semiconductor layer 12, and a
lower electrode is formed on the lower surface thereof. In
addition, an on-chip microlens is formed on the transparent
electrode with or without color filters disposed therebetween.
On the other hand, pixel transistors including the transfer
transistor Trl are formed on the semiconductor region which
is disposed on the lower surface side of the lower electrode
with an insulating film disposed therebetween, and a multi-
layer wiring layer is formed thereon. In this way, a target pixel
11 having the hybrid photoelectric conversion portion is
obtained.

[0078] In addition, a pixel and logical circuit portion may
be created in advance and be bonded to the semiconductor
substrate on which the semiconductor region 25 having the
pixel transistors, the multilayer wiring layer 32, the lower
electrode 23, and the like are formed.

[0079] The back-illuminated CMOS solid-state imaging
device having the pixels 11 made up of the hybrid photoelec-
tric conversion portion 14 and the pixel transistors may be
configured, for example, by bonding first and second semi-
conductor chips together. The hybrid photoelectric conver-
sion portion 14 serving as a sensor portion is formed on the
first semiconductor chip, and pixel transistors, peripheral cir-
cuits, and the like are formed on the second semiconductor
chip. The lower electrode 23 is formed on the first semicon-
ductor chip.

[0080] The pixel 11 described above has the hybrid photo-
electric conversion portion 14 as the photoelectric conversion
portion, in which photoelectric conversion is performed in the
organic photoelectric conversion film 13, and electrons serv-
ing as charges generated in the organic photoelectric conver-
sion film 13 move inside the semiconductor layer 12. Due to
the presence of the hybrid photoelectric conversion portion
14, it is possible to improve the absorption rate of light in the
photoelectric conversion portion, further decrease the thick-
ness of the photoelectric conversion portion, and improve the
electron mobility. That is, it is possible to improve the absorp-
tion rate of light which is a drawback of the silicon-based
photodiode of the related art and decrease the thickness con-
siderably. Moreover, it is possible to improve the electron
mobility which is a drawback of the photoelectric conversion
portion having the organic film of the related art. Therefore,
according to the solid-state imaging device having the pixel
11, since the light absorption efficiency in the photoelectric
conversion portion of the pixel increases, it is possible to
improve sensitivity. Moreover, since the electron mobility is
improved, it is possible to perform fast and stable driving.
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[0081] For example, when the pixel 11 is applied to the
stacked structure of all pixels of the colors blue, green, and
red in a solid-state imaging device, color filters and optical
low-pass filters are not necessary. Thus, it is possible to expect
an improvement in light incidence efficiency as compared to
a solid-state imaging device having the silicon-based photo-
electric conversion portion. Since the hybrid photoelectric
conversion portion 14 includes a semiconductor layer and an
organic film, the respective problems in the silicon-based and
organic film-based photoelectric conversion portions, for
example, adhesion, film durability, flexibility, and processing
costs can be solved. Moreover, a configuration in which elec-
trons and holes can be separated extracted for each color is
also possible. In this case, when both the electron and hole
signals are used in a signal processing circuit on the subse-
quent stage, it is possible to further improve sensitivity.
[0082] The advantages of the solid-state imaging device
having the pixel 11 will be described. In the hybrid photo-
electric conversion portion 14, since photoelectric conversion
is performed by the organic photoelectric conversion film 13,
it is possible to improve light absorption efficiency consider-
ably as compared to the photoelectric conversion portion
using the silicon-based photodiode of the related art and to
improve sensitivity per unit volume. In this way, the thickness
of'the photoelectric conversion portion can be decreased con-
siderably as compared to the silicon-based photodiode. When
the p-type organic photoelectric conversion film 13 is used,
since electrons move in the semiconductor layer 12, it is
possible to improve sensitivity and light absorption efficiency
without decreasing the electron mobility as compared to the
silicon-based photodiode.

[0083] During manufacturing of the photoelectric conver-
sion portion, since the photoelectric conversion portion is
thin, it is possible to decrease considerably the number of
steps for impurity implantation and the number of associated
steps for simulating implantation and thermal diffusion.
Thus, it is possible to decrease the manufacturing cost and the
TAT time in development as compared to manufacturing of
the silicon-based photodiode.

[0084] The pixel 11 having the hybrid photoelectric con-
version portion involves a shorter period for thermal process-
ing steps than the pixel having the organic photoelectric con-
version film-based photoelectric conversion portion. Thus, it
is possible to improve reliability of the wirings of the multi-
layer wiring layer. That is, since the volume of the formed
organic photoelectric conversion film is smaller than the
organic photoelectric conversion film-based photoelectric
conversion portion which is entirely formed of the organic
photoelectric conversion film, the period for the thermal pro-
cessing steps can be decreased.

[Another Exemplary Basic Configuration of Pixel Having
Hybrid Photoelectric Conversion Portion]

[0085] FIGS. 5A and 5B show another exemplary basic
configuration of a pixel applied to a solid-state imaging
device according to an embodiment of the present disclosure,
namely a back-illuminated CMOS solid-state imaging
device. Although electrons e are used as signal charges in
FIGS. 1A and 1B, in this example, holes h are used as signal
charges. A pixel 41 according to this basic configuration is
configured to include a hybrid photoelectric conversion por-
tion in one pixel, in which a plurality of organic photoelectric
conversion films 13 is embedded in the semiconductor layer
12 as described above. However, the conductivity types of the
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respective semiconductor regions and organic photoelectric
conversion films 13 of the semiconductor layer 12 constitut-
ing the pixel 41 are opposite to the conductivity types of the
semiconductor regions and organic photoelectric conversion
films of the pixel 11 described above. That is, the element
separation region is formed by an n-type semiconductor
region 45. The semiconductor layer 12 constituting the pho-
toelectric conversion portion 14 includes an n*-type semicon-
ductor region 48, a p-type semiconductor region 46, and a
p*-type semiconductor region 47 which are formed in that
order from top to bottom in FIGS. 5A and 5B. The organic
photoelectric conversion film 13 is formed by an n-type
organic material. As the n-type organic material, organic
materials such as, for example, naphthalene-based com-
pounds, perylene-based compounds, and C60 canbe used. On
the other hand, the source/drain region including the floating
diffusions FD constituting the pixel transistors is formed by a
p-type semiconductor region.

[0086] The other configurations are the same as those
described with reference to FIGS. 1A and 1B and FIG. 3.
Thus, portions in FIGS. 5A and 5B corresponding to those of
FIGS. 1A and 1B will be denoted by the same reference
numerals, and redundant description thereof will be omitted.
[0087] Next, the operation of the pixel 41 will be described.
A necessary bias voltage is applied between the upper elec-
trode 22 and the lower electrode 23 so that the upper electrode
22 has the positive potential, and the lower electrode 23 has
the negative potential. Light hv passes through the on-chip
microlens to enter the n-type organic photoelectric conver-
sion film 13, in which the light is subjected to photoelectric
conversion, whereby electron-hole pairs are generated. The
light hv does not enter the semiconductor layer 12 due to the
light shielding film 19. Among the electron-hole pairs gener-
ated in the organic photoelectric conversion film 13, holes h
serving as signal charges move from the organic photoelectric
conversion film 13 through the interface toward the semicon-
ductor layer 12 depleted by the applied bias voltage and
further move inside the depletion layer to be accumulated in
the charge accumulation region 26. FIG. 2B shows an energy
band structure at the interface between the n-type organic
photoelectric conversion film 13 and the p-type semiconduc-
tor layer (silicon) 12. A hole h moves from the n-type organic
photoelectric conversion film 13 through the interface toward
the p-type semiconductor layer 12 as shown in FIGS. 5A and
5B and FIG. 2B. On the other hand, an electron e moves
toward the upper electrode 22 through the organic photoelec-
tric conversion film 13 and is discharged through the upper
electrode 22.

[0088] Inthe pixel 41 described above, since the photoelec-
tric conversion portion is configured by the hybrid photoelec-
tric conversion portion 14, it is possible to improve light
incidence efficiency and to improve hole mobility similarly to
the pixel 11. Since holes move inside a material having good
crystallinity, the hole mobility is also improved similarly to
the electron mobility. Therefore, in a solid-state imaging
device having the pixel 41, it is possible to realize high-
sensitivity and fast driving.

[0089] From the perspective of electron mobility, in a solid-
state imaging device that requires a fast operation, the con-
figuration of the pixel 11 shown in FIGS. 1A and 1B is
preferable as compared to the configuration of the pixel 41
shown in FIGS. 5A and 5B in which holes h are used as signal
charges.

3. First Embodiment

[Exemplary Configuration of Solid-State Imaging Device]
[0090] FIGS. 6A and 6B show a solid-state imaging device
according to a first embodiment of the present disclosure,
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namely a back-illuminated CMOS solid-state imaging
device. A solid-state imaging device 51 according to the first
embodiment is configured to include primary color filters
having the Bayer arrangement and a pixel region 52 in which
a group of pixels made up of a blue (B) pixel 53B, a red (R)
pixel 53R, a green (G) pixel 53G, and a green (G) pixel 53G
are arranged in a two-dimensional array as shown in FIG. 6B.
Moreover, the blue pixel 53B is formed by a photoelectric
conversion portion which is formed of a photodiode PD
formed in a silicon semiconductor region, and the red pixel
53R, the green pixel 53G, and the green pixel 53G are formed
by the hybrid photoelectric conversion portion 14 shown in
FIGS. 1A and 1B.

[0091] That is, in the present embodiment, the thin single-
crystalline silicon semiconductor layer 12 is divided into
respective pixels by an element separation region 15 which is
formed by a p-type semiconductor region. In the blue pixel
53B, a p*-type semiconductor region 18, an n-type semicon-
ductor region 16, and a n*-type semiconductor region 17 are
formed in that order from the light incident surface of the
semiconductor layer 12 toward the opposite surface, and a
photoelectric conversion portion formed of a photodiode PD
having a p-n junction j is formed. In the red pixel 53R and the
two green pixels 53G, the same p*-type semiconductor region
18, n-type semiconductor region 16, and n*-type semicon-
ductor region 17 are formed, and a hybrid photoelectric con-
version portion 14 in which a plurality of p-type organic
photoelectric conversion films 13 are embedded in the semi-
conductor layer 12 having a p-n junction j is formed. More-
over, in the hybrid photoelectric conversion portion 14, a light
shielding film 19 is formed on the light incident surface of the
p*-type semiconductor region 18, and an electron blocking
film 21 is formed on the surface of the photoelectric conver-
sion portion 13 opposite to the light incident surface.
Although not shown in the drawings, an insulating film is
formed between the light shielding film 19 formed of a metal
film, for example, and the organic photoelectric conversion
film 13.

[0092] As the organic photoelectric conversion film 13 in
the red pixel 53R which is sensitive to red wavelength band,
organic materials such as, for example, phthalocyanine com-
pounds, porphyrin compounds, and merocyanine compounds
can be used. As the organic photoelectric conversion film 13
in the green pixel 53G which is sensitive to green wavelength
band, organic materials such as, for example, quinacridone
compounds and porphyrin compounds can be used. However,
the kinds of organic materials are not particularly limited as
long as the organic materials are organic compounds which
have a higher light absorption coefficient than crystalline
silicon and which have an energy band structure with respect
to silicon as shown in FIG. 2A.

[0093] A pairofanupperelectrode 22 and a lower electrode
23 is formed above and below the photoelectric conversion
portion 14. The upper electrode 22 on the light incident side
is formed of a transparent electrode. Although not shown in
FIGS. 6A and 6B, color filters and on-chip microlenses are
formed onthe upper electrode 22. Moreover, a semiconductor
substrate in which pixel transistors are formed is disposed
below the lower electrode 23 with an insulating film disposed
therebetween, and a multilayer wiring layer having a plurality
of layers of wirings is disposed thereon with an interlayer
insulating film disposed therebetween.

[0094] In the present embodiment, one pixel has an area of
1.4 pym by 1.4 um. The thickness d1 of the semiconductor
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layer 12 is set to about 1.4 um so that the entirety of light
entering the red pixel 53B can be absorbed. Five organic
photoelectric conversion films 13 are disposed in the semi-
conductor layer 12, and the width w1 thereof is typically set
to about 200 nm. If the width w1 of the organic photoelectric
conversion film is too small, interaction with light may not
occur. The width w2 of the semiconductor layer 12 in which
electrons move is set to about 50 nm.

[Exemplary Method of Manufacturing Solid-State Imaging
Device]

[0095] The processes of manufacturing the red and green
pixels in the solid-state imaging device 51 of the first embodi-
ment are the same as those illustrated in FIGS. 4A to 4F. The
conditions when forming the vertical holes 38 will be
described. In this example, an example of the dry-etching
conditions using a CCP (Capacitive Coupled Plasma) etching
apparatus will be described below. In addition, the processing
conditions and other apparatuses used other than the CCP
etching apparatus are not particularly limited. The other appa-
ratuses used refer to apparatuses such as an IPC (Inductive
Coupled Plasma) apparatus or an ECR (Electron Cyclotron
Resonance) apparatus.

[0096] Gas Type and Flow Rate: NF,/O,/HBr=40/15/200
sccm

[0097] Pressure: 100 mT

[0098] Upper Application Power: 700 W

[0099] Lower Application Power: 400 W

[0100] Etching Time: 60 sec

[0101] RF Frequency: Upper/Lower=40 MHz/3 MHz
[0102] Here, the upper and lower refer to the upper elec-

trode and lower electrode of an etching apparatus. The RF
frequency defines the frequency of a bias voltage applied to
the upper electrode and the frequency of a bias voltage
applied to the lower electrode.

[0103] The baking temperature during forming of the
organic photoelectric conversion film 13 was typically in the
range of 80 and 150° C. although it depends on a solvent. The
upper electrode 22 was an ITO (Indium Tin Oxide) film and is
deposited on a transparent glass substrate to a thickness of
about 30 nm. The lower electrode 23 was a metal electrode
having a thickness of about 30 nm, and is preferably formed
of metal having a low ohmic resistance to silicon, for
example, such as an alloy of indium, copper, aluminum, and
magnesium. The electron blocking film 21 was formed of a
silicon oxide (SiO) film having a thickness of 10 nm. The light
shielding film 19 was formed of a tungsten (W) film. The
etch-back of the electron blocking film 21 was performed
under conditions such that the etching selectivity to silicon
was high.

[0104] Such conditions are as follows, for example.
[0105] Gas Type and Flow Rate: C,Fg/O,/Ar=30/400/15
sccm

[0106] Pressure: 30 mT

[0107] According to the solid-state imaging device 51

according to the first embodiment, the photoelectric conver-
sion portion of the blue pixel 53B is configured by the silicon-
based photodiode PD, and the photoelectric conversion por-
tions of the red and green pixels 53R and 53G are configured
by the hybrid photoelectric conversion portion 14. In the red
and green pixels 53R and 53G, since photoelectric conversion
is performed by the organic photoelectric conversion film 13,
it is possible to improve light absorption efficiency consider-
ably and improve the sensitivities of the red and green pixels
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53R and 53G. Moreover, in the red and green pixels 53R and
53G, since electrons generated in the organic photoelectric
conversion film 13 move inside the silicon semiconductor
layer 12, it is possible to increase electron mobility and per-
form fast and stable driving. That is, it is possible to improve
sensitivity and light absorption efficiency without decreasing
electron mobility. On the other hand, since the thickness d1 of
the semiconductor layer 12 can be set to a thickness so that the
entirety of blue incident light can be absorbed, it is possible to
decrease the thicknesses of the photoelectric conversion por-
tions of all pixels. In addition, the thickness of the photoelec-
tric conversion portion configured by only the silicon-based
photodiode is about 3 um, whereas in the first embodiment,
the thickness of the photoelectric conversion portion of an
entire pixel is decreased to about 1 um.

[0108] In the present embodiment, since the volume of the
embedded organic photoelectric conversion film is smaller
than that of the CMOS solid-state imaging device having the
organic photoelectric conversion film-based photoelectric
conversion portion, it is possible to shorten the period for
thermal processing steps. Thus, it is possible to suppress
damage to the wirings of the multilayer wiring layer to
thereby improve reliability of the wirings. Moreover, in the
present embodiment, since the hybrid photoelectric conver-
sion portion 14 is made up of the silicon semiconductor layer
12 and the organic photoelectric conversion film 13, the
respective problems in the silicon-based and organic film-
based photoelectric conversion portions, for example, adhe-
sion, film durability, flexibility, and processing costs can be
solved.

4. Second Embodiment

[Solid-State Imaging Device and Exemplary Manufacturing
Method Thereof]

[0109] FIGS. 7A to 7F show a solid-state imaging device
according to a second embodiment of the present disclosure,
namely a back-illuminated CMOS solid-state imaging
device, and a manufacturing method thereof. The solid-state
imaging device of the second embodiment has the same basic
configuration as the first embodiment, except for the configu-
ration of the hybrid photoelectric conversion portion. FIGS.
7A to 7F show an exemplary method of manufacturing a
solid-state imaging device, in particular, an exemplary
method of forming the hybrid photoelectric conversion por-
tion 14, and other configurations are omitted.

[0110] First, as shown in FIG. 7A, a polysilicon layer 56 is
formed on a silicon semiconductor substrate 55 to a thickness
of'about 1 um by a low-temperature CVD method.

[0111] Subsequently, as shown in FIG. 7B, p-type impuri-
ties are ion-implanted into the polysilicon layer 56 to thereby
an element separation region 15 which is formed of a p-type
semiconductor region. Moreover, n-type and p-type impuri-
ties are ion-implanted into the polysilicon layer 56 serving as
a semiconductor layer corresponding to the respective pixels
divided by the element separation region 15, whereby an
n*-type semiconductor region 17, an n-type semiconductor
region 16, and a p*-type semiconductor region 18 are formed.
[0112] Subsequently, as shown in FIG. 7C, five vertical
holes 38 are formed in the polysilicon layer 56 corresponding
to the red and green pixels by dry-etching with a resist mask
57 having a thickness of about 500 nm disposed therebe-
tween. By the etching of the polysilicon layer 56, the surfaces
of crystalline silicon particles approach the walls of the ver-
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tical holes 38. The walls of the vertical holes in which the
surfaces of the crystalline particles approach have a concavo-
convex shape.

[0113] Subsequently, as shown in FIG. 7D, the resist mask
57 is removed by ashing and washing treatments.

[0114] Subsequently, through the same steps as those
described in FIGS. 4C to 4F, an electron blocking film 21 is
formed on the bottom portions of the vertical holes 38 as
shown in FIG. 7E, and a p-type organic photoelectric conver-
sion film 13 is embedded in the vertical holes 38. Moreover,
alight shielding film 19 is formed on the p'-type semiconduc-
tor region 18 to thereby form a hybrid photoelectric conver-
sion portion 14. The photoelectric conversion film 13 in the
red pixel is formed of an organic material sensitive to red
wavelength band, and the photoelectric conversion film 13 in
the green pixel is formed of an organic material sensitive to
green wavelength band.

[0115] Subsequently, similarly to the above, upper and
lower electrodes are formed, pixel transistors are formed in
the semiconductor region on the lower side of the lower
electrode, and a multilayer wiring layer is formed. In addi-
tion, color filters having the Bayer arrangement are formed on
the upper electrode on the light incident side, and on-chip
microlenses are formed thereon.

[0116] Since the other configurations are the same as those
of'the first embodiment, redundant description thereof will be
omitted. The hybrid photoelectric conversion portion of the
second embodiment can be applied to hybrid photoelectric
conversion portions of the respective embodiments described
later.

[0117] According to the solid-state imaging device of the
second embodiment and the manufacturing method thereof,
since the semiconductor layer is formed by the polysilicon
layer 56, when the vertical holes 38 are formed and the
organic photoelectric conversion film 13 are embedded
therein, the area of the interface between the surfaces of the
crystalline polysilicon particles and the organic photoelectric
conversion film 13 increases. Thus, the quantity of electrons
moving from the organic photoelectric conversion film 13
toward the polysilicon layer 56 is increased further, and faster
driving is realized. In addition to the above, the same advan-
tages as those described in relation to the basic configuration
and the first embodiment are obtained.

5. Third Embodiment

[Exemplary Configuration of Solid-State Imaging Device]
[0118] FIGS. 8A and 8B show a solid-state imaging device
according to a third embodiment of the present disclosure,
namely a back-illuminated CMOS solid-state imaging
device. A solid-state imaging device 58 according to the third
embodiment is configured to include primary color filters
having the Bayer arrangement and a pixel region 52 in which
a group of pixels made up of a blue (B) pixel 53B, a red (R)
pixel 53R, a green (G) pixel 53G, and a green (G) pixel 53G
are arranged in a two-dimensional array as shown in FIG. 8B.
Moreover, the blue pixel 53B, the red pixel 53R, the green
pixel 53G, and the green pixel 53G are formed by the hybrid
photoelectric conversion portion 14 shown in FIGS. 1A and
1B.

[0119] In the solid-state imaging device 58 of the third
embodiment, a thin single-crystalline silicon semiconductor
layer 12 is divided into respective pixels by the element
separation region 15 which is formed by a p-type semicon-
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ductor region. In the blue pixel 53B, the red pixel 53R and the
green pixel 53G, the same p*-type semiconductor region 18,
n-type semiconductor region 16, and n*-type semiconductor
region 17 are formed, and a hybrid photoelectric conversion
portion 14 in which a plurality of p-type organic photoelectric
conversion films 13 are embedded in the semiconductor layer
12 having a p-n junction j is formed. Moreover, in the hybrid
photoelectric conversion portion 14, a light shielding film 19
is formed on the light incident surface of the p*-type semi-
conductor region 19, and an electron blocking film 21 is
formed on the surface of the photoelectric conversion portion
13 opposite to the light incident surface. Although not shown
in the drawings, an insulating film is formed between the light
shielding film 19 formed of a metal film, for example, and the
organic photoelectric conversion film 13.

[0120] As the organic photoelectric conversion film 13 in
the blue pixel 53B which is sensitive to blue wavelength band,
porphyrin compounds or perylene compounds can be used.
As the organic photoelectric conversion film 13 in the red
pixel 53R which is sensitive to red wavelength band, organic
materials such as, for example, phthalocyanine compounds,
porphyrin compounds, and merocyanine compounds can be
used. As the organic photoelectric conversion film 13 in the
green pixel 53G which is sensitive to green wavelength band,
organic materials such as, for example, quinacridone com-
pounds and porphyrin compounds can be used. However, the
kinds of organic materials are not particularly limited as long
as the organic materials are organic compounds which have a
higher light absorption coefficient than crystalline silicon and
which have an energy band structure with respect to silicon as
shown in FIG. 2A.

[0121] A pairofanupper electrode 22 and a lower electrode
23 is formed above and below the photoelectric conversion
portion 14. The upper electrode 22 on the light incident side
is formed of a transparent electrode. An insulating film 59 for
separating pixels is formed between the upper electrodes 22
which are transparent electrodes of adjacent pixels. Although
not shown in FIGS. 8A and 8B, color filters and on-chip
microlenses are formed on the upper electrode 22 similarly to
the above. Moreover, a semiconductor substrate in which
pixel transistors are formed is disposed below the lower elec-
trode 23 with an insulating film disposed therebetween, and a
multilayer wiring layer having a plurality of layers of wirings
is disposed thereon with an interlayer insulating film disposed
therebetween.

[0122] In the present embodiment, one pixel has an area of
1.4 pym by 1.4 um. The thickness d2 of the semiconductor
layer 12 is set to about 300 nm although it depends on the light
absorption coefficient of an organic material used. However,
the thickness is not particularly limited. The other configura-
tions are the same as those described in relation to the basic
configuration shown in FIGS. 1A and 1B. Thus, portions in
FIGS. 8A and 8B corresponding to those of FIGS. 1A and 1B
will be denoted by the same reference numerals, and redun-
dant description thereof will be omitted.

[Exemplary Method of Manufacturing Solid-State Imaging
Device]

[0123] The processes of manufacturing the blue, red, and
green pixels 53B, 53R, and 53G in the solid-state imaging
device 58 of the third embodiment are the same as those
illustrated in FIGS. 4A to 4F. The conditions when forming
the vertical holes 38 will be described. In this example, an
example of the dry-etching conditions using a CCP (Capaci-
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tive Coupled Plasma) etching apparatus will be described
below. In addition, the processing conditions and other appa-
ratuses used other than the CCP etching apparatus are not
particularly limited similarly to the first embodiment.

[0124] Gas Type and Flow Rate: NF,/O,/HBr=40/15/200
sccm

[0125] Pressure: 100 mT

[0126] Upper Application Power: 700 W

[0127] Lower Application Power: 400 W

[0128] Etching Time: 20 sec

[0129] RF Frequency: Upper/Lower=40 MHz/3 MHz
[0130] The baking temperature during forming of the

organic photoelectric conversion film 13 was typically in the
range of 80° C. and 150° C. although it depends on a solvent.
The upper electrode 22 was an ITO (Indium Tin Oxide) film
and is deposited on a transparent glass substrate to a thickness
ofabout 30 nm. The lower electrode 23 was a metal electrode
having a thickness of about 30 nm, and is preferably formed
of metal having a low ohmic resistance to silicon, for
example, such as an alloy of indium, copper, aluminum, and
magnesium. The electron blocking film 21 was formed of a
silicon oxide (SiO) film having a thickness of 10 nm. The light
shielding film 19 was formed of a tungsten (W) film. The
etch-back of the electron blocking film 21 was performed
under conditions such that the etching selectivity to silicon
was high.

[0131] Such conditions are as follows, for example.
[0132] Gas Type and Flow Rate: C,Fg/O,/Ar=30/400/15
sccm

[0133] Pressure: 30 mT

[0134] According to the solid-state imaging device 58

according to the third embodiment, since all photoelectric
conversion portions of the blue, red, and green pixel 53B,
53R, and 53G are configured by the hybrid photoelectric
conversion portion 14, it is possible to provide a solid-state
imaging device enabling high-sensitivity, fast, and stable
driving. In addition, since all pixels are configured by the
hybrid photoelectric conversion portion, the thickness d2 of
the semiconductor layer 12 can be decreased further. Thus, it
is possible to decrease the thickness of the photoelectric con-
version portion further more than the silicon-based photo-
electric conversion portion. In addition, in the present
embodiment, the thickness d2 of the photoelectric conversion
portion of the entire pixel is decreased to about 300 nm. Since
the photoelectric conversion portion is thin, it is possible to
obtain advantages such as a reduction in the number of steps
for ion implantation, a reduction in the number of steps for
simulation-based evaluation, the ability to use a 3-dimen-
sional multilayer structure, or a broad range of device appli-
cations.

[0135] In addition to the above, the same advantages as
those described in relation to the basic configuration and the
first embodiment are obtained.

6. Fourth Embodiment

[Exemplary Configuration of Solid-State Imaging Device]

[0136] FIG. 9 shows a solid-state imaging device according
to a fourth embodiment of the present disclosure, namely a
back-illuminated CMOS solid-state imaging device. In par-
ticular, FIG. 9 shows a main part of a hybrid photoelectric
conversion portion among the configurations of the solid-
state imaging device. A solid-state imaging device 61 accord-
ing to the fourth embodiment is configured to include a pixel
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region having pixels made up of a hybrid photoelectric con-
version portion 14 and pixel transistors (not shown). Simi-
larly to the above, the hybrid photoelectric conversion portion
14 has a configuration in which a plurality of p-type organic
photoelectric conversion films 13 is embedded in a thin semi-
conductor layer 12 on which a p*-type semiconductor region
18, an n-type semiconductor region 16, and an n*-type semi-
conductor region 17 are formed.

[0137] In the present embodiment, in particular, in the
hybrid photoelectric conversion portion 14, a concavo-con-
vex shape is formed at the interface between the semiconduc-
tor layer 12 and the organic photoelectric conversion film 13.
The concavo-convex shape is obtained by forming vertical
holes 62 in which the organic photoelectric conversion film is
embedded using the Bosch process in the manufacturing pro-
cess described later.

[0138] The solid-state imaging device of the fourth
embodiment is configured by substituting the pixels having
the hybrid photoelectric conversion portion of which the
interface has a concavo-convex shape into the red and green
pixels 53R and 53G of the first embodiment or into all the
blue, red, and green pixels 53B to 53G of the third embodi-
ment. The other configurations are the same as those
described in the first and third embodiments. Thus, the cor-
responding portions will be denoted by the same reference
numerals, and redundant description thereof will be omitted.

[Exemplary Method of Manufacturing Solid-State Imaging
Device]

[0139] The process of manufacturing the hybrid photoelec-
tric conversion portion in the solid-state imaging device 61 of
the fourth embodiment is basically the same as that shown in
FIGS. 4A to 4F, except for the step of forming vertical holes.
In the present embodiment, when forming vertical holes in
which the organic photoelectric conversion film 13 is embed-
ded, vertical holes 62 of which the inner walls have a con-
cavo-convex shape are formed using a processing method
(so-called Bosch process) wherein an etching step and a
deposition step are alternately repeated. By embedding the
organic photoelectric conversion film 13 into the vertical
holes 62 of which the inner walls have a concavo-convex
shape, the interface between the semiconductor layer 12 and
the organic photoelectric conversion film 13 is formed into
the concavo-convex shape.

[0140] Inthis example, an example of the dry-etching con-
ditions using a CCP etching apparatus will be described
below. The size of concavo-convex patterns can be controlled
by controlling the flow rate ratio of SF, gas to C,F; gas and
adding O, gas to SF gas so as to accelerate protection of the
inner walls.

Etching Step Deposition Step

Gas Type and Flow Rate: SF6 = 30 scem C4F8 = 20 scem
Pressure: 10 mT 10 mT
Upper Application Power: 500 W 500 W

Lower Application Power: 30 W 40 W

Step Time: 12 sec 10 sec
[0141] According to the solid-state imaging device 61

according to the fourth embodiment, in the hybrid photoelec-
tric conversion portion 14, since the interface between the
semiconductor layer 12 and the organic photoelectric conver-
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sion film 13 has a concavo-convex shape, the interface area
increases. Thus, it is possible to accelerate the movement of
electrons from the organic photoelectric conversion film 13.
Due to the accelerated electron mobility, it is possible to
perform faster driving.

[0142] In addition to the above, the same advantages as
those described in relation to the basic configuration and the
first embodiment are obtained. In addition, the hybrid photo-
electric conversion portion of the fourth embodiment can be
applied to the hybrid photoelectric conversion portions of the
respective embodiments of the present disclosure.

7. Fifth Embodiment

[Exemplary Configuration of Solid-State Imaging Device]

[0143] FIGS. 10A and 10B show a solid-state imaging
device according to a fifth embodiment of the present disclo-
sure, namely a back-illuminated CMOS solid-state imaging
device. A solid-state imaging device 64 according to the fifth
embodiment is configured to include a pixel region in which
a group of four pixels made up of one blue pixel 53B and three
neighboring identical red and green pixels 53RG are arranged
in a two-dimensional array as shown in FIG. 10B. Moreover,
the blue pixel 53B is formed to have a photoelectric conver-
sion portion which is formed by a photodiode PD formed in a
silicon semiconductor region. The identical pixels 53RG are
configured to have a two-layer photoelectric conversion por-
tion 14RG in which red and green hybrid photoelectric con-
version portions are stacked.

[0144] That is, in the present embodiment, the thin single-
crystalline semiconductor layer 12 is divided into respective
pixels by an element separation region 15 which is formed by
a p-type semiconductor region. In the blue pixel 53B, a
p*-type semiconductor region 18, an n-type semiconductor
region 16, and a n*-type semiconductor region 17 are formed
in the semiconductor layer 12, and a photoelectric conversion
portion formed of a photodiode PD having a p-n junction j is
formed. In the identical pixels 53RG, the p*-type semicon-
ductor region 18, the n-type semiconductor region 16, and the
n*-type semiconductor region 17 are formed, and a plurality
(three in this example) of two-layer organic films 65 is
embedded in the semiconductor layer 12 having a p-n junc-
tion j. The two-layer organic film 65 is formed by stacking
organic films 13G and 13R sensitive to green and red wave-
length bands (hereinafter referred to as green and red organic
photoelectric conversion films) in two layers. The green and
red organic photoelectric conversion films 13G and 13R are
preferably stacked in the order of the green organic photo-
electric conversion film 13G and the red organic photoelectric
conversion film 13R from the upper layer. The number of
two-layer organic films 65 made up of the green and red
organic photoelectric conversion films 13G and 13R is pref-
erably an odd number so that the output signal intensities of
green and red are approximately equal to each other.

[0145] Although three two-layer organic films 65 are illus-
trated in FIGS. 10A and 10B in order to make it easy to
understand the number, in the present embodiment, six two-
layer organic films 65 are formed. The thickness d3 of the
semiconductor layer 12 in the blue pixel 53 is about 1 um. The
thicknesses t1 of the green and red organic photoelectric
conversion films 13G and 13R in the identical pixels 53RG
can be set to about 0.5 um. The pixel has an area of 1.4 um by
1.4 um.
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[0146] The semiconductor layer 12 is divided into four
semiconductor layer portions 121 to 124 by three two-layer
organic films 65. The green and red organic photoelectric
conversion films 13G and 13R which constitute the two-layer
organic film 65 are separated from each other by electron
blocking films 21. In addition, the electron blocking films 21
are extended to the interfaces between the green organic
photoelectric conversion film 13G and the second and fourth
semiconductor layer portions 122 and 124 so that electrons
generated in the green organic photoelectric conversion film
13G move to only the first and third semiconductor layer
portions 121 and 123. Moreover, the electron blocking films
21 are extended to the interfaces between the red organic
photoelectric conversion film 13R and the first and third semi-
conductor layer portions 121 and 123 so that electrons gen-
erated in the red organic photoelectric conversion film 13R
move to only the second and fourth semiconductor layer
portions 122 and 124. These electron blocking films 21 are
configured to prevent a color mixture and to extract electrons
of each color separately and are formed of a transparent
insulating film (for example, a silicon oxide film) having a
thickness t2 of about 10 nm. In addition, the electron blocking
film is also formed on the bottom portion of the organic
photoelectric conversion film, namely between the red
organic photoelectric conversion film 13R and the lower elec-
trode 23 similarly to the above.

[0147] A blue color filter (not shown) is formed in the blue
pixel 53B, and a yellow color filter (not shown) capable of
transmitting green and red light components is formed in the
identical pixels 53RG.

[0148] The other configurations are the same as those of the
first embodiment shown in FIGS. 6 A and 6B and the basic
configuration shown in FIGS. 1A and 1B. Thus, the corre-
sponding portions will be denoted by the same reference
numerals, and redundant description thereof will be omitted.

[0149] Next, the operation of the solid-state imaging device
64 of'the fifth embodiment will be described. A necessary bias
voltage is applied between the upper electrode 22 and the
lower electrode 23 so that the upper electrode 22 has the
negative potential, and the lower electrode 23 has the positive
potential. In the blue pixel 53B, incident light hv is subjected
to photoelectric conversion in the photodiode PD, and the
generated electrons serving as signal charges are output as
blue signals through the pixel transistors.

[0150] On the other hand, in the identical pixels 53RG, the
incident light hv is subjected to photoelectric conversion in
the green and red organic photoelectric conversion films 13G
and 13R, whereby electron-hole pairs are generated. The
electrons e serving as signals charges generated in the green
organic photoelectric conversion film 13G move toward the
first and third semiconductor layer portions 121 and 123 and
inside the semiconductor layer portions 121 and 123 and are
output as green signals through the pixel transistors. The
holes h generated in the green organic photoelectric conver-
sion film 13G are discharged through the upper electrode 22
which is a transparent electrode. The electrons e serving as
signals charges generated in the red organic photoelectric
conversion film 13R move toward the second and fourth
semiconductor layer portions 122 and 124 and inside the
semiconductor layer portions 122 and 124 and are output as
red signals through the pixel transistors. The holes h gener-
ated in the red organic photoelectric conversion film 13R are
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discharged through the upper electrode 22 which is a trans-
parent electrode while escaping the electron blocking film 21.

[Exemplary Method of Manufacturing Solid-State Imaging
Device]

[0151] FIGS. 11A to 11F show an exemplary method of
manufacturing the solid-state imaging device 64 of the fifth
embodiment, in particular, an exemplary method of forming
the hybrid photoelectric conversion portion 14 having the
two-layer organic film 65 of the identical pixels 53RG. As
shown in FIG. 11A, an odd number of vertical holes 38 are
formed, by dry-etching, in a semiconductor layer 12 in which
an n*-type semiconductor region, an n-type semiconductor
region, and a p*-type semiconductor region are formed by
implanting impurities as shown. By the same method, an
electron blocking film 21 is formed of a silicon oxide film, for
example. Subsequently, a resist mask 67 is selectively formed
in the respective vertical holes 38 with a separation width of
about 10 nm from one of the inner walls, namely so that a gap
38a having a width of 10 nm is left.

[0152] Subsequently, as shown in FIG. 11B, an electron
blocking film 21 formed of a silicon oxide film, for example,
is formed over the upper surface of the semiconductor layer
12 including the insides of the gap 384 of the vertical holes 38.
[0153] Subsequently, the electron blocking films 21 on the
upper side are etched back under the conditions of high etch-
ing selectivity to silicon so that the electron blocking films 21
having a height of 0.5 um are left in the gaps 38a. The
conditions for the etching selectivity are as follows, for

example.

[0154] Gas Type and Flow Rate: C,Fy/O,/Ar=30/400/15
sccm

[0155] Pressure: 30 mT

[0156] Subsequently, as shown in FIG. 11C, the resist mask

67 is delaminated and removed by oxygen (O,) ashing, for
example, and a red organic photoelectric conversion film 13R
is embedded to a thickness of 0.5 um into the vertical holes 38
by deposition.

[0157] Subsequently, as shown in FIG. 11D, an electron
blocking film 21 is formed on the surface of the red organic
photoelectric conversion film 13R. After forming the electron
blocking film 21, dry etch-back is performed under the same
conditions as above until the residual film thickness becomes
10 nm. Subsequently, a resist film 68 is selectively formed
with a separation width of about 10 nm from one of the inner
walls on the upper portions of the vertical holes 38, namely so
that a gap 385 having a width of about 10 nm is left.

[0158] Subsequently, as shown in FIG. 11E, an electron
blocking film 21 formed of a silicon oxide film, for example,
is formed over the upper surface of the semiconductor layer
12 including the insides of the gaps 384.

[0159] Subsequently, the other electron blocking films 21
are removed by performing dry etch-back under the same
conditions as above so that the electron blocking films 21 in
the gaps 385 are left. After that, the resist mask 68 is delami-
nated and removed.

[0160] Subsequently, as shown in FIG. 11F, a green organic
photoelectric conversion film 13G is embedded to a thickness
of 0.5 um into the upper portions of the vertical holes 38 by
deposition. Subsequently, a light shielding film 19 is formed
onthe surfaces of the p*-type semiconductor regions 18 of the
respective semiconductor layer portions 121 to 124.

[0161] Subsequently, although not shown in the drawing,
similarly to the above, the upper electrode 22 and the lower
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electrode 23 which are transparent electrodes are formed.
Moreover, the description of the steps of forming the respec-
tive pixel transistors, multilayer wiring layers color filters,
and on-chip microlenses of the blue pixel 53B and the iden-
tical pixels 53RG will be omitted.

[0162] According to the solid-state imaging device 64
according to the fifth embodiment, the green and red pixels
are configured as the identical pixels 53R G in which the green
and red organic photoelectric conversion films 13G and 13R
are stacked in two layers. Thus, under the same number of
pixels, the effective light collecting area becomes 2.2 or 1.1
times that of the back-illuminated solid-state imaging device
(in which color filters have the Bayer arrangement) having the
silicon-based structure of the related art. Ideally, if an organic
material having quantization efficiency of 0.5 times or greater
than that of silicon, the red sensitivity is increased by 1.1
times or more, and substantially the same green sensitivity as
the silicon-based structure can be realized. Moreover, the
thicknesses of the photoelectric conversion portions of all
pixels can be decreased to about 1 pm from about 3 pm of'the
related art.

[0163] In addition to the above, the same advantages as
those described in relation to the basic configuration and the
first embodiment are obtained.

8. Sixth Embodiment

[Exemplary Configuration of Solid-State Imaging Device]

[0164] FIGS. 12A and 12B show a solid-state imaging
device according to a sixth embodiment of the present disclo-
sure, namely a back-illuminated CMOS solid-state imaging
device. A solid-state imaging device 67 according to the sixth
embodiment is configured to include a pixel region in which
red, green, and blue pixels are configured as identical pixels
53RGB, and the identical pixels 53RGB are arranged in a
two-dimensional array. The identical pixels 53RGB are con-
figured to have a three-layer photoelectric conversion portion
14RGB in which red, green, and blue hybrid photoelectric
conversion portions are stacked in three layers.

[0165] That is, in the present embodiment, a thin single-
crystalline silicon semiconductor layer 12 is divided into
respective pixels by the element separation region 15 which is
formed by a p-type semiconductor region. Each pixel region
is configured by the identical pixel 53RGB. In the identical
pixels 53RGB, the p'-type semiconductor region 18, the
n-type semiconductor region 16, and the n'-type semiconduc-
tor region 17 are formed, and a plurality (three in this
example) of three-layer organic films 68 is embedded in the
semiconductor layer 12 having a p-n junction j. The three-
layer organic film 68 is formed by stacking organic films 13B,
13G, and 13R sensitive to blue, green, and red wavelength
bands (hereinafter referred to as blue, green, and red organic
photoelectric conversion films) in three layers.

[0166] Since the solid-state imaging device 67 having the
three-layer organic film 68 can disperse incident light hv in
the vertical direction, color filters and optical low-pass filters
are notnecessary. The blue, green, and red organic photoelec-
tric conversion films 13B, 13G, and 13R are preferably
stacked in the order of the blue organic photoelectric conver-
sion film 13B, the green organic photoelectric conversion film
13G, and the red organic photoelectric conversion film 13R
from the upper layer. The number of three-layer organic films
68 made up of the blue, green, and red organic photoelectric
conversion films 13B, 13G, and 13R is preferably the mul-
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tiple of 3 so that the output signal intensities of blue, green,
and red are approximately equal to each other.

[0167] Although three two-layer organic films 68 are illus-
trated in FIGS. 12A and 12B in order to make it easy to
understand the number, in the present embodiment, six three-
layer organic films 68 are formed. The thickness of the three-
layer organic film 68 in the identical pixel 53RGB is about
600 nm. The thicknesses of the respective color organic pho-
toelectric conversion films 13B, 13G, and 13R are about 0.2
pm. The pixel has an area of 1.4 um by 1.4 pm.

[0168] The semiconductor layer 12 is divided into four
semiconductor layer portions 121 to 124 by three three-layer
organic films 68. The blue, green, and red organic photoelec-
tric conversion films 13B, 13G, and 13R which constitute the
three-layer organic film 68 are separated from each other by
electron blocking films 21. In addition, the electron blocking
films 21 are formed at the interfaces between the blue organic
photoelectric conversion film 13B and the second and third
semiconductor layer portions 122 and 123 so that electrons
generated in the blue organic photoelectric conversion films
13B of the first and third three-layer organic films 68 move to
only the first and fourth semiconductor layer portions 121 and
124. Moreover, the electron blocking films 21 are formed at
the interfaces between the green organic photoelectric con-
version film 13G and the first and third semiconductor layer
portions 121 and 123 so that electrons generated in the green
organic photoelectric conversion films 13G of the second and
third three-layer organic films 68 move to only the second
semiconductor layer portion 122. Furthermore, the electron
blocking films 21 are formed at the interfaces between the red
organic photoelectric conversion film 13R and the second and
fourth semiconductor layer portions 122 and 124 so that
electrons generated in the red organic photoelectric conver-
sion films 13R of the second and third three-layer organic
films 68 move to only the third semiconductor layer portion
123.

[0169] The entire peripheries of the red, blue, and green
organic photoelectric conversion films 13R, 13B, and 13R of
the first, second, and third three-layer organic films 38 are
covered by the electron blocking films 21. In addition, the
electron blocking film 21 is also formed on the bottom portion
of the organic photoelectric conversion film, namely the
respective three-layer organic films 68 similarly to the above.
[0170] The other configurations are the same as those of the
first embodiment and the basic configuration. Thus, the cor-
responding portions will be denoted by the same reference
numerals, and redundant description thereof will be omitted.
[0171] Next, the operation of the solid-state imaging device
67 of the sixth embodiment will be described. A necessary
bias voltage is applied between the upper electrode 22 and the
lower electrode 23 so that the upper electrode 22 has the
negative potential, and the lower electrode 23 has the positive
potential. In the identical pixels 53RGB, the incident light hv
is subjected to photoelectric conversion in the blue, green,
and red organic photoelectric conversion films 13B, 13G, and
13R, whereby electron-hole pairs are generated. The elec-
trons e serving as signals charges generated in the blue
organic photoelectric conversion film 13B move toward the
first and fourth semiconductor layer portions 121 and 124 and
inside the semiconductor layer portions 121 and 124 and are
output as blue signals through the pixel transistors. The holes
h generated in the blue organic photoelectric conversion film
13B are discharged through the upper electrode 22 which is a
transparent electrode.
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[0172] The electrons e serving as signals charges generated
in the green organic photoelectric conversion film 13G move
toward the second semiconductor layer portion 122 and
inside the semiconductor layer portion 122 and are output as
green signals through the pixel transistors. The electrons e
serving as signals charges generated in the red organic pho-
toelectric conversion film 13R move toward the third semi-
conductor layer portion 123 and inside the semiconductor
layer portion 123 and are output as red signals through the
pixel transistors. The holes h generated in the green and red
organic photoelectric conversion films 13G and 13R are dis-
charged through the upper electrode 22 while escaping the
electron blocking film 21. The electrons generated in the red,
blue, and green organic photoelectric conversion films 13R,
13B, and 13G of the first, second, and third three-layer
organic films 68 do not move anywhere but recombine with
the lapse of time and are not used as signals.

[Exemplary Method of Manufacturing Solid-State Imaging
Device]

[0173] The solid-state imaging device 67 of the sixth
embodiment, in particular, the hybrid photoelectric conver-
sion portion having the three-layer organic film 68 of the
identical pixels 53RGB can be formed by using the processes
described in FIGS. 11A to 11F. That is, the three-layer
organic film 68 can be formed by repeating the processes of
forming the respective color organic photoelectric conversion
films and the electron blocking films using the processes of
forming the two-layer organic film described in FIGS. 11A to
11F.

[0174] According to the solid-state imaging device 67
according to the sixth embodiment, the blue, green, and red
pixels are formed as the identical pixels 53RGB in which the
blue, green, and red organic photoelectric conversion films
13B, 13G, and 13R are stacked in three layers. Thus, under
the same number of pixels, the effective light collecting area
becomes 2.8 times that of the back-illuminated solid-state
imaging device (in which color filters have the Bayer arrange-
ment) having the silicon-based structure of the related art. In
addition, the effective light collecting area can be improved
by three times or more considering the non-presence of color
filters and optical low-pass filters in which the rate of optical
loss is about 10%. Ideally, if an organic material having
quantization efficiency of 0.5 times or greater than that of
silicon, the effective light collecting area is increased by 3
times or more, and the sensitivity is increased by 1.5 times or
more. Moreover, the thicknesses d4 of the photoelectric con-
version portions of all pixels can be decreased to about 0.6 pm
from about 3 um of the related art.

[0175] Thus, it is possible to improve light incidence effi-
ciency as compared to the silicon-based structure of the
related art. Since red, green, and blue are detected by the same
pixel region, it is possible to suppress false color as compared
to the silicon-based structure. In addition to the above, the
same advantages as those described in relation to the basic
configuration and the first embodiment are obtained.

9. Seventh Embodiment

[Exemplary Configuration of Solid-State Imaging Device
and Exemplary Manufacturing Method Thereof]

[0176] A solid-state imaging device according to a seventh
embodiment of the present disclosure, namely, a bask-illumi-
nated CMOS solid-state imaging device is has a configuration
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in which in the solid-state imaging device of the fifth or sixth
embodiment, the vertical holes in which the organic photo-
electric conversion film is embedded are formed into a con-
cavo-convex shape. That is, the solid-state imaging device
according to the seventh embodiment is formed by forming
the vertical holes in which the organic photoelectric conver-
sion film in the fifth or sixth embodiment is embedded using
the Bosch process described in the fourth embodiment.
[0177] In the method of manufacturing the solid-state
imaging device according to the seventh embodiment, in par-
ticular, when forming the hybrid photoelectric conversion
portion, the vertical holes in which the organic photoelectric
conversion films are embedded is formed using the Bosch
process. The other processes for forming the hybrid photo-
electric conversion portion are the same as those shown in
FIGS. 4A to 4F.

[0178] According to the solid-state imaging device accord-
ing to the seventh embodiment, it is possible to further accel-
erate the movility of electrons from the organic photoelectric
conversion film to the silicon semiconductor layer as com-
pared to the solid-state imaging device of the fifth or sixth
embodiment. In addition to the above, the same advantages as
those described in relation to the basic configuration and the
fifth and sixth embodiments are obtained.

[0179] Inthe first to seventh embodiments described above,
although electrons e are used as signal charges, by using the
basic configuration shown in FIGS. 2A and 2B in which holes
h are used as signal charges, the solid-state imaging device
according to the first to seventh embodiments can be substi-
tuted into a solid-state imaging device in which holes h are
used as signal charges. In that case, the conductivity types of
the respective organic photoelectric conversion films and
semiconductor regions are changed to the opposite conduc-

tivity types.
10. Eighth Embodiment

[Exemplary Configuration of Solid-State Imaging Device]

[0180] FIG. 13 and FIGS. 14A to 14C show a solid-state
imaging device according to an eighth embodiment of the
present disclosure, namely a back-illuminated CMOS solid-
state imaging device. FIG. 13 is a perspective view showing a
simplified configuration corresponding to the four pixels of
red, blue, green, and green pixels of the solid-state imaging
device according to the third embodiment. FIGS. 14A to 14C
are cross-sectional views taken along the lines A-A, B-B, and
C-C in FIG. 13, respectively.

[0181] A solid-state imaging device 71 according to the
eighth embodiment is configured to include a pixel region in
which a group of red, blue, green, and green pixels corre-
sponding to the Bayer arrangement are arranged in a two-
dimensional array as shown in FIG. 13. The respective pixels
are divided by an element separation region which is formed
by a p-type semiconductor region. The respective pixels 53R,
53@G, and 53B include the hybrid photoelectric conversion
portion 14 and the plurality of pixel transistors shown in
FIGS. 1A and 1B. That is, as shown in FIG. 14 A, the respec-
tive color pixels include the hybrid photoelectric conversion
portion 14 in which a plurality of organic photoelectric con-
version films 13 sensitive to light having the wavelengths of
the corresponding colors is embedded into a semiconductor
layer 12 having a p*-type semiconductor region 18, an n-type
semiconductor region 16, and an n*-type semiconductor
region 17. The semiconductor layer 12 divided by the organic
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photoelectric conversion films 13 is used for the movement of
electrons e of the generated electron-hole pairs. The other
configurations of the respective color pixels 53R, 53G, and
53B are the same as those described in relation to FIGS. 1A
and 1B. Thus, the corresponding portions will be denoted by
the same reference numerals, and redundant description
thereof will be omitted.

[0182] Moreover, the pixels neighboring each other in the
horizontal direction of the pixel region are completely sepa-
rated in the element separation region 15. On the other hand,
as shown in FIGS. 14B and 14C, in the element separation
region 15 between the pixels neighboring each other in the
vertical direction of the pixel region, wiring layers 73 are
formed so as to be provided for the movement ofholes h of the
electron-hole pairs generated in the organic photoelectric
conversion films 13 of one pixel described later. The wiring
layers 73 can be formed of copper wiring or organic wirings
such as carbon nanotubes, for example. On the element sepa-
ration region 15 between the pixels neighboring in the vertical
direction, the light shielding film 19 on the upper portion of
the semiconductor layer of the hybrid photoelectric conver-
sion portion 14 is extended. Moreover, the respective wiring
layers 73 have their upper portions being in contact with the
lateral surfaces on the upper side of the organic photoelectric
conversion film 13 and have their lower portions being con-
nected to p-type charge accumulation regions 74 which con-
stitute transfer transistors Tr11.

[0183] The wiring layers 73 corresponding to one pixel are
formed so as to correspond to a plurality of pixel transistors,
and at least the transfer transistors Tr11l are formed in a
number corresponding to the number of wiring layers 73 for
one pixel. The transfer transistor Tr11 is configured to include
the p-type charge accumulation region 74, a transfer gate
electrode 75, and a p-type floating diffusion FD. The other
common amplification transistor, reset transistor, and select
transistor are also formed by a p-channel transistor. The
p-type tloating diffusions FD corresponding to the respective
wiring layers 73 are commonly connected to the amplifica-
tion gate electrode of the amplification transistor.

[0184] A pixel transistor including the transfer transistor
Trl for transferring electrons e and the transfer transistor Tr11
for transferring hole h may also be configured by an organic
thin-film transistor (organic TFT), for example. The other
pixel transistors (the amplification, reset, and select transis-
tors) may also be configured by an organic TFT.

[0185] Although three organic photoelectric conversion
films 13 are illustrated in FIG. 13 and FIGS. 14A to 14C in
order to make it easy to understand the number, in the present
embodiment, six organic photoelectric conversion films 13
are formed. The width w3 of the organic photoelectric con-
version film is set to about 200 nm, the width w4 between the
organic photoelectric conversion films 13 is set to about 50
nm, and the width w5 of the hole wiring layer 73 is set to about
100 nm. The pixel including the wiring layer has an area of
1.65 um by 1.65 pum.

[0186] Next, the operation of the solid-state imaging device
71 of the eighth embodiment will be described. A necessary
bias voltage is applied between the upper electrode 22 and the
lower electrode 23 so that the upper electrode 22 has the
negative potential, and the lower electrode 23 has the positive
potential. Light hv enters the p-type organic photoelectric
conversion films 13 of the respective pixels, and electron-hole
pairs are generated in the respective organic photoelectric
conversion films 13. Hereinafter, the operation in one pixel
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will be described. The electrons e of the electron-hole pairs
move to the semiconductor layer 12 and inside the semicon-
ductor layer 12 and are accumulated in an n-type charge
accumulation region 26 as shown in FIG. 14A. By the driving
of the pixel transistors, the electrons e are transferred to the
n-type floating diffusions FD, and thereafter, the electrons e
in the respective floating diffusions FD are output as signals
through the common amplification transistor and the like.

[0187] On the other hand, the holes h of the electron-hole
pairs move to the wiring layers 73 and are accumulated in the
p-type charge accumulation regions 74 through the wiring
layers 73 as shown in FIGS. 14B and 14C. Here, the holes h
in the organic photoelectric conversion films 13 move to the
wiring layers since the barrier between the organic photoelec-
tric conversion films 13 and the wiring layers 73 is lower than
the barrier between the organic photoelectric conversion
films 13 and the upper electrode 22 which is a transparent
electrode. After that, by the driving of the pixel transistors, the
hole h in the respective p-type charge accumulation regions
74 are transferred to the respective p-type floating diffusions
FD, and the holes h in the respective floating diffusions FD are
output as signals through the common amplification transis-
tor and the like. Moreover, as shown in FIG. 13, electron
signals based on the electrons e serving as signal charges are
converted into digital signals by an electron AD converter 76.
Hole signals based on the holes h serving as signal charges are
converted into digital signals by a hole AD converter 77. The
timings for extracting the electrons e and the holes h into the
floating diffusions FD are synchronized taking the difference
in the mobility of the holes h and the electrons into account.
Thereafter, the electron and hole signals from the AD con-
verters 76 and 77 are combined by a signal combination and
processing circuit 78 and are output as processed pixel sig-
nals. The signal combination and processing circuit 78 per-
forms luminance processing, color processing, color matrix
processing, and the like.

[0188] According to the solid-state imaging device 71
according to the eighth embodiment, in one pixel, since both
the electron e and hole h charges generated through photo-
electric conversion are used as signal charges, it is possible to
further improve sensitivity. Under the same number of pixels,
the effective light collecting area becomes about 1.5 times
that of the solid-state imaging device (in which color filters
have the Bayer arrangement) having the silicon-based struc-
ture of the related art. Ideally, the effective light collecting
area is increased by 1.5 times or more. If an organic material
having quantization efficiency of 0.5 times or greater than that
of'silicon is used, the sensitivity is increased by 1.5 times or
more, and substantially the same or superior sensitivity as the
silicon-based structure can be realized. Moreover, the thick-
nesses d5 of the photoelectric conversion portions of all pixels
can be decreased to about 0.6 um.

[0189] In the eighth embodiment, although the semicon-
ductor layer 12 is used for the movement of electrons and the
wiring layers 73 are used for the movement of holes h, the
semiconductor layer 12 may be used for the movement of
holes h and the wiring layers 73 may be used for the move-
ment of electrons. In this case, the conductivity types of the
respective semiconductor regions including the organic pho-
toelectric conversion films 13 and the semiconductor layer 12
are changed to the opposite conductivity types. In addition to
the above, the same advantages as those described in relation
to the basic configuration and the first embodiment are
obtained.
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[0190] While the present disclosure has been described by
way of the solid-state imaging devices according to the first to
eighth embodiments, these embodiments illustrate preferred
modes of the present disclosure. The technical scope of the
present disclosure is not limited to these embodiments. In the
embodiments described above, although the visible light
region is described, in principle, the present disclosure can be
applied to solid-state imaging devices which are sensitive to
other wavelength bands other than the visible light, for
example, terahertz rays, infrared rays, ultraviolet rays, and X
rays depending on the sensitive region of used organic mate-
rials.

11. Ninth Embodiment

[Exemplary Configuration of Electronic Apparatus]

[0191] The solid-state imaging devices according to the
embodiments of the present disclosure can be applied to a
camera system such as a digital camera or a video camera and
an electronic apparatus such as a mobile phone having imag-
ing capability or other apparatuses having imaging capability.
[0192] FIG. 16 shows a camera as an example of an elec-
tronic apparatus according to a ninth embodiment of the
present disclosure. The camera according to the present
embodiment is an example of a video camera capable of
capturing still images or movies. The camera 101 according
to the present embodiment includes a solid-state imaging
device 102, an optical system 103 that guides incident light to
a reception sensor portion of the solid-state imaging device
102, a shutter mechanism 104, a driving circuit 105 for driv-
ing the solid-state imaging device 102, and a signal process-
ing circuit 106 for processing the output signals of the solid-
state imaging device 102.

[0193] The solid-state imaging device 102 is a solid-state
imaging device according to any one of the above-described
embodiments. The optical system (optical lens) 103 causes an
image light (incident light) from a subject to be focused on an
imaging surface of the solid-state imaging device 102. In this
way, signal charges are accumulated for a predetermined
period in the solid-state imaging device 102. The optical
system 103 may be an optical lens system made up of a
plurality of optical lenses. The shutter mechanism 104 con-
trols the periods in which the entrance of light to the solid-
state imaging device 102 is allowed or not. The driving circuit
105 supplies a driving signal for controlling the transfer
operation of the solid-state imaging device 102 and the shut-
ter operation of the shutter mechanism 104. Signals are trans-
ferred in the solid-state imaging device 102 in accordance
with the driving signal (timing signal) supplied from the
driving circuit 105. The signal processing circuit 106 per-
forms various signal processing. The processed video signals
are stored in a storage medium such as a memory or output to
a monitor.

[0194] According to the electronic apparatus according to
the ninth embodiment, since the solid-state imaging device
includes pixels which include the hybrid photoelectric con-
version portion made up of an organic film and a semicon-
ductor layer, it is possible to improve sensitivity and perform
fast and stable driving. Thus, it is possible to provide a high-
quality electronic apparatus. For example, it is possible to
provide a high-quality camera and the like.

[0195] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
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tion JP 2010-189284 filed in the Japan Patent Office on Aug.
26, 2010, the entire content of which is hereby incorporated
by reference.

[0196] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
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.

What is claimed is:

1. A solid-state imaging device comprising:

pixels each including a hybrid photoelectric conversion
portion and pixel transistors,

wherein the hybrid photoelectric conversion portion
includes

a semiconductor layer having a p-n junction,

a plurality of columnar or cylindrical hollow-shaped
organic material layers disposed in the semiconductor
layer, and

a pair of electrodes disposed above and below the semi-
conductor layer and the organic material layers,

wherein charges generated in the organic material layers
through photoelectric conversion move inside the semi-
conductor layer so as to be guided to a charge accumu-
lation region, and

wherein the solid-state imaging device is configured as a
back-illuminated type in which light is incident from a
surface opposite to the surface on which the pixel tran-
sistors are formed.

2. The solid-state imaging device according to claim 1,

wherein photoelectric conversion portions of blue, green,
and red pixels are configured by the hybrid photoelectric
conversion portion.

3. The solid-state imaging device according to claim 1,

wherein in the hybrid photoelectric conversion portion, a
self-assembled molecular film is formed at the interface
between the organic material layer and the semiconduc-
tor layer.

4. The solid-state imaging device according to claim 1,

wherein the interface between the organic material layer
and the semiconductor layer is formed in a concavo-
convex shape.

5. The solid-state imaging device according to claim 1,

wherein a photoelectric conversion portion of a blue pixel
is configured by the semiconductor layer having the p-n
junction, and

wherein photoelectric conversion portions of green and red
pixels are configured by the hybrid photoelectric con-
version portion.

6. The solid-state imaging device according to claim 1,

wherein a photoelectric conversion portion of a blue pixel
is configured by the semiconductor layer having the p-n
junction,

wherein green and red pixels which are configured as iden-
tical pixels are configured by the hybrid photoelectric
conversion portion,

wherein in the identical pixels, two kinds of organic mate-
rial layers sensitive to green and red light are stacked so
as to be separated in the thickness direction of the semi-
conductor layer, and

wherein charges generated in the two kinds of organic
material layers move inside the different semiconductor
layers.
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7. The solid-state imaging device according to claim 1,
wherein blue, green, and red pixels which are configured as
identical pixels are configured by the hybrid photoelec-
tric conversion portion,
wherein in the identical pixels, three kinds of organic mate-
rial layers sensitive to blue, green, and red light are
stacked so as to be separated in the thickness direction of
the semiconductor layer, and
wherein charges generated in the three kinds of organic
material layers move inside the different semiconductor
layers.
8. The solid-state imaging device according to claim 5,
wherein in the hybrid photoelectric conversion portion, a
self-assembled molecular film is formed at the interface
between the organic material layer and the semiconduc-
tor layer.
9. The solid-state imaging device according to claim 5,
wherein the interface between the organic material layer
and the semiconductor layer is formed in a concavo-
convex shape.
10. A method of manufacturing a solid-state imaging
device, comprising:
forming a plurality of depthwise vertical holes in a semi-
conductor layer having a p-njunction corresponding to a
pixel;
embedding an organic material layer into the vertical holes
with an insulating film disposed on the bottom portions
of the vertical holes;
forming a light shielding film on a rear surface of the
semiconductor layer where light enters, excluding the
organic material layer; and
disposing a pair of electrodes with the organic material
layer and the semiconductor layer disposed therebe-
tween to thereby form a hybrid photoelectric conversion
portion,
wherein pixel transistors constituting the pixel are dis-
posed on the electrode disposed on a side of the semi-
conductor layer where no light enters with an insulating
film disposed therebetween.
11. The method of manufacturing the solid-state imaging
device according to claim 10,
wherein photoelectric conversion portions of blue, green,
and red pixels are formed of the hybrid photoelectric
conversion portion.
12. The method of manufacturing the solid-state imaging
device according to claim 10,
wherein in the hybrid photoelectric conversion portion, a
self-assembled molecular film is formed at the interface
between the organic material layer and the semiconduc-
tor layer.
13. The method of manufacturing the solid-state imaging
device according to claim 10,
wherein in the forming the vertical holes, vertical holes
having concavo-convex shaped inner walls are formed.
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14. The method of manufacturing the solid-state imaging
device according to claim 10,
wherein a photoelectric conversion portion of a blue pixel
is configured by the semiconductor layer having the p-n
junction, and
wherein photoelectric conversion portions of green and red
pixels are configured by the hybrid photoelectric con-
version portion.
15. The method of manufacturing the solid-state imaging
device according to claim 10,
wherein a photoelectric conversion portion of a blue pixel
is configured by the semiconductor layer having the p-n
junction,
wherein green and red pixels which are configured as iden-
tical pixels are configured by the hybrid photoelectric
conversion portion,
wherein in the identical pixels, two kinds of organic mate-
rial layers sensitive to green and red light are stacked so
as to be separated in the thickness direction of the semi-
conductor layer, and
wherein charges generated in the two kinds of organic
material layers move inside the different semiconductor
layers.
16. The method of manufacturing the solid-state imaging
device according to claim 10,
wherein blue, green, and red pixels which are configured as
identical pixels are configured by the hybrid photoelec-
tric conversion portion,
wherein in the identical pixels, three kinds of organic mate-
rial layers sensitive to blue, green, and red light are
stacked so as to be separated in the thickness direction of
the semiconductor layer, and
wherein charges generated in the three kinds of organic
material layers move inside the different semiconductor
layers.
17. The method of manufacturing the solid-state imaging
device according to claim 14,
wherein in the hybrid photoelectric conversion portion, a
self-assembled molecular film is formed at the interface
between the organic material layer and the semiconduc-
tor layer.
18. The method of manufacturing the solid-state imaging
device according to claim 14,
wherein in the forming the vertical holes, vertical holes
having concavo-convex shaped inner walls are formed.
19. An electronic apparatus comprising:
a solid-state imaging device;
an optical system that guides incident light to a photoelec-
tric conversion portion of the solid-state imaging device;
and
a signal processing circuit that processes output signals of
the solid-state imaging device,
wherein the solid-state imaging device is configured by the
solid-state imaging device according to claim 1.
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