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(57) ABSTRACT

A solid-state imaging device according to the present dis-
closure includes pixels arranged two-dimensionally, each of
the pixels including: a metal electrode; a photoelectric
conversion layer that is on the metal electrode and converts
light into an electrical signal; a transparent electrode on the
photoelectric conversion layer; an electric charge accumu-
lation region that is electrically connected to the metal
electrode and accumulates electric charges from the photo-
electric conversion layer; an amplifier transistor that applies
a signal voltage according to an amount of the electric
charges in the electric charge accumulation region; and a
reset transistor that resets electrical potential of the electric
charge accumulation region, in which the reset transistor
includes a gate oxide film thicker than a gate oxide film of
the amplifier transistor.
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FIG. 2A
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1
SOLID-STATE IMAGING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a continuation application of PCT International
Application No. PCT/JP2013/001510 filed on Mar. 8, 2013,
designating the United States of America, which is based on
and claims priority of Japanese Patent Application No.
2012-144763 filed on Jun. 27, 2012. The entire disclosures
of the above-identified applications, including the specifi-
cations, drawings and claims are incorporated herein by
reference in their entirety.

FIELD

The present disclosure relates to a solid-state imaging
device including an array of pixels.

BACKGROUND

Stacked sensors have been proposed in which photoelec-
trically convertible materials are stacked above semiconduc-
tor substrates and which allow a large amount of saturation
electric charge even in miniaturized pixels.

FIG. 5 is a cross sectional view of a pixel in a stacked
imaging sensor described in Patent Literature (PTL) 1. As
shown in FIG. 5, a photoelectric conversion layer 210, a
transparent electrode 211, and a pixel electrode 212 are
formed above a semiconductor substrate 200. Moreover,
plural impurity regions included in output circuits are
formed in the semiconductor substrate 200. The impurity
region includes an n-type electric charge accumulation part
201 for accumulating electric charges generated in the
photoelectric conversion layer 210 and a p-type surface
doping region 202 for reducing leakage caused by a surface
defect of the semiconductor substrate 200 at the top of the
electric charge accumulation part 201. Moreover, in order to
output the electric charges accumulated in the charge accu-
mulation part 201 to a signal line, a transfer transistor 204
for transferring the electric charges to a floating diffusion
part 203 is formed. The floating diffusion part 203 is
connected to a gate of an amplifier transistor 205 in order to
convert the electric charges into a voltage according to the
amount of the electric charges, and a selection transistor 206
is formed in the floating diffusion part 203 in order to select
pixels to be outputted to the signal line. Moreover, a reset
transistor 207 is formed to reset electrical potential of the
floating diffusion part 203. Moreover, a contact 208 is
provided in order to transmit photoelectric charges gener-
ated in the photoelectric conversion layer 210 to the electric
charge accumulation part 201, and an n-type contact doping
region 209 having a high dopant concentration is formed in
order to decrease a contact resistance.

CITATION LIST
Patent Literature

[PTL 1] Japanese Unexamined Patent Application Publi-
cation No. 2009-164604

SUMMARY
Technical Problem

The p-type surface doping region 202 and an n-type
contact doping region 209 generate a pn junction near the
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contact 208 in a surface of the semiconductor substrate 200.
A leakage current in the pn junction depends on an electric
field intensity of the junction area. Therefore, the dopant
concentration of the surface doping region 202 cannot be set
above a certain level for the purpose of reducing the leakage
current in the junction area.

However, the surface doping region 202 is originally
provided for the purpose of reducing a leakage current
caused by a defect near an end of a gate where a surface
defect of the surface doping region 202 is easily induced
especially in processing. Therefore, a decrease in the dopant
concentration results in insufficient suppression of a leakage
current that is caused by such a defect.

In view of the aforementioned problem, one non-limiting
and explanatory embodiment provides a stacked solid-state
imaging device having a high sensitivity and in which a
leakage current is suppressed.

Solution to Problem

In order to solve the aforementioned problem, the solid-
state imaging device according to the present disclosure
includes pixels arranged two-dimensionally, each of the
pixels including: a metal electrode; a photoelectric conver-
sion layer that is on the metal electrode and converts light
into an electrical signal; a transparent electrode on the
photoelectric conversion layer; an electric charge accumu-
lation region that is electrically connected to the metal
electrode and accumulates electric charges from the photo-
electric conversion layer; an amplifier transistor that applies
a signal voltage according to an amount of the electric
charges in the electric charge accumulation region; and a
reset transistor that resets electrical potential of the electric
charge accumulation region, in which the reset transistor
includes a gate oxide film thicker than a gate oxide film of
the amplifier transistor.

With the above configuration, a high voltage can be
applied to a gate electrode of the reset transistor, electric
charges included in the surface doping region are collected
near an end of a gate, and an electrical potential of the
surface doping region can be stabilized, thereby suppressing
a leakage current.

Advantageous Effects

With the solid-state imaging device according to the
present disclosure, it is possible to reduce a leakage current
in the electric charge accumulation part, reduce 1/f noise,
and implement a solid-state imaging device having a high
sensitivity (S/N).

BRIEF DESCRIPTION OF DRAWINGS

These and other objects, advantages and features of the
disclosure will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings that illustrate a specific embodiment of the present
disclosure.

FIG. 1 is a circuit diagram illustrating an example of a
solid-state imaging device according to embodiments.

FIG. 2A is a cross sectional view illustrating an example
of a structure of a pixel according to the embodiments.

FIG. 2B is a cross sectional view illustrating an example
of a structure of a power source circuit according to the
embodiments.

FIG. 3 is a plan view of a pixel in a solid-state imaging
device according to Embodiment 1.



US 9,813,651 B2

3

FIG. 4 is a plan view of a pixel in a solid-state imaging
device according to Embodiment 2.

FIG. 5 is a cross sectional view of a pixel of a stacked
imaging sensor described in PTL 1.

DESCRIPTION OF EMBODIMENTS

Hereinafter, detailed descriptions will be given of the
embodiments with reference to the drawings. It is to be
noted that the present disclosure is not limited to the
embodiments described below. Moreover, any modifications
are possible without departing from a range in which the
present disclosure provides advantageous effects. Further-
more, combinations with other embodiments are also pos-
sible.

Embodiment 1

First, a description is given of an example of a structure
of a pixel circuit in a solid-state imaging device according to
Embodiment 1 with reference to FIG. 1.

FIG. 1 is a circuit diagram illustrating an example of a
solid-state imaging device according to embodiments. The
solid-state imaging device in FIG. 1 is an example of stacked
imaging sensors in which pixels 10 are two-dimensionally
arranged. The pixel 10 includes therein a metal electrode 11,
a photoelectric conversion layer 13 that is formed on the
metal electrode 11 and converts light into an electrical
signal, a transparent electrode 12 formed on the photoelec-
tric conversion layer 13, an electric charge accumulation
region (floating diffusion) 14 that accumulates the electric
charges from the photoelectric conversion layer 13, an
amplifier transistor 15 that applies a signal voltage according
to the amount of the electric charges in the electric charge
accumulation region 14, a reset transistor 16 that resets
electrical potential of the electric charge accumulation
region, and a selection transistor 17.

The photoelectric conversion layer 13 performs photo-
electric conversion on incident light to generate a signal
electric charge. The signal electric charge generated by the
photoelectric conversion layer 13 is transferred to the elec-
tric charge accumulation region 14 via the metal electrode
11. In this embodiment, a positive bias voltage of approxi-
mately 10 V is applied to a transparent electrode 12 in order
to transfer the electric charge.

The electric charge transferred to the electric charge
accumulation region 14 is amplified by the amplifier tran-
sistor 15. When the selection transistor 17 enters an ON
state, the signal amplified by the amplifier transistor 15 is
outputted to an output signal line 18.

In order to remove thermal (kKTC) noise generated in an
operation of the reset transistor 16, a noise component
having opposite phase is returned from the output signal line
18 to the electric charge accumulation region 14 via a
feedback line 19 to cancel out the thermal (kKTC) noise.

Signals for controlling transistors in the pixel are provided
from a vertical circuit 20 and outputted to a signal terminal
24 via a horizontal circuit 21. The voltage of approximately
10 V to be applied to the transparent electrode 12 is
generated by a power source circuit 22 provided in the same
chip for the purpose of miniaturization.

Subsequently, an example of a cross-sectional structure of
the pixel 10 included in the solid-state imaging device
according to Embodiment 1 will be described with reference
to FIG. 2A.

FIG. 2A is a cross sectional view illustrating an example
of a structure of a pixel according to the embodiments. As
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illustrated in the diagram, the pixel 10 in the solid-state
imaging device according to this embodiment includes an
n-type well 1 formed in a semiconductor substrate, the
photoelectric conversion layer 13 that is formed above the
semiconductor substrate and performs a photoelectric con-
version on incident light to generate a signal electric charge,
and the metal electrode 11 and the transparent electrode 12
having the photoelectric conversion layer 13 therebetween.
The transparent electrode 12 is made of, for example, ITO
or ZnO in order to allow light to enter the photoelectric
conversion layer 13.

In this embodiment, the n-type well 1 formed in the
semiconductor substrate is used, but a p-type well formed in
the semiconductor substrate may be used. In this case, the
conductivity type of an impurity described below is
switched between the n type and the p type.

Moreover, as for the electric charge generated in the
photoelectric conversion layer 13, a hole is transferred via
the metal electrode 11 by applying a positive voltage of
approximately 10 V to the transparent electrode 12, and is
accumulated in the p-type electric charge accumulation
region 14. The electric charge accumulation region 14 also
serves as an active region of the reset transistor 16, so that
when the reset transistor 16 is turned ON, the electrical
potential of the electric charge accumulation region 14 is
reset.

Furthermore, the electric charge accumulation region 14
is electrically isolated from the amplifier transistor 15 and
the selection transistor 17 within the pixel by an isolation
region 31 of an n type or an isolation region 31 comprising
shallow trench isolation (STI).

Moreover, providing an n-type surface doping region 32
at the top of the electric charge accumulation region 14
suppresses a leakage current into the electric charge accu-
mulation region 14. In this regard, the leakage current is
generated by a great number of defects that are present on
the surface of the well 1.

Moreover, a contact doping region 34 for reducing contact
resistance is provided at an interface between the semicon-
ductor substrate and the contact 33 that is for transferring the
electric charge from the photoelectric conversion layer 13 to
the electric charge accumulation region 14. Moreover, the
surface doping region 32 is extended to near an end of the
gate of the reset transistor 16.

A gate oxide film 36 of the reset transistor 16 is thicker
than the gate oxide film 25 of the amplifier transistor 15.
This structure enables an application of a high gate voltage
to the reset transistor 16. Thus, when the reset transistor 16
is OFF, it is possible to collect, under the gate, the electrons
which are of the same type as major carriers included in the
surface doping region 32 and stabilize the electrical potential
of the surface doping region 32, thereby reducing the
leakage current. In this embodiment, for example, a voltage
is approximately 0 V when the reset transistor 16 is ON, and
a voltage is approximately 3.8 V when the reset transistor 16
is OFF.

Moreover, forming the gate oxide film 25 of the amplifier
transistor 15 to be thin can suppress the 1/f noise.

Moreover, a gate oxide film 27 of the selection transistor
17 has the same thickness as a gate oxide film 25 of the
amplifier transistor 15. This structure can reduce the voltage
applied to the gate in turning ON the selection transistor 17,
thereby decreasing power consumption. It is to be noted that
the above-described same thickness includes substantially
the same thickness, that is, it includes an error in manufac-
turing.
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In this embodiment, the gate oxide film 25 of the amplifier
transistor 15 has a thickness ranging from approximately 3
nm to 6 nm, for example. Moreover, the gate oxide film 36
of the reset transistor 16 has a thickness ranging from
approximately 4 nm to 13 nm, for example. Moreover, the
gate oxide film 27 of the amplifier transistor 17 has a
thickness ranging from approximately 3 nm to 6 nm, for
example.

FIG. 2B is a cross sectional view illustrating an example
of a structure of a power source circuit according to the
embodiments. The gate oxide film 35 of the transistor
included in the power source circuit 22 that applies a voltage
to the transparent electrode 12 is thicker than the gate oxide
film 36 of the reset transistor 16. With this structure, it is
possible to apply a high voltage to the transistor included in
the power source circuit 22 and transmit the signal electric
charge generated in the photoelectric conversion layer 13 to
the electric charge accumulation region 14. The gate oxide
film 35 has a thickness ranging from, for example, approxi-
mately 15 nm to 25 nm in order to apply a voltage of
approximately 10 V to the transparent electrode 12.

In this embodiment, when a well voltage is approximately
2.8 V and the gate voltage of the reset transistor 16 is
approximately 3.8 V, the leakage current is improved by
several tens of percent.

Moreover, the gate oxide film 25 of the amplifier transis-
tor 15 is made to be thin to the extent that insulation can be
maintained between the well 1 and the gate electrode 45 of
the amplifier transistor 15 when the electrical potential of the
gate electrode 45 of the amplifier transistor 15 connected to
the electric charge accumulation region 14 is reset to be reset
electrical potential by the reset transistor 16. With this, 1/f
noise N1/f which is a noise component other than the
leakage current is reduced as apparent from the theoretical
expression below. Here, Gox denotes the thickness of the
gate oxide film, W denotes a channel width, and L. denotes
a gate length.

[Math 1]

Gox (Expression 1)

w-L

N1/f

Next, a diagram illustrating a first plane structure of plural
pixels 10 having a cross-sectional structure in FIG. 2A will
be described with reference to FIG. 3 (the upper layer wiring
is not illustrated).

FIG. 3 is a plan view of pixels in the solid-state imaging
device according to Embodiment 1. As illustrated in FIG. 3,
the contact 33 of the electric charge accumulation region 14
in a pixel cannot be shared with an adjacent pixel 10
because, by doing so, the signal electric charges are mixed.
Contacts other than the contact 33 can be shared with
adjacent pixels 10 because the problem of mixture of the
signal electric charges does not occur. Therefore, contacts
other than the contact 33 are shared with vertically adjacent
pixels 10 in a light receiving plane. This decreases a rate of
a contact occupancy area per pixel, thereby miniaturizing the
pixel size.

Moreover, an active region 54 is shared between the
amplifier transistor 15 and the amplifier transistor 15 of the
vertically adjacent pixel 10 in the light receiving plane. With
this structure, since the contact is shared between the pixels
10 that are vertically adjacent to each other, the amplifier
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transistor 15 can have a sufficient gate length, thereby
decreasing the 1/f noise, which is one of noise components.

Moreover, an active region 57 is shared between the
selection transistor 17 and the selection transistor 17 of the
vertically adjacent pixel 10 in the light receiving plane. With
this structure, since the contact is shared between the pixels
that are vertically adjacent to each other, the selection
transistor can have a sufficient gate length, and the amplifier
transistor 15 that shares the active region with the selection
transistor 17 can have a sufficient gate length as well,
thereby decreasing the 1/f noise, which is one of noise
components.

Moreover, an active region 56 is shared between the reset
transistor 16 and the reset transistor 16 of the vertically
adjacent pixel 10 in the light receiving plane. With this
structure, since the contact is shared between the pixels that
are vertically adjacent to each other, the reset transistor 16
can have a sufficient gate length, and ON characteristics of
the reset transistor 16 which uses the electric charge accu-
mulation region 14 as the active region can be maintained.

Moreover, the reset transistor 16 has a gate length longer
than the gate length of the amplifier transistor 15. With this
structure, while ensuring a driving capability of the amplifier
transistor 15, a variation of the ON characteristics of the
reset transistor 16 which uses the electric charge accumu-
lation region 14 as the active region—variations in a thresh-
old voltage, a drain current, etc. which depend on a gate
length—can be reduced, thereby stabilizing the electrical
potential of the electric charge accumulation region 14.
Thus, the leakage characteristics among the pixels are uni-
formed, thereby enabling a capture of a clear image. On the
other hand, the gate of the amplifier transistor is short and
mutual conductance gm increases inversely proportional to
a VL length, thereby increasing the driving capability and
transmitting signals to the output signal line 18 at high
speed.

Moreover, the amplifier transistor 15 and the selection
transistor 17 are disposed in the same column. Maintaining
ON/OFF characteristics of the selection transistor 17 pro-
vided by the gate voltage and shortening the gate length of
the selection transistor 17 as well can lengthen the gate
length of the amplifier transistor 15 and reduce the 1/f noise
as calculated from Expression 1.

In this embodiment, when the cell size of the pixel 10 is
0.9 pm, the amplifier transistor 15 has a gate length ranging
from approximately 0.2 um to 0.3 um, for example. The
reset transistor 16 has a gate length ranging from approxi-
mately 0.2 ym to 0.5 pum, for example. The selection
transistor 17 has a gate length ranging from approximately
0.1 um to 0.5 pm, for example. Even when the cell size of
the pixel is different, the gate length corresponding to the
different cell size can be derived according to a proportion
of change from the cell size of 0.9 um.

Embodiment 2

In this embodiment, a second plane structure of plural
pixels 10 having a cross-sectional structure in FIG. 2A will
be described.

FIG. 4 is a plan view of a pixel in the solid-state imaging
device according to Embodiment 2. In the diagram, as in
FIG. 3, the reset transistor 16 is isolated from the amplifier
transistor 15 and the selection transistor 17 by the isolation
region 31.

As illustrated in FIG. 4, the selection transistor 17 within
the pixel shares a part of the active region 55 with the
amplifier transistor 15 in the same pixel, and the active
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region 56 of the reset transistor 16 within the pixel is
electrically isolated from the active region 55 of the ampli-
fier transistor 15 in the same pixel. With this structure, the
amplifier transistor 15 and the selection transistor 17, which
require a high-speed driving capability, can have a large
channel width. Moreover, the active region of the reset
transistor 16 having a small surface area can allow the
surface area of the pn junction between the surface doping
region 32 and the electric charge accumulation region 14 to
be small, thereby suppressing leakage in the pn junction.

Moreover, the reset transistor 16 is disposed between the
selection transistor 17 in the same pixel and the selection
transistor 17 in a horizontally adjacent pixel in the light
receiving plane. Otherwise, the reset transistor 16 may be
disposed between the amplifier transistor 15 in the same
pixel and the amplifier transistor 15 in a horizontally adja-
cent pixel in the light receiving plane (not illustrated). With
this structure, the reset transistor 16, which has a small
channel width, and the amplifier transistor 15 and the
selection transistor 17, which have a large channel width,
can be disposed within a pixel with the channel directions
being parallel to one another. As a result, the size of the
pixels can be miniaturized easily while maintaining the
noise characteristics.

Moreover, the amplifier transistor 15 has a channel width
larger than the channel width of the reset transistor. From
Expression 1, an increase in the channel width of the
amplifier transistor 15 can reduce 1/f noise of the amplifier
transistor 15. On the other hand, a decrease in the channel
width of the reset transistor 16 can decrease the surface area
of the pn junction in the electric charge accumulation region
14 which also serves as the active region of the reset
transistor 16, and thus reduce the 1/f noise and a leakage
current, thereby providing a high-sensitivity image having
reduced noise components for a signal. Moreover, it is
possible to increase a transistor channel width in order to
provide a sufficient current for driving the amplifier transis-
tor 15, which enables high-speed driving and reduces the 1/f
noise which is one of noise components.

In this embodiment, when the cell size of the pixel is 0.9
um, the amplifier transistor 15 has a channel width ranging
from approximately 0.1 um to 0.5 um, for example. The
reset transistor 16 has a channel width ranging from approxi-
mately 0.1 pm to 0.2 um, for example. The selection
transistor 17 has a channel width ranging from approxi-
mately 0.1 um to 0.5 pm, for example. Even when the cell
size of the pixel is different, the channel width correspond-
ing to the different cell size can be derived according to a
proportion of change from the cell size of 0.9 um.

Moreover, the gate electrode 47 of the selection transistor
17 has a gate length shorter than the gate length of the gate
electrode 45 of the amplifier transistor 15. With this, the
amplifier transistor 15 can have a sufficient gate length,
thereby reducing the 1/f noise which is one of the noise
components.

With the above structure, it is possible to manufacture a
solid-state imaging device having reduced leakage current
and 1/f noise. Moreover, a pixel having a miniature size of
approximately 1 um can be implemented and an electric
charge can be read out at high speed.

Although the solid-state imaging device according to the
present disclosure has been described based on Embodi-
ments 1 and 2, the present disclosure is not limited to
Embodiments 1 and 2. Various modifications to Embodi-
ment 1 and 2 that are conceived by the person skilled in the
art and other configurations obtainable by combining the
structural elements in the other embodiments without mate-
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rially departing from the principles and spirit of the present
disclosure are included within the scope of the present
disclosure.

Moreover, the solid-state imaging device according to the
above embodiments is typically achieved in the form of an
integrated circuit or a large scale integrated (LSI) circuit.
Each of their parts may be implemented as separate indi-
vidual chips, or as a single chip to include a part or all
thereof.

Moreover, the means for circuit integration is not limited
to an LSI, but implementation with a dedicated circuit or a
general-purpose processor is also available. It is also accept-
able to use a field programmable gate array (FPGA) that is
programmable after the LSI has been manufactured, and a
reconfigurable processor in which connections and settings
of circuit cells within the LSI are reconfigurable.

Moreover, in the above cross sectional view, etc.,
although corners and sides of the structural elements are
illustrated linearly, products having rounded corners and
sides for manufacturing reasons are also included in the
present disclosure.

Moreover, all the above numerals are examples for spe-
cifically describing the present disclosure, and the present
disclosure is not limited to the exemplified numerals. More-
over, the indication of n-type or p-type of impurity regions
such as the surface doping region 32, the contact doping
region 34, the active regions 54 to 57, and the like are
examples for specifically describing the present disclosure,
so the inversion of the n-type and p-type can provide the
same results. Furthermore, all the above-described materials
for the structural elements are examples for specifically
describing the present disclosure, and the present disclosure
is not limited to the exemplified materials. Furthermore,
connections between the structural elements are examples
for specifically describing the present disclosure, and con-
nections for realizing the functions in the present disclosure
is not limited to the exemplified connections.

Moreover, an example in which a MOS transistor is used
has been described in the above description, but other
transistors may be used.

Although only some exemplary embodiments of the pres-
ent disclosure have been described in detail above, those
skilled in the art will readily appreciate that many modifi-
cations are possible in the exemplary embodiments without
materially departing from the novel teachings and advan-
tages of the present disclosure. Accordingly, all such modi-
fications are intended to be included within the scope of the
present disclosure.

INDUSTRIAL APPLICABILITY

The solid-state imaging device according to the present
disclosure can be applicable to a solid-state imaging device
having a stacked structure, low noise characteristics, and
miniature-sized pixels.

The invention claimed is:

1. A solid-state imaging device comprising

pixels arranged two-dimensionally, each of the pixels

including:

a metal electrode;

a photoelectric conversion layer that is on the metal
electrode and converts light into an electrical signal;

a transparent electrode on the photoelectric conversion
layer; an electric charge accumulation region that is
electrically connected to the metal electrode and
accumulates electric charges from the photoelectric
conversion layer;
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an amplifier transistor that applies a signal voltage
according to an amount of the electric charges in the
electric charge accumulation region; and
a reset transistor that resets electrical potential of the
electric charge accumulation region, wherein
the reset transistor includes a gate oxide film thicker
than a gate oxide film of the amplifier transistor, and
the reset transistor has a gate to which a voltage to turn
off the reset transistor is applied, the voltage, when
applied to the gate, collecting carriers, under the gate
of'the reset transistor, different from majority carriers
of the electric charge accumulation region, the car-
riers to be collected being one of electrons and holes,
the majority carriers being the other one of electrons
and holes, and
a power source circuit that applies a voltage to the
transparent electrode, wherein the power source cir-
cuit includes a transistor including a gate oxide film
thicker than the gate oxide film of the reset transistor.
2. The solid-state imaging device according to claim 1,
wherein the amplifier transistor has a channel width larger
than a channel width of the reset transistor.
3. The solid-state imaging device according to claim 1,
wherein each of the pixels further includes
a selection transistor that determines timing at which
the amplifier transistor applies the signal voltage,
the pixels include a first pixel,
the selection transistor in the first pixel shares a part of an
active region with the amplifier transistor in the first
pixel, and
the reset transistor in the first pixel has an active region
electrically isolated from the active region of the ampli-
fier transistor in the first pixel.
4. The solid-state imaging device according to claim 1,
wherein each of the pixels further includes
a selection transistor that determines timing at which
the amplifier transistor applies the signal voltage,
the pixels include a first pixel and a second pixel that is
horizontally adjacent to the first pixel in a light receiv-
ing plane, and
the reset transistor in the first pixel is disposed between
the amplifier transistor in the first pixel and the ampli-
fier transistor in the second pixel.
5. The solid-state imaging device according to claim 1,
wherein the reset transistor has a gate length longer than
a gate length of the amplifier transistor.
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6. The solid-state imaging device according to claim 1,

wherein the selection transistor has a gate length shorter
than a gate length of the amplifier transistor.

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

wherein the pixels include a first pixel and a second pixel
that is vertically adjacent to the first pixel in a light
receiving plane, and

the amplifier transistor in the first pixel and the amplifier
transistor in the second pixel share an active region.

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

wherein each of the pixels further includes
a selection transistor that determines timing at which

the amplifier transistor applies the signal voltage,

the pixels include a first pixel and a second pixel that is
vertically adjacent to the first pixel in a light receiving
plane, and

the selection transistor in the first pixel and the selection
transistor in the second pixel share an active region.

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

wherein the pixels include a first pixel and a second pixel
that is vertically adjacent to the first pixel in a light
receiving plane, and

the reset transistor in the first pixel and the reset transistor
in the second pixel share an active region.

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

wherein the reset transistor has a gate oxide film with a
thickness ranging from 4 nm to 13 nm, and

the amplifier transistor has a gate oxide film with a
thickness ranging from 3 nm to 6 nm.

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

3o further comprising
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a surface doping region at a top of the electric charge
accumulation region,

wherein the electric charge accumulation region is of a
first conductivity type and the surface doping region is
of a second conductivity type different from the first
conductivity type.

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

wherein each of the pixels further includes
a selection transistor that determines timing at which

the amplifier transistor applies the signal voltage,

the pixels include a first pixel and a second pixel that is
horizontally adjacent to the first pixel in a light receiv-
ing plane, and

the reset transistor in the first pixel is disposed between
the selection transistor in the first pixel and the selec-
tion transistor in the second pixel.
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