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(54) Title: SOLID-STATE IMAGING DEVICE AND ELECTRONIC APPARATUS

FIG. 3

(57) Abstract: A solid-state imaging device and method of making a solid-

state imaging device are described herein. By way of example, the solid-state

imaging device includes a first wiring layer formed on a sensor substrate and
a second wiring layer formed on a circuit substrate. The sensor substrate is
coupled to the circuit substrate, the first wiring layer and the second wiring
layer being positioned between the sensor substrate and the circuit substrate.
A first electrode is formed on a surface of the first wiring layer, and a second
electrode is formed on a surface of the second wiring layer. The first elec-
trode is in electrical contact with the second electrode.
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Description

Title of Invention: SOLID-STATE IMAGING DEVICE AND
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ELECTRONIC APPARATUS
Technical Field

The present disclosure relates to a back-side illumination type solid-state imaging
device and an electronic apparatus having the solid-state imaging device.
Background Art

In a solid-state imaging device while aiming to improve photoelectric conversion ef-
ficiency or sensitivity of incident light, a so-called back-side illumination type
structure in which a drive circuit is formed on a surface side of a semiconductor
substrate and a back surface side is a light receiving surface has been proposed. In
addition, separately from the semiconductor substrate in which a photoelectric
conversion element is formed, a three-dimensional (3D) structure in which a circuit
substrate with a drive circuit formed thereon is prepared and bonded to a surface
opposite to the light receiving surface of the semiconductor substrate has been also
proposed. For example, a configuration in which a photodiode (PD), a floating
diffusion (FD), and a pixel transistor other than a transfer gate and a transfer transistor
are formed on mutually different substrates, and the substrates are bonded with each

other has been proposed (For example, see PTL 1).
Citation List

Patent Literature

PTL 1: Japanese Unexamined Patent Application Publication (Translation of PCT Ap-
plication) No. 2011-517506

Summary of Invention

Technical Problem

In the back-side illumination type solid-state imaging device having the above-
described configuration in which the substrates are bonded with each other, there is a
demand for improving reliability of the solid-state device by improving joining re-
liability between the substrates.

It is desirable to provide a solid-state imaging device and an electronic apparatus that
may improve reliability.
Solution to Problem

A solid-state imaging device and method of making a solid-state imaging device are
described herein. By way of example, the solid-state imaging device includes a first

wiring layer formed on a sensor substrate and a second wiring layer formed on a circuit
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substrate. The sensor substrate is coupled to the circuit substrate, the first wiring layer
and the second wiring layer being positioned between the sensor substrate and the
circuit substrate. A first electrode is formed on a surface of the first wiring layer, and a
second electrode is formed on a surface of the second wiring layer. The first electrode

is in electrical contact with the second electrode.
Further by way of example, the method for making a solid-state imaging device

includes forming a first wiring layer on a sensor substrate, forming a second wiring
layer on a circuit substrate, forming a first electrode on a surface of the first wiring
layer, forming a second electrode on a surface of the second wiring layer, and coupling
the sensor substrate to the circuit substrate with the first wiring layer and the second
wiring layer being between the sensor substrate and the circuit substrate.

According to the above-described solid-state imaging device, the photodiode and the
floating diffusion are formed on the first semiconductor substrate, and the second
transistor is formed on the second semiconductor substrate. The floating diffusion
wirings that connect the second transistor from the floating diffusion are connected by
the first electrode and the second electrode. In this manner, in the floating diffusion
wiring, a connection surface between the first semiconductor substrate and the second
semiconductor substrate is joined with the first electrode and the second electrode, and
therefore joining reliability of wiring and joining reliability between the substrates are
improved. Accordingly, reliability of the solid-state imaging device and the electronic
apparatus having the solid-state imaging device may be improved.

Advantageous Effects of the Invention

According to the present disclosure, it is possible to improve reliability of a solid-

state imaging device and an electronic apparatus.

Brief Description of Drawings

[fig.1]Fig. 1 is a schematic configuration diagram showing an example of a solid-state
imaging device to which the present disclosure is applied.

[fig.2]Fig. 2 is a diagram showing a planar arrangement of a pixel unit including a
four-pixel sharing unit of a solid-state imaging device according to a first embodiment
of the present disclosure.

[fig.3]Fig. 3 is a configuration of a III-III line cross-section of the pixel unit shown in
Fig. 2.

[fig.4A]Fig. 4A is a diagram showing a configuration of a first electrode and a second
electrode.

[fig.4B]Fig. 4B is a diagram showing a configuration of a first electrode and a second
electrode.

[fig.4C]Fig. 4C is a diagram showing a configuration of a first electrode and a second
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electrode.

[fig.4D]Fig. 4D is a diagram showing a configuration of a first electrode and a second
electrode.

[fig.4E]Fig. 4E is a diagram showing a configuration of a first electrode and a second
electrode.

[fig.5]Fig. 5 is a diagram showing a planar arrangement of a GND wiring and a TRG
wiring in a four-pixel sharing unit.

[fig.6A]Fig. 6A is a plan diagram of a pixel area in which GND/TRG wirings are
formed.

[fig.6B]Fig. 6B is an enlarged diagram of a VIB portion shown in Fig. 6A.

[fig.6C]Fig. 6C is a cross-sectional diagram of GND/TRG wirings around the pixel
area shown in Fig. 6A.

[fig.7]Fig. 7 is a cross-sectional diagram showing a configuration of a first modi-
fication example of a solid-state imaging device according to a first embodiment of the
present disclosure.

[fig.8]Fig. 8 is a cross-sectional diagram showing a configuration of a second modi-
fication example of a solid-state imaging device according to a first embodiment of the
present disclosure.

[fig.9]Fig. 9 is a diagram showing a configuration of a IX-IX line cross-section of a
pixel unit shown in Fig. 8.

[fig.10]Fig. 10 is a cross-sectional diagram showing a configuration of a third modi-
fication example of a solid-state imaging device according to a first embodiment of the
present disclosure.

[fig.11]Fig. 11 is a diagram showing a planar arrangement of a pixel unit including an
eight-pixel sharing unit of a solid-state imaging device according to a second em-
bodiment of the present disclosure.

[fig.12]Fig. 12 is a diagram showing a configuration of a XII-XII line cross-section of
the pixel unit shown in Fig. 11.

[fig.13]Fig. 13 is a diagram showing a planar arrangement of a pixel unit including a
four-pixel sharing unit of a solid-state imaging device according to a third embodiment
of the present disclosure.

[fig.14]Fig. 14 is a diagram showing a cross-sectional configuration of a solid-state
imaging device according to a third embodiment of the present disclosure.

[fig.15]Fig. 15 is a diagram showing a cross-sectional configuration of a solid-state
imaging device of a modification example according to a third embodiment of the
present disclosure.

[fig.16]Fig. 16 is a diagram showing a configuration of an electronic apparatus.
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Description of Embodiments

Hereinafter, preferred embodiments of the present disclosure will be described, but
are not limited to the following examples.

The description will be made in the following order.

1. First embodiment (solid-state imaging device)

2. Second embodiment (solid-state imaging device)

3. Third embodiment (solid-state imaging device)

4. Fourth embodiment (electronic apparatus)

<First Embodiment>

<Schematic Configuration Example of Solid-state Imaging Device>

In Fig. 1, a schematic configuration of a back-side illumination type solid-state
imaging device to which the present disclosure is applied is shown. The solid-state
imaging device 10 according to the present embodiment mounts a pixel area 12 in a
first semiconductor chip unit 11 as shown in Fig. 1. In addition, the solid-sate imaging
device 10 mounts a control circuit 14 and a logic circuit 15 including a signal
processing circuit in a second semiconductor chip unit 13. The first semiconductor
chip unit 11 and the second semiconductor chip unit 13 are electrically connected with
each other to be used as a single semiconductor chip, which constitute the MOS type
solid-state imaging device 10.

<Pixel Unit Structure: Planar Arrangement>

Next, a configuration of a pixel unit of the solid-state imaging device of the present
embodiment will be described. In Fig. 2, a planar arrangement of a pixel unit including
a four-pixel sharing unit applied to the present embodiment is shown. As shown in Fig.
2, the four-pixel sharing unit in which photodiodes PD (PD1 to PD4) of four pixels are
arranged is arranged in a two-dimensional array shape to thereby form the pixel unit.

The four-pixel sharing unit is a configuration in which a single floating diffusion FD
is shared with respect to a total of four photodiodes PD1 to PD4 of lateral 2 * lon-
gitudinal 2. In addition, the four-pixel sharing unit includes the four photodiodes PD1
to PD4, four transfer gate electrodes 21 to 24 with respect to the four photodiodes PD1
to PD4, and a single floating diffusion FD.

Transfer transistors Trl to Tr4 are configured by each of the photodiodes PD1 to
PD4, the floating diffusion FD, and each of the transfer gate electrodes 21 to 24. The
floating diffusion FD is disposed in a center portion surrounded by the four pho-
todiodes PD1 to PD4, and each of the transfer gate electrodes 21 to 24 is disposed in a
position corresponding to a corner on a center portion side of each of the photodiodes
PD1 to PDA4.

<Pixel Unit Structure: Cross-Sectional Configuration>
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Next, in Fig. 3, a configuration of a III-III line cross-section of the pixel unit shown in
Fig. 2 is shown. As shown in Fig. 3, the solid-state imaging device is obtained in such
a manner that a sensor substrate 3 (first semiconductor substrate) and a circuit substrate
9 (second semiconductor substrate) are bonded together so as to respectively face a
first wiring layer 31 and a second wiring layer 41. In addition, on a bonding surface of
the sensor substrate 3 with the circuit substrate 9, a first electrode 35 formed on a
surface of the first wiring layer 31 of the sensor substrate 3 and a second electrode 45
formed on a surface of the second wiring layer 41 of the circuit substrate 9 are joined
together.

On the sensor substrate 3, the photodiodes PD1 and PD2, the floating diffusion FD,
and the transfer gate electrodes 21 and 22 which are shown in Fig. 2 are formed. In the
sensor substrate 3, an upper portion of the drawing is an incident surface of light and a
lower portion thereof is a circuit formation surface. The floating diffusion FD and the
transfer gate electrodes 21 and 22 are formed on the circuit formation surface side of
the sensor substrate 3.

On the circuit formation surface of the sensor substrate 3, the first wiring layer 31 is
formed. The first wiring layer 31 has a configuration in which one or more layers of
wiring and an insulating layer are laminated. In Fig. 3, a configuration is provided with
a single layer or a wiring 33. On the first wiring layer 31, a plug 32 connected to the
floating diffusion FD is formed. The plug 32 and the wiring 33 are connected with
each other, and the wiring 33 and a plug 34 are further connected with each other.

In addition, on the same layer as the wiring 33, another wiring which is not shown is
formed. The wiring formed on the same layer as the wiring 33 is, for example, a power
supply wiring or a ground wiring that is connected with the transfer gate electrodes 21
and 22.

On a surface of the first wiring layer 31, the first electrode 35 for connection is
formed. The first electrode 35 is connected to the floating diffusion FD through the
plugs 32 and 34 and the wiring 33.

On the circuit substrate 9, the control circuit of the pixel unit which is not shown or
the logic circuit including the signal processing circuit is mounted. In addition, on the
circuit substrate 9, a pixel transistor other than the transfer transistor Tr1 is formed. In
Fig. 3, an amplification transistor Tr5 and a selection transistor Tr6 are shown. On a
surface of the circuit substrate 9, diffusion regions 27, 28, and 29 which are source/
drain of the amplification transistor Tr5 and the selection transistor Tr6 are formed. In
addition, an amplification gate electrode 25 and a selection gate electrode 26 are
formed on the circuit substrate 9.

On the circuit substrate 9, a second wiring layer 41 is formed. The second wiring

layer 41 has a configuration in which a plurality of layers of wiring and an insulating
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layer are laminated. In Fig. 3, among a plurality of wirings formed on the second
wiring layer 41, one layer of wirings 43 and 47 are shown. The wiring 43 is connected
to the amplification gate electrode 25 and the second electrode 45 formed on the
surface of the second wiring layer 41 by the plugs 42 and 44. Therefore, the second
electrode 45 is connected to the amplification gate electrode 25 through the plugs 42
and 44 and the wiring 43. In addition, a plug 46 and a wiring 47 are connected to the
diffusion region 29 of the selection transistor Tr6.

In the above-described configuration, the floating diffusion FD provided on the
surface of the sensor substrate 3 and the amplification gate electrode 25 provided on
the circuit substrate 9 are directly connected with each other by a conductor through
the first electrode 35 and the second electrode 45. Consequently, the floating diffusion
FD and the amplification gate electrode 25 are connected with each other by a floating
diffusion wiring (hereinafter, referred to as "FD wiring") including the first electrode
35, the second electrode 435, the plugs 32, 34, 42, and 44 and the wirings 33 and 43. In
this manner, a pixel transistor for processing signals accumulated in the floating
diffusion FD of the sensor substrate 3 is formed on the circuit substrate 9.

In the first wiring layer 31, it is preferable that the first electrode 35, the plugs 32 and
34, and the wiring 33 which constitute the FD wiring be formed with a wiring width on
a minimum design rule in order to increase conversion efficiency. In addition, it is
preferable that the floating diffusion FD and the first electrode 35 be wired so as to be
connected with each other at the shortest distance in order to also increase the
conversion efficiency. Furthermore, it is preferable that the plugs 32 and 34 and the
wiring 33 be so formed as to be apart from another wiring as much as possible so that
the plugs 32 and 34 and the wiring 33 are not capacitively coupled to another wiring
formed on the first wiring layer 31.

In the same manner, in the second wiring layer 41, it is preferable that the second
electrode 45, the plugs 44 and 42, and the wiring 43 which constitute the FD wiring be
formed with a wiring width on a minimum design rule in order to increase conversion
efficiency. In addition, it is preferable that the amplification gate electrode 25 and the
second electrode 45 be formed so as to be connected with each other at the shortest
distance in order to increase conversion efficiency. Furthermore, it is preferable that
the plugs 44 and 42 and the wiring 43 be so formed as to be apart from another wiring
as much as possible so that the plugs 44 and 42 and the wiring 43 are not capacitively
coupled to another wiring formed on the second wiring layer 41.

In addition, a reset transistor, which is not shown, may be formed between the pixel
sharing units on the sensor substrate 3 side, or formed in another portion of the circuit
substrate 9 side. In order to increase an area of the photodiode PD of the sensor

substrate 3, it is preferable that each transistor other than the transfer transistor be all
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formed on the circuit substrate 9 side.

A region 37 in which the first electrode 35 and the second electrode 45 are formed is
smaller than an area of a region 36 in which the plurality of photodiodes PD 1 to PD 4
that share the amplification transistor Tr5 are formed. In order to avoid contact with an
electrode of another adjacent region, it is necessary that the first electrode 35 and the
second electrode 45 are smaller than the region 36 in which the photodiodes PD 1 to
PD 4 are formed.

In addition, it is preferable that an area of at least one of the first electrode 35 and the
second electrode 45 be formed so as to be larger than an area in which the floating
diffusion FD is formed. Further, in Fig. 2 described above, a planar arrangement of the
region 37 that forms the first electrode 35 and the second electrode 45 is indicated by a
broken line.

It is preferable that the first electrode 35 and the second electrode 45 be provided at a
center of the pixel sharing unit. Further, it is preferable that the first electrode 35 and
the second electrode 45 be formed in shapes that are point-symmetric or axisymmetric
with each other. For example, in the four-pixel sharing unit shown in Fig. 2, it is
preferable that a center of the four-pixel sharing unit and a center of the first electrode
35 and the second electrode 45 be formed at the same plane position. In addition, it is
preferable that the first electrode 35 and the second electrode 45 be formed in shapes
that are point-symmetric or axisymmetric with each other at the center of the pixel
sharing unit.

By forming the first electrode 35 and the second electrode 45 in the above-described
configuration, in a plurality of pixel sharing units, the FD wirings may be formed at
equal intervals, thereby preventing coupling of the FD wirings.

In a semiconductor device having a configuration in which a plurality of substrates
are bonded together in the same manner as the present embodiment, there is a problem
in positioning accuracy of a bonding surface of the substrates. Therefore, when the
substrates are bonded together, there occurs positional displacement in a joining
position of the electrodes according to the positioning accuracy of the substrates. In
this manner, by connecting failure or conductivity failure due to occurrence of the po-
sitional displacement of the joined electrodes, reliability of the semiconductor device
may be reduced.

On the other hand, as shown in Fig. 3, the shapes of the first electrode 35 and the
second electrode 45 are in the above-described range, and therefore it is possible to
ensure connection reliability of the joined electrodes regardless of accuracy of bonding
of the substrates. As a result, reliability of the semiconductor device may be improved.

However, when an area of the electrode is increased, the volume of the FD wiring is

inevitably increased. As a result, this leads to deterioration of the conversion efficiency
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of a signal charge. Accordingly, in order to prevent the deterioration of the conversion
efficiency, it is preferable that the area of the electrode be minimized as much as
possible. In this manner, the area of the first electrode 35 and the second electrode 45
may give adverse effects to the conversion efficiency and the joining reliability.
Therefore, it is necessary that the shapes of the first electrode 35 and the second
electrode 45 are designed considering positioning accuracy of bonding of the substrate,
the conversion efficiency of signals, and the like.

The connection reliability may be ensured even though an area of one electrode is
small when an area of the other electrode is large. Therefore, for example, an area of
one electrode may be formed so as to be larger than an area in which the floating
diffusion DF is formed, and an area of the other electrode may be formed so as to be
further smaller. In this case, improvement in characteristics with respect to both the
connection reliability of the electrodes and the conversion efficiency of the signals can
be expected.

Electrode Shape

A configuration example of each of the first electrode 35 and the second electrode 45
capable of allowing for compatibility between the conversion efficiency of the signals
and the joining reliability as described above will be described. In Figs. 4A to 4E, a
configuration of the first electrode 35 and the second electrode 45 is shown.

Each of Figs. 4A to 4E is a plan view showing the configuration of each of the first
electrode 35 and the second electrode 45. In Figs. 4A to 4E, an arrangement in which
the first electrode 35 and the second electrode 45 are viewed from the sensor substrate
3 side is shown, and is shown in such a state that the center positions of the first
electrode 35 and the second electrode 45 are shifted.

The first electrode 35 and the second electrode 45 which are shown in Fig. 4A are
formed by conductor layers which respectively extend in a different direction and have
a rectangular plane. In addition, the first electrode 35 and the second electrode 45 are
arranged in directions mutually perpendicular to the extending directions, and arranged
in positions to cross each other.

In this manner, since the first electrode 35 and the second electrode 45 cross each
other, the first electrode 35 and the second electrode 45 are brought in contact with
each other at the crossing position even though positional displacement between the
sensor substrate and the circuit substrate occurs at the time of joining. As a result, it is
possible to prevent connecting failure or conductivity failure due to occurrence of the
positional displacement of the joined electrodes, thereby suppressing a reduction in re-
liability of the semiconductor device.

In addition, the first electrode 35 and the second electrode 45 are formed in a

rectangular shape with a wiring width on, for example, a minimum design rule, and
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therefore an increase in the volume of the FD wiring may be suppressed. As a result,
deterioration of the conversion efficiency may be suppressed.

Accordingly, by adapting the first electrode 35 and the second electrode 45 which
have the configuration shown in Fig. 4A, it is possible to allow for compatibility
between the conversion efficiency and the joining reliability of the solid-state imaging
device.

In the configuration shown in Fig. 4B, the first electrode 35 and the second electrode
45 are formed from two rectangular conductor layers to cross each other. In addition,
the first electrode 35 and the second electrode 45 are joined together in such a manner
that the rectangular conductor layers arranged in directions perpendicular to the
extending directions to cross each other.

In the configuration shown in Fig. 4B, a contact area is more increased than the
above-described configuration shown in Fig. 4A. Therefore, connection reliability is
improved. Furthermore, since the contact area is increased, it is possible to ensure the
contact area even in a case in which a width of the rectangular conductor layer is
smaller than the configuration shown in Fig. 4A. Accordingly, it is possible to suppress
an increase in the volume of the FD wiring due to the first electrode 35 and the second
electrode 45, and allow for compatibility between the conversion efficiency and the
joining reliability.

In addition, in the configurations shown in Figs. 4C to 4E, the first electrode 35 and
the second electrode 45 are arranged in a lattice shape by combining the rectangular
conductor layers. In the configuration shown in Fig. 4C, the first electrode 35 and the
second electrode 45 are formed from four rectangular conductor layers arranged in a
rectangular form and a single conductor layer arranged within a square form. In
addition, in the configuration shown in Fig. 4D, the first electrode 35 and the second
electrode 45 are formed from four rectangular conductor layers arranged in a
rectangular form and two rectangular conductor layers in a lattice shape within the
rectangular form.

In addition, in the configuration shown in Fig. 4E, the first electrode 35 and the
second electrode 45 are formed in a mesh shape in which a plurality of rectangular
conductor layers are combined.

Along with an increase in the number of the rectangular conductor layers constituting
the first electrode 35 and the second electrode 45, a contact area between the first
electrode 35 and the second electrode 45 is increased, and the connection reliability is
improved. In addition, along with an increase in the number of the rectangular
conductor layers constituting the first electrode 35 and the second electrode 45, the
volume of the FD wiring is increased, but it is possible to suppress a reduction in the

conversion efficiency by sufficiently reducing the volume itself of the rectangular
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conductor layer. Accordingly, it is possible to allow for compatibility between the
conversion efficiency and the joining reliability of the solid-state imaging device.

In addition, in the above-described configuration examples, the first electrode 35 and
the second electrode 45 are formed in the rectangular shape, but the shape of the
conductor layer constituting the electrode is not limited to the rectangular shape, and
the conductor layer may be formed in other shapes. As long as the first electrode 35
and the second electrode 45 are formed with the wiring width on the minimum design
rule and extend in mutually different directions, the configuration may be adapted to
the solid-state imaging device of the present disclosure.

In the above-described configuration example, the first electrode 35 and the second
electrode 45 are formed in the same shape, but may be formed in different shapes. In
addition, a size (for example, extending length, width, thickness, and the like) of each
of the conductor layers constituting the first electrode 35 and the second electrode 45
and an arrangement interval (pitch) of the conductor layers are appropriately set con-
sidering conditions such as the design rule, joining accuracy, and the like.

<Transfer Gate Electrode Wiring, Ground Wiring>

Next, a transfer gate electrode (TRG) wiring and a ground (GND) wiring which are
formed on the first wiring layer of the sensor substrate will be described. In Fig. 5, a
planar arrangement of the GND wiring and the TRG wiring in a four-pixel sharing unit
is shown. In addition, in Fig. 6A, a planar arrangement of the GND/TRG wiring in a
peripheral area of the pixel area of the sensor substrate is shown. In Fig. 6B, an
enlarged diagram of a VIB portion shown in Fig. 6A is shown. In Fig. 6C, a cross-
sectional diagram of the GND/TRG wiring of the peripheral area of the pixel area
shown in Fig. 6A is shown.

As shown in Fig. 5, in the four-pixel sharing unit, a TRG wiring 38 and a GND
wiring 55 are disposed parallel to the horizontal direction in the drawing within the
pixel. The TRG wiring 38 is disposed so as to pass over the transfer gate electrodes 21,
22,23, and 24 on each of the four-pixel sharing unit. In addition, the TRG wiring 38 is
connected to any one of the corresponding transfer gate electrodes 21, 22, 23, and 24,
respectively. In addition, the TRG wiring 38 is disposed in such a manner that coupling
with the above-described FD wiring is uniform as much as possible. Therefore, when
the transfer gate electrode 21 is turned on, the boosting capability of each pixel by the
FD coupling may be aligned.

The TRG wiring 38 and the GND wiring 55 are joined with a wiring and an electrode
on the circuit substrate 9 side and outside the pixel area in which the photodiode PD,
the floating diffusion FD, and the transfer transistor Tr are formed. In Fig. 6A, the
pixel area 12 in the sensor substrate 3 of the first semiconductor chip unit 11 and an
electrode 39 in which the TRG wiring 38 and the GND wiring 55 are connected to a
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wiring on the circuit substrate 9 side are shown. As shown in Fig. 6A, the TRG wiring
38 and the GND wiring 55 cross the pixel area 12 in the horizontal direction in the
drawing, and is connected to the electrode 39 provided in the peripheral area of the
pixel area 12.

In the electrode 39, the TRG wiring 38 of the pixel sharing unit and a plurality of
electrodes 39A to 39E connected to the GND wiring 55 are provided as shown in Fig.
6B. Each of the electrodes 39A to 39E is connected to the TRG wiring 38 or the GND
wiring 55 that crosses over the pixel sharing unit, respectively. In the four-pixel
sharing unit of 2 * 2, it is necessary that a total of five wirings are provided in ac-
cordance with four TRG wirings 38 and one GRD wiring 55. In addition, the five
electrodes 39A to 39E are desired to correspond to the five wirings.

It is necessary that an area of the electrode 39 is increased taking accuracy of
bonding into consideration. In this instance, when a size of the electrode 39 is the same
area as first and second electrostatic clamping of the FD wiring within the pixel, it is
necessary that the five electrodes 39A to 39E corresponding to the sharing units are
arranged in a direction (horizontal direction in the drawing) parallel to the TRG wiring
38 and the GND wiring 55, as shown in Fig. 6B. In addition, for example, in an eight-
pixel sharing unit of 2 * 4, a total of ten wirings are desired in accordance with eight
TRG wirings 38 and two GND wirings 55. For this reason, in the same manner as Fig.
6B, it is necessary that ten electrodes 39 corresponding to the sharing units are
arranged in a direction (horizontal direction in the drawing) parallel to the TRG wiring
38 and the GND wiring 55.

In addition, since Fig. 6B shows the planar arrangement, it appears that a plurality of
wirings are connected to the electrodes 39A to 39D, but non-contact portions with the
electrodes are provided in the interlayer insulating layer, and therefore each of the
electrodes 39A to 39E is connected with only a single wiring.

In Fig. 6C, a cross-sectional configuration of the electrode 39 and its periphery are
shown. As shown in Fig. 6C, the TRG wiring 38 and the GND wiring 55 are connected
to a third electrode 39 that is formed on a surface of the first wiring layer 31 of the
sensor substrate 3 through the plug 34. In addition, the third electrode 39 is connected
to a fourth electrode 49 that is formed on a surface of the second wiring layer 41 of the
circuit substrate 9.

The fourth electrode 49 is connected to a circuit element or the like which is formed
on the circuit substrate 9 through the plugs 42 and 44 and the wiring 48.

The TRG wiring 38 and the GND wiring 55 are formed on the same layer as the
wiring 33 shown in Fig. 3. In an outer peripheral portion of the pixel area 12, the TRG
wiring 38 and the GND wiring 55 are connected with the circuit element of the circuit
substrate 9 through the third electrode 39 and the fourth electrode 49. In the third
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electrode 39 and the fourth electrode 49, a plurality of electrodes are disposed in a
matrix shape in a periphery of the pixel area 12. The third electrode 39 and the fourth
electrode 49 may be formed to have, for example, a size of about 1 to 20 micrometers,
and thereby formed at equal intervals of about 1 micrometer from the neighboring
electrode.

By preventing the third electrode 39 and the fourth electrode 49 for connection of the
TRG wiring 38 and the GND wiring 55 from being formed within the pixel area 12, a
degree of design freedom of the first electrode 35 and the second electrode 45 that are
connected to the amplification transistor Tr5 from the floating diffusion FD may be
improved. Therefore, it is possible to increase the area of each of the first electrode 35
and the second electrode 45 shown in Fig. 3, and to improve connection reliability.

<First Modification Example: Reset Transistor>

Next, a modification example of the above-described solid-state imaging device
according to the first embodiment of the present disclosure will be described. As a first
modification example, a configuration example in which a reset transistor is provided
on the circuit substrate will be described. In addition, in the first modification example,
only a configuration of the reset transistor of the circuit substrate and a configuration
of a wiring to the reset transistor are different from the first embodiment. Therefore, in
the following description, description of the same configuration as the above-described
first embodiment will be omitted.

In Fig. 7, a cross-sectional diagram of the solid-state imaging device according to the
first modification example is shown. The cross-sectional diagram corresponds to the
configuration shown in Fig. 3 in the descriptions of the above-described first em-
bodiment. As shown in Fig. 7, the circuit substrate 9 includes the amplification
transistor Tr5, the selection transistor Tr6, and a reset transistor Tr7. On a surface of
the circuit substrate 9, the diffusion regions 27, 28, 29, and 52 which are sources/drains
of the amplification transistor Tr5, the selection transistor Tr6, and the reset transistor
Tr7 are formed. The amplification gate electrode 25, the selection gate electrode 26,
and a reset gate electrode 51 are provided on the circuit substrate 9.

On the circuit substrate 9, the second wiring layer 41 is formed. The second electrode
45 is formed on a surface of the second wiring layer 41. The plug 44 connected to the
second electrode 45 is connected to a wiring 53. In addition, the wiring 53 is connected
to the plugs 42 and 54. The plug 42 is connected to the wiring 53 and the amplification
gate electrode 42. In addition, the plug 54 is connected to the wiring 53 and the
diffusion region 52 of the reset transistor Tr7.

Therefore, the second electrode 45 is connected to the amplification gate electrode 25
and the diffusion region 52 of the reset transistor Tr7 through the plugs 42, 44, and 54
and the wiring 53. In addition, the floating diffusion FD and the amplification gate
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electrode 25 are connected with each other by the FD wiring including the first
electrode 35, the second electrode 45, the plugs 32, 34, 42, and 44, and the wirings 33
and 53.

In the above-described configuration, the floating diffusion FD provided on a surface
of the sensor substrate 3 and a diffusion region 52 of the reset transistor Tr7 provided
in the circuit substrate 9 are connected by the plug 54 branched from the FD wiring
through the first electrode 35 and the second electrode 45. That is, a configuration that
resets a potential of the photodiode PD and the floating diffusion FD of the sensor
substrate 3 with the reset transistor Tr7 formed on the circuit substrate 9 is obtained.

Since the reset transistor Tr7 is formed on the circuit substrate 9 side, it is not
necessary to form the diffusion region of the reset transistor Tr7 in the sensor substrate
3. For this reason, in the pixel area, it is possible to increase the proportion of a region
that forms the photodiode PD. Accordingly, by this structure, improvement in pixel
characteristics of the solid-state imaging device such as improvement in sensitivity or
saturation signal amount (Qs) is possible.

<Second Modification Example: GND Wiring Shield>

Next, a second modification example of the above-described solid-state imaging
device according to the first embodiment will be described. The second modification
example is a configuration example in which a shield due to a ground wiring is
provided in the circuit substrate. In addition, in the following description, description
of the same configuration as the above-described first embodiment will be omitted.

In Fig. 8, a planar diagram of the solid-state imaging device according to the second
modification example is shown. In addition, in Fig. 9, a IX-IX line cross-sectional
diagram of a pixel unit of Fig. 8 is shown.

As shown in Fig. 9, the solid-state imaging device according to the present example
has a configuration in which the floating diffusion FD is formed in the sensor substrate
3, and signals of the floating diffusion FD are transmitted to the circuit substrate 9
through the FD wiring. In the solid-state imaging device having the above-described
configuration, it is preferable that the FD wiring include a shield in order to prevent
coupling of the FD wiring from the floating diffusion FD to a source of each of the am-
plification gate electrode 25 and the reset transistor Tr7.

In the solid-state imaging device according to the present example, the shield of the
FD wiring is formed in a ground (GND) wiring 55 formed on the sensor substrate 3
side. As shown in Fig. 8, the GND wiring 55 is disposed in a lattice shape that
surrounds a periphery of the four-pixel sharing unit sharing the floating diffusion FD.
By surrounding the four-pixel sharing unit by the GND wiring 55, the GND wiring 55
acts as a shield to the FD wiring that is provided at a center of the four-pixel sharing

unit. The GND wiring 55 is connected to a ground terminal or the like, which is not
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shown, so as to be a ground potential.

In addition, in Fig. 9, an example in which two layers of wiring are formed on the
first wiring layer 31 of the sensor substrate 3 is shown. In this structure, since the four-
pixel sharing unit are surrounded by the GND wiring 55, another wiring such as a TRG
wiring or the like may not be formed on the same layer as the GND wiring 55. That is,
in the present example, at least two layers of wiring are desired on the first wiring layer
31. In Fig. 9, two layers which are a layer for forming the GND wiring 55 and a layer
for forming another wiring such as the TRG wiring or the like are shown. For example,
on the same layer as the wiring 33 of the FD wiring, another wiring such as the TRG
wiring or the like may be formed. On the same layer as the wiring 56 of the FD wiring,
the GND wiring 55 is formed.

<Third Modification Example: VDD Wiring Shield>

Next, a third modification example of the above described solid-state imaging device
according to the first embodiment will be described. The third modification example is
a configuration example in which a shield due to a VDD wiring is provided in the
circuit substrate. In addition, in the following description, description of the same con-
figuration as the above-described first embodiment will be omitted.

In the above-described second modification example, a method of shielding the FD
wiring on the sensor substrate 3 side by the GND wiring has been described, but it is
possible to shield the FD wiring in the second wiring layer 41 on the circuit substrate
9.

In Fig. 10, a cross-sectional structure of the solid-state imaging device according to
the third modification example is shown. In addition, a planar arrangement of the third
modification example is the same as the above-described second modification example
shown in Fig. 8. For this reason, Fig. 10 corresponds to the X-X line cross-section
shown in Fig. 8.

In the third modification example, as a shield of the FD wiring, the shield of the FD
wiring is formed in the VDD wiring 57 formed on the circuit substrate 9 side. In Fig.
10, among a plurality of layers of wiring formed on the second wiring layer 41 on the
circuit substrate 9, two layers of wiring are shown. The VDD wiring 57 is a wiring
connected to a power supply potential.

Since the VDD wiring 57 has a structure of surrounding the four-pixel sharing unit, it
is difficult to form the VDD wiring 57 on the same layer as another wiring. Therefore,
the VDD wiring 57 is formed on a layer different from the layer on which the wiring
53 connecting the amplification gate electrode 25 and the diffusion region 52 of the
reset transistor Tr7 and a wiring 47 connected to the selection transistor Tr6 are
formed.

In this manner, by surrounding the four-pixel sharing unit in the VDD wiring 57, the
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VDD wiring 57 acts as a shield to the FD wiring in which the VDD wiring 57 is
provided at a center of the four-pixel sharing unit.

In addition, both a configuration of shielding the FD wiring by the VDD wiring
according to the third modification example and a configuration of shielding the FD
wiring by the GND wiring according to the above-described second modification
example may be used. In addition, as the configuration of shielding the FD wiring, the
above-described GND wiring and another wiring other than the VDD wiring may be
combined to be used.

<Second Embodiment>

<Eight Pixel Sharing Structure>

Next, a second embodiment of the solid-state imaging device will be described. In
the above-described first embodiment, a configuration of the four-pixel sharing unit
that share a transistor other than the transfer transistor Tr in four photodiodes PD has
been described. In the second embodiment, a configuration of an eight-pixel sharing
unit that shares a transistor other than the transfer transistor Tr in eight photodiodes PD
will be described. In addition, in the second embodiment, only a pixel sharing structure
is different from the first embodiment. Therefore, in the following description, de-
scription of the same configuration as the above-described first embodiment will be
omitted.

<Planar Arrangement>

In Fig. 11, a planar arrangement of the pixel unit including an eight-pixel sharing unit
applied to the present example is shown. As shown in Fig. 11, the pixel unit is
configured in such a manner that the eight-pixel sharing unit in which photodiodes PD
(PD1 to PDS) of eight pixels are arranged is arranged in a two-dimensional array
shape.

In the eight-pixel sharing unit, a total of eight photodiodes PD1 to PDS of lateral 2 *
longitudinal 4 are used as a single unit. The eight-pixel sharing unit has a configuration
in which a single floating diffusion FD1 is shared with respect to a total of four pho-
todiodes PD1 to PD4 of lateral 2 * longitudinal 2. The eight-pixel sharing unit has a
configuration in which a single floating diffusion FD2 is shared with respect to a total
of four photodiodes PD5 to PDS8 of lateral 2 * longitudinal 2. The eight-pixel sharing
unit has the configuration in which eight transfer gate electrodes 21 to 24 and 61 to 64
with respect to the eight photodiodes PD1 to PD8 and two floating diffusions FD1 and
FD?2 are provided.

By each of the photodiodes PD1 to PDS, the floating diffusions FD1 and FD2, and
each of the transfer gate electrodes 21 to 24 and 61 to 64, the transfer transistors Trl to
Tr4 and Tr8 to Trl1 are configured. Each of the floating diffusions FD1 and FD2 is
disposed at a center portion surrounded by the eight photodiodes PD1 to PDS, and each
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of the transfer gate electrodes 21 to 24 and 61 to 64 is disposed in a position corre-
sponding to a corner on a center portion side of each of the photodiodes PD1 to PDS.
<Cross-Sectional Structure>

In Fig. 12, a configuration of a XII-XII line cross-section of the pixel unit shown in
Fig. 11 is shown. As shown in Fig. 12, in the solid-state imaging device, the sensor
substrate 3 and the circuit substrate 9 are bonded together so as to respectively face the
first wiring layer 31 and the second wiring layer 41. In addition, on a bonding surface
of the circuit substrate 9 with the sensor substrate 3, the first electrode 35 formed on a
surface of the first wiring layer 31 of the sensor substrate 3 and the second electrode 45
formed on a surface of the second wiring layer 41 of the circuit substrate 9 are joined
together. In addition, a configuration of the circuit substrate 9 side is the same con-
figuration as the above-described first modification example of the first embodiment.
Therefore, description of the configuration of the circuit substrate 9 side will be
omitted.

On the sensor substrate 3, the above-described photodiodes PD2, 4, 6, and 8 shown
in Fig. 11, the floating diffusions FD1 and FD2 and the transfer gate electrodes 22, 24,
62, and 64 are formed. In the sensor substrate 3, an upper portion of the drawing is an
incident surface, and a lower portion thereof is a circuit formation surface. The floating
diffusions FD1 and FD2 and the transfer gate electrodes 22, 24, 62, and 64 are formed
on the circuit formation surface side of the sensor substrate 3.

On the circuit formation surface of the sensor substrate 3, the first wiring layer 31 is
formed. The first wiring layer 31 has a configuration in which at least one layer of
wiring and an insulating layer are laminated. In Fig. 12, one layer of wirings 33 and 66
are shown.

In addition, on the first wiring layer 31, a plug 32 connected to the floating diffusion
FD1 is formed. In addition, the plug 32 and the wiring 33 are connected with each
other, and the wiring 33 and the plug 34 are connected with each other. In addition, a
plug 65 connected to the floating diffusion FD2 is formed. The plug 65 and the wiring
66 are connected with each other, and the wiring 66 and the plug 67 are connected with
each other.

On a surface of the first wiring layer 31, a first connection electrode 35 is formed.
The first electrode 35 is connected with the floating diffusion FD1 through the plugs
32 and 34 and the wiring 33. In addition, the first electrode 35 is connected with the
floating diffusion FD2 through the plugs 65 and 67 and the wiring 66. The electrode 35
is connected to a transistor such as the amplification gate electrode 25 that is formed
on the sensor substrate 3, through the electrode 45 of the circuit substrate 9.

In this manner, the solid-state imaging device according to the present example has a

configuration in which eight photodiodes PD1 to PD8 share the transistor formed on
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the circuit substrate 9, through the floating diffusions FD1 and FD2 and one electrode
35.

The region 37 in which the first electrode 35 and the second electrode 45 are formed
is smaller than the region 36 in which a plurality of photodiodes PD1 to PD8 which
share the amplification transistor Tr5 are formed. It is necessary that the first electrode
35 and the second electrode 45 is formed to be smaller than the region 36 in which the
photodiodes PD1 to PDS are formed in order to avoid contact with an electrode of the
neighboring region. In Fig. 11 described above, a planar arrangement of the region 37
in which the first electrode 35 is formed and the region 45 in which the second
electrode 45 is formed are indicated by a dashed line.

In addition, it is preferable that an area of at least one of the first electrode 35 and the
second electrode 45 be formed to be larger than an area in which the floating diffusion
FD is formed. In the same manner as the above-described first embodiment, it is
preferable that the first electrode 35 and the second electrode 45 have a configuration
capable of allowing for compatibility between conversion efficiency and joining re-
liability. For example, it is possible to combine a rectangular conductor layer shown in
Fig. 4.

As described above, it is possible to apply the present disclosure to the solid-state
imaging device of an eight-pixel sharing unit. Even in this case, the same effect as in
the above-described first embodiment may be obtained. In addition, in the second em-
bodiment, the transfer gate electrode wiring and the ground wiring may have the same
configuration as that of the above-described first embodiment. In addition, even in the
configuration of the second embodiment, it is possible to apply a configuration of a
modification example of the first embodiment.

<Third Embodiment>

<Element Isolation>

Next, a third embodiment of the solid-state imaging device will be described. In the
third embodiment, the solid-state imaging device that is insulated and isolated for each
photodiode PD will be described. In addition, in the third embodiment, description of
the same configuration as the above-described first and second embodiments will be
omitted.

<Pixel Unit Configuration: Planar Arrangement>

In Fig. 13, a planar arrangement of the pixel unit of four pixels applied to the present
example is shown. As shown in Fig. 13, four photodiodes PD are arranged in a two-
dimensional array shape to thereby configure the pixel unit. With respect to each of the
photodiodes PD, the transfer gate electrode 68 and the floating diffusion FD are
formed. The transfer gate electrode 68 and the floating diffusion FD are provided in a

corner of the photodiode PD. In addition, the TRG wiring 38 is connected to the
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transfer gate electrode 68.

In addition, in the photodiode PD, in a diagonal corner to a corner in which the
transfer gate electrode 68 and the floating diffusion FD are provided, a Well 81 is
provided. In the Well 81, the GND terminal 82 connected with the GND wiring 55 is
provided. The Well 81 and the GND terminal 82 are provided in each of the pho-
todiodes PD.

An element isolation unit 69 is provided between the photodiodes PD. A periphery of
the photodiode PD is surrounded by the element isolation unit 69, and each of the pho-
todiodes PD is isolated by the element isolation unit 69. The photodiodes PD are
isolated by the element isolation unit 69, thereby preventing color mixing between
pixels.

(Pixel Unit Structure: Cross-Sectional Configuration)

In Fig. 14, a cross-sectional configuration of the solid-state imaging device shown in
Fig. 13 is shown. In the solid-state imaging device according to the present example,
the sensor substrate 3 and the circuit substrate are bonded with each other so as to re-
spectively face the first wiring layer 31 and the second wiring layer 41. In addition, as
shown in Fig. 14, on a bonding surface of the sensor substrate 3 with the circuit
substrate, the first electrode 35 formed on a surface of the first wiring layer 31 of the
sensor substrate 3 and the second electrode 45 formed on a surface of the second
wiring layer 41 of the circuit substrate 9 are joined together. In addition, in Fig. 14,
only a configuration of the second wiring layer 41 is shown, and the configuration of
the sensor substrate 9 will be omitted. In addition, in Fig. 13, an arranged position of
the first electrode 35 is shown. The sensor substrate 9 may have the same configuration
as the above-described first and second embodiments.

The photodiode PD of each pixel and the floating diffusion FD are isolated from the
photodiode PD of the neighboring pixel and the floating diffusion FD by the element
isolation unit 69. In addition, from the floating diffusion FD to a not-shown pixel
transistor other than the transfer transistor of the circuit substrate, the FD wiring is
configured by each of the plugs 32, 34, 44, and 42 and the wirings 33 and 43.

The TRG wiring 38 is connected to the transfer gate electrode 68 through the plug
83. The TRG wiring is connected to the circuit substrate side, outside the pixel area as
shown in Figs. 6A to 6C described above. In addition, in the present example, in the
same manner as the above-described first and second embodiments, the pixel transistor
other than the transfer transistor is shared in a plurality of photodiodes PD. For
example, in the same manner as the configuration shown in Fig. 12 described above,
the plurality of FD wirings are connected by a wiring or an electrode, and therefore the
pixel transistor other than the transfer transistor may be shared in the plurality of pho-
todiodes PD and the floating diffusion FD.



19

WO 2014/013696 PCT/JP2013/004216

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

<Modification Example: Planar Arrangement>

Next, a modification example of the solid-state imaging device according to the third
embodiment described above will be described. In the present modification example, a
case in which a pixel sharing structure of 2 * 2 is applied will be described. In addition,
in the following description, description of the same configuration as the first to third
embodiments will be omitted. In addition, a cross-sectional configuration is the same
configuration as Figs. 12 and 14 described above, and thus repeated description will be
omitted.

In Fig. 15, a planar arrangement diagram of the solid-state imaging device according
to the present example is shown. As shown in Fig. 15, a four-pixel sharing unit in
which photodiodes PD (PD1 to PD4) of four pixels of lateral 2 * longitudinal 2 are
arranged is arranged in a two-dimensional array shape to thereby form the pixel unit.
The element isolation unit 69 is provided between the photodiodes PD. A periphery of
the photodiode PD is surrounded by the element isolation unit 69, and each of the pho-
todiodes PD is isolated by the element isolation unit 69. The photodiodes PD are
isolated by the element isolation unit 69, thereby preventing color mixing between the
pixels.

In addition, in the photodiode PD, in a diagonal corner to a corner in which the
transfer gate electrodes 21 to 24 and the floating diffusion FD are provided, a Well 81
is provided. In the Well 81, a GND terminal 82 which is not shown and connected with
the GND wiring is provided. The Well 81 and the GND terminal 82 are provided in
each of the photodiodes PD.

With respect to the photodiodes PD1 to PD4, the floating diffusions FD are re-
spectively provided. The floating diffusions FD and the transfer gate electrodes 21 to
24 are arranged in a position corresponding to a corner on a center portion side of each
of the photodiodes PD1 to PDA4.

The photodiodes PD are connected with each other by the first electrode 35 provided
on a surface of the first wiring layer on the sensor substrate. Therefore, a configuration
in which the floating diffusion FD connected through a wiring is shared in four pho-
todiodes PD (PD1 to PD4) of four pixels is provided. For example, as a configuration
shown in Fig. 12 described above, a plurality of FD electrode wirings are connected to
the first electrode 35, and therefore the floating diffusion FD wiring-connected may be
shared in four photodiodes PD of 2 * 2. In addition, in Fig. 15, only an arranged
position of the first electrode 35 is shown.

<Fourth Embodiment>

<Electronic Apparatus>

Next, an embodiment of an electronic apparatus including the above-described solid-

state imaging device will be described. The above-described solid-state imaging device
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may be applied to, for example, electronic apparatuses such as a camera system such as
a digital camera or a video camera, a mobile phone having an imaging function, or
other apparatuses having an imaging function. Hereinafter, a camera as a first con-
figuration example of the electronic apparatus will be described.

In Fig. 16, a configuration example of a video camera capable of imaging still images
or video images is shown. The camera 70 of this example includes a solid-state
imaging device 71, an optical system 72 that guides incident light to a light receiving
sensor unit of the solid-state imaging device 71, a shutter device 73 provided between
the solid-state imaging device 71 and the optical system 72, and a drive circuit 74 that
drives the solid-state imaging device 71. In addition, the camera 70 includes a signal
processing circuit 75 that processes an output signal of the solid-state imaging device
71.

As the solid-state imaging device 71, the above described solid-state imaging device
according to each of the embodiments and modification examples may be applied. A
configuration and function of each of the other units are as follows.

In the optical system 72, an image beam (incident light) from a subject is formed on
an imaging surface (not shown) of the solid-state imaging device 71. Thus, within the
solid-state imaging device 71, signal charge is accumulated for a predetermined period
of time. In addition, the optical system 72 may be constituted of an optical lens group
including a plurality of optical lens. In addition, the shutter device 73 controls a light
irradiation period to the solid-state imaging device 71 of the incident light and a
shading period.

The drive circuit 74 supplies drive signals to the solid-state imaging device 71 and
the shutter device 73. The drive circuit 74 controls a signal output operation to the
signal processing circuit 75 of the solid-state imaging device 71 and a shutter operation
of the shutter device 73 by the supplied drive signals. That is, in the present example,
by the drive signals (timing signals) supplied from the drive circuit 74, a signal
transmission operation from the solid-state imaging device 71 to the signal processing
circuit 75 is performed.

The signal processing circuit 75 performs a variety of signal processes with respect to
the signals transmitted from the solid-state imaging device 71. The signals (image
signals) on which the variety of signal processes are performed are stored in a storage
medium (not shown) such as a memory. Otherwise, the signals are output to a monitor
(not shown).

The present disclosure may have the following configuration.

(1) A solid-state imaging device may comprise a first wiring layer formed on a
sensor substrate and a second wiring layer formed on a circuit substrate. The sensor

substrate may be coupled to the circuit substrate, the first wiring layer and the second
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wiring layer being positioned between the sensor substrate and the circuit substrate. A
first electrode may be formed on a surface of the first wiring layer, a second electrode
may be formed on a surface of the second wiring layer, and the first electrode may be
in electrical contact with the second electrode.

(2) A solid-state imaging device according to (1), a floating diffusion region may be
formed in the sensor substrate, and a first electrical conductor may connect the floating
diffusion region to the first electrode.

(3) A solid-state imaging device according to (1) or (2), a second electrical conductor
may connect the second electrode to a gate electrode of an amplification transistor.

(4) A solid-state imaging device according to any one of (1) to (3), a first photodiode
and a second photodiode may be formed in the sensor substrate, the first photodiode
and the second photodiode sharing an amplification transistor.

(5) A solid-state imaging device according to any one of (1) to (4), a width of a
region in which the first electrode and the second electrode may be formed smaller in a
direction parallel to a surface of the first wiring layer than a width of a region in which
the first photodiode and the second photodiode are formed.

(6) A solid-state imaging device according to any one of (1) to (5), a cross-sectional
area of the first electrode may be greater than a cross-sectional area of the first
electrical conductor in a plane parallel to a surface of the first wiring layer.

(7) A solid-state imaging device according to any one of (1) to (6), a cross-sectional
area of the second electrode may be greater than a cross-sectional area of the second
electrical conductor in a plane parallel to a surface of the first wiring layer.

(8) A solid-state imaging device according to any one of (1) to (7), a cross-sectional
area of at least one of the first electrode or the second electrode may be greater in a
plane parallel to a surface of the first wiring layer than a cross-sectional area of the
floating diffusion region.

(9) A solid-state imaging device according to any one of (1) to (8), the first electrode
may include a first conductor layer extending in a first direction parallel to a surface of
the first wiring layer, and the second electrode may include a second conductor layer
extending in a second direction parallel to a surface of the second wiring layer.

(10) A solid-state imaging device according to any one of (1) to (9), the first
electrode may be rectangular in shape, the second electrode may be rectangular in
shape.

(11) A solid-state imaging device according to any one of (1) to (10), the first
direction may be perpendicular to the second direction.

(12) A solid-state imaging device according to any one of (1) to (11), the first
electrode may include a first conductor layer portion formed in a first direction parallel

to a surface of the first wiring layer and a second conductor layer portion formed in a
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second direction parallel to the surface of the first wiring layer.

(13) A solid-state imaging device according to any one of (1) to (12), the first
conductor layer portion may intersect the second conductor layer portion and the first
direction parallel to the surface of the first wiring layer being perpendicular to the
second direction parallel to the surface of the first wiring layer.

(14) A solid-state imaging device according to any one of (1) to (13), the second
electrode may include a third conductor layer portion formed in a first direction
parallel to a surface of the second wiring layer and a fourth conductor layer portion
formed in a second direction parallel to the surface of the second wiring layer.

(15) A solid-state imaging device according to any one of (1) to (14), the third
conductor layer portion may intersect the fourth conductor layer portion and the first
direction parallel to the surface of the second wiring layer being perpendicular to the
second direction parallel to the surface of the second wiring layer.

(16) A solid-state imaging device according to any one of (1) to (15), the first
conductor layer portion may be parallel to the third conductor layer portion, and the
second conductor layer portion may be parallel to the fourth conductor layer portion.

(17) A solid-state imaging device according to any one of (1) to (16), the first
electrode may be formed in a first lattice shape. The second electrode may be formed
in a second lattice shape. And a center of the first electrode may be offset from a center
of the second electrode in a direction parallel to a surface of the first wiring layer.

(18) A solid-state imaging device according to any one of (1) to (17), the first
electrode may be formed in a first mesh shape. The second electrode may be formed in
a second mesh shape. And a center of the first electrode may be offset from a center of
the second electrode in a direction parallel to a surface of the first wiring layer.

(19) A solid-state imaging device may comprise a sensor substrate bonded to a circuit
substrate, a first wiring layer being formed on a surface of the sensor substrate and a
second wiring layer being formed on a surface of the circuit substrate. The first wiring
layer and the second wiring layer may be between the sensor substrate and the circuit
substrate. A first contact electrode may be formed on a surface of the first wiring layer
opposite from the sensor substrate and a second electrode may be formed on a surface
of the second wiring layer opposite from the circuit substrate. And the first electrode
may be in electrical contact with the second electrode.

(20) A solid-state imaging device according to (19), the first electrode may include a
first conductor layer extending in a first direction parallel to a surface of the first
wiring layer.

(21) A solid-state imaging device according to (19) or (20), the second electrode may
include a second conductor layer extending in a second direction parallel to a surface

of the second wiring layer.
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(22) A solid-state imaging device according to any one of (19) to (21), the first
electrode may be rectangular in shape. The second electrode may be rectangular in
shape. And the first direction may be perpendicular to the second direction.

(23) A solid-state imaging device according to any one of (19) to (22), the first
electrode may include a first conductor layer portion formed in a first direction parallel
to a surface of the first wiring layer and a second conductor layer portion formed in a
second direction parallel to the surface of the first wiring layer. The first conductor
layer portion may intersect the second conductor layer portion, and the first direction
parallel to the surface of the first wiring layer may be perpendicular to the second
direction parallel to the surface of the first wiring layer.

(24) A solid-state imaging device according to any one of (19) to (23), the second
electrode may include a third conductor layer portion formed in a first direction
parallel to a surface of the second wiring layer and a fourth conductor layer portion
formed in a second direction parallel to the surface of the second wiring layer.

(25) A solid-state imaging device according to any one of (19) to (24), the third
conductor layer portion may intersect the fourth conductor layer portion, and the first
direction parallel to the surface of the second wiring layer may be perpendicular to the
second direction parallel to the surface of the second wiring layer.

(26) A solid-state imaging device according to any one of (19) to (25), the first
conductor layer portion may be parallel to the third conductor layer portion and the
second conductor layer portion may be parallel to the fourth conductor layer portion.

(27) A solid-state imaging device according to any one of (19) to (26), the first
electrode may be formed in a first lattice shape. The second electrode may be formed
in a second lattice shape. And a center of the first electrode may be offset from a center
of the second electrode in a direction parallel to a surface of the first wiring layer.

(28) A solid-state imaging device according to any one of (19) to (27), the first
electrode may be formed in a first mesh shape. The second electrode may be formed in
a second mesh shape. And a center of the first electrode may be offset from a center of
the second electrode in a direction parallel to a surface of the first wiring layer.

(29) A method for making a solid-state imaging device may comprise the steps of
forming a first wiring layer on a sensor substrate, forming a second wiring layer on a
circuit substrate, forming a first electrode on a surface of the first wiring layer, forming
a second electrode on a surface of the second wiring layer, and coupling the sensor
substrate to the circuit substrate with the first wiring layer and the second wiring layer
being between the sensor substrate and the circuit substrate.

(30) In the method for making a solid-state imaging device according to (29), a
floating diffusion region may be formed in the sensor substrate, and a first electrical

conductor may be formed to connect the floating diffusion region to the first electrode.
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(31) In the method for making a solid-state imaging device according to (29) or (30),
a second electrical conductor may be formed to connect the second electrode to a gate
electrode of an amplification transistor.

(32) In the method for making a solid-state imaging device according to any one of
(29) to (31), a first photodiode and a second photodiode may be formed in the sensor
substrate, the first photodiode and the second photodiode sharing an amplification
transistor.

(33) In the method for making a solid-state imaging device according to any one of
(29) to (32), a width of a region in which the first electrode and the second electrode
may be formed to be smaller in a direction parallel to a surface of the first wiring layer
than a width of a region in which the first photodiode and the second photodiode are
formed.

(34) In the method for making a solid-state imaging device according to any one of
(29) to (33), a cross-sectional area of the first electrode may be formed to be greater
than a cross-sectional area of the first electrical conductor in a plane parallel to a
surface of the first wiring layer.

(35) In the method for making a solid-state imaging device according to any one of
(29) to (34), a cross-sectional area of the second electrode may be formed to be greater
than a cross-sectional area of the second electrical conductor in a plane parallel to a
surface of the first wiring layer.

(36) In the method for making a solid-state imaging device according to any one of
(29) to (35), a cross-sectional area of at least one of the first electrode or the second
electrode may be formed to be greater in a plane parallel to a surface of the first wiring
layer than a cross-sectional area of the floating diffusion region.

(37) In the method for making a solid-state imaging device according to any one of
(29) to (36), the first electrode may be formed to include a first conductor layer
extending in a first direction parallel to a surface of the first wiring layer. And the
second electrode may be formed to include a second conductor layer extending in a
second direction parallel to a surface of the second wiring layer.

(38) In the method for making a solid-state imaging device according to any one of
(29) to (37), the first electrode may be formed to be rectangular in shape, the second
electrode may be formed to be rectangular in shape, and the first direction may be per-
pendicular to the second direction.

(39) In the method for making a solid-state imaging device according to any one of
(29) to (38), the first electrode may be formed to include a first conductor layer portion
formed in a first direction parallel to a surface of the first wiring layer and a second
conductor layer portion formed in a second direction parallel to the surface of the first

wiring layer.



25

WO 2014/013696 PCT/JP2013/004216

[0152]

[0153]

[0154]

[0155]

[0156]

(40) In the method for making a solid-state imaging device according to any one of
(29) to (39), the first conductor layer portion may intersect the second conductor layer
portion and the first direction parallel to the surface of the first wiring layer may be
perpendicular to the second direction parallel to the surface of the first wiring layer.

(41) In the method for making a solid-state imaging device according to any one of
(29) to (40), the second electrode may be formed to include a third conductor layer
portion formed in a first direction parallel to a surface of the second wiring layer and a
fourth conductor layer portion may be formed in a second direction parallel to the
surface of the second wiring layer. The third conductor layer portion may intersect the
fourth conductor layer portion, and the first direction parallel to the surface of the
second wiring layer may be perpendicular to the second direction parallel to the
surface of the second wiring layer. And the first conductor layer portion may be
formed to be parallel to the third conductor layer portion and the second conductor
layer portion may be formed to be parallel to the fourth conductor layer portion.

(42) In the method for making a solid-state imaging device according to any one of
(29) to (41), the first electrode may be formed in a first lattice shape. The second
electrode may be formed in a second lattice shape. And a center of the first electrode
may be formed to be offset from a center of the second electrode in a direction parallel
to a surface of the first wiring layer.

(43) In the method for making a solid-state imaging device according to any one of
(29) to (42), the first electrode may be formed in a first mesh shape. The second
electrode may be formed in a second mesh shape. And a center of the first electrode
may be formed to be offset from a center of the second electrode in a direction parallel
to a surface of the first wiring layer.

(44) A solid-state imaging device including: a first semiconductor substrate; a second
semiconductor substrate;

a photodiode that is formed on the first semiconductor substrate, and in which a
second primary surface side of the first semiconductor substrate is a light receiving
surface; a floating diffusion that is formed on a surface of a first primary surface of the
first semiconductor substrate; a first transistor that is formed on the first primary
surface of the first semiconductor substrate; a first wiring layer that is formed on the
first primary surface of the first semiconductor substrate; a first electrode that is
exposed to a surface of the first wiring layer; a second transistor that is formed on a
first primary surface of the second semiconductor substrate;

a second wiring layer that is formed on the first primary surface of the second semi-
conductor substrate; a second electrode that is exposed to a surface of the second
wiring layer; and a floating diffusion wiring that connects the floating diffusion and a

gate electrode of the second transistor through the first electrode and the second
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electrode, wherein the second transistor is shared by a plurality of the photodiodes, and
the first electrode and the second electrode are joined together so that the first semi-
conductor substrate and the second semiconductor substrate are bonded with each
other.

(45) In the solid-state imaging device according to (44), the first electrode and the
second electrode may be smaller than an area of a region in which the plurality of pho-
todiodes sharing the second transistor are formed.

(46) In the solid-state imaging device according to (44) or (45), an area of at least one
of the first electrode and the second electrode may be larger than an area in which the
floating diffusion is formed.

(47) In the solid-state imaging device according to any one of (44) to (46), the first
electrode and the second electrode are formed by conductor layers that extend in
mutually different directions.

(48) In the solid-state imaging device according to any one of (44) to (47), the first
electrode and the second electrode may be formed in a lattice shape in which a
plurality of conductor layers extending in mutually different directions are combined.

(49) In the solid-state imaging device according to any one of (44) to (48), a third
electrode for connecting a first gate electrode wiring connected to a gate electrode of
the first transistor and the second semiconductor substrate may be formed on a surface
of the first wiring layer around a pixel area in which the photodiode and the floating
diffusion are formed.

(50) In the solid-state imaging device according to (49), a plurality of third electrodes
may be aligned in a direction parallel to the first gate electrode wiring.

(51) In the solid-state imaging device according to any one of (44) to (49), the
floating diffusion wiring may be surrounded by a ground wiring within the first wiring
layer.

(52) In the solid-state imaging device according to any one of (44) to (51), the
floating diffusion wiring may be surrounded by a VDD wiring within the second
wiring layer.

(53) In the solid-state imaging device according to any one of (44) to (52), the first
electrode may be shared in a plurality of the floating diffusions.

(54) In the solid-state imaging device according to any one of (44) to (53), an
element isolation portion may be formed around the photodiode.

(55) In the solid-state imaging device according to (54), a terminal connected to a
ground wiring may be disposed in the photodiode.

(56) An electronic apparatus including: the solid-state imaging device according to
any one of (44) to (55) and a signal processing circuit that processes an output signal of

the solid-state imaging device.
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The present disclosure contains subject matter related to that disclosed in Japanese
Priority Patent Application JP 2012-159789 filed in the Japan Patent Office on July 18,

2012, the entire contents of which are hereby incorporated by reference.
It should be understood by those skilled in the art that various modifications, com-

binations, sub-combinations and alterations may occur depending on design re-
quirements and other factors insofar as they are within the scope of the appended
claims or the equivalents thereof.
Reference Signs List

3 Sensor substrate

9 Circuit substrate

10, 71 Solid-state imaging device

11 First semiconductor chip unit

12 Pixel area

13 Second semiconductor chip unit

14 Control circuit

15 Logic circuit

21,22,23,24, 61, 62, 63, 64, 68 Transfer gate electrode

25, 42 Amplification gate electrode

26 Selection gate electrode

27, 29, 52 Diffusion region

31, 41 Wiring layer

32,34,42, 44, 46, 54, 65, 67 Plug

33,43,47, 48, 53, 56, 66 Wiring

35 First electrode

36, 37 Region

38 TRG wiring

39 Third electrode

45 Second electrode

49 Fourth electrode

51 Reset gate electrode

55 GND wiring

57 VDD wiring

69 Element isolation unit

70 Camera

72 Optical system

73 Shutter device

74 Drive circuit
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75 Signal processing circuit

81 Well

82 GND terminal

FD1, FD2 Floating diffusion

PD1, PD2, PD3, PD4, PDS5, PD6, PD7, PD8 Photodiode
Trl, Tr2, Tr3, Trd, Tr8, Tr9, Tr10, Tr11 Transfer transistor
TrS Amplification transistor

Tr6 Selection transistor

Tr7 Reset transistor
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Claims
A solid-state imaging device comprising:
a first wiring layer formed on a sensor substrate; and
a second wiring layer formed on a circuit substrate, wherein
the sensor substrate is coupled to the circuit substrate, the first wiring
layer and the second wiring layer being positioned between the sensor
substrate and the circuit substrate,
a first electrode is formed on a surface of the first wiring layer,
a second electrode is formed on a surface of the second wiring layer,
and
the first electrode is in electrical contact with the second electrode.
The solid-state imaging device according to claim 1, wherein
a floating diffusion region is formed in the sensor substrate, and a first
electrical conductor connects the floating diffusion region to the first
electrode.
The solid-state imaging device according to claim 1, wherein
a second electrical conductor connects the second electrode to a gate
electrode of an amplification transistor.
The solid-state imaging device according to claim 1, wherein
a first photodiode and a second photodiode are formed in the sensor
substrate, the first photodiode and the second photodiode sharing an
amplification transistor.
The solid-state imaging device according to claim 1, wherein
a width of a region in which the first electrode and the second electrode
are formed smaller in a direction parallel to a surface of the first wiring
layer than a width of a region in which the first photodiode and the
second photodiode are formed.
The solid-state imaging device according to claim 2, wherein
a cross-sectional area of the first electrode is greater than a cross-
sectional area of the first electrical conductor in a plane parallel to a
surface of the first wiring layer.
The solid-state imaging device according to claim 3, wherein
a cross-sectional area of the second electrode is greater than a cross-
sectional area of the second electrical conductor in a plane parallel to a
surface of the first wiring layer.
The solid-state imaging device according to claim 2, wherein

a cross-sectional area of at least one of the first electrode or the second



WO 2014/013696

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

30

PCT/JP2013/004216

electrode is greater in a plane parallel to a surface of the first wiring
layer than a cross-sectional area of the floating diffusion region.

The solid-state imaging device according to claim 1, wherein

the first electrode includes a first conductor layer extending in a first
direction parallel to a surface of the first wiring layer, and

the second electrode includes a second conductor layer extending in a
second direction parallel to a surface of the second wiring layer.

The solid-state imaging device according to claim 9, wherein

the first electrode is rectangular in shape,

the second electrode is rectangular in shape,

and the first direction is perpendicular to the second direction.

The solid-state imaging device according to claim 1, wherein

the first electrode includes a first conductor layer portion formed in a
first direction parallel to a surface of the first wiring layer and a second
conductor layer portion formed in a second direction parallel to the
surface of the first wiring layer, the first conductor layer portion in-
tersecting the second conductor layer portion and the first direction
parallel to the surface of the first wiring layer being perpendicular to
the second direction parallel to the surface of the first wiring layer,

the second electrode includes a third conductor layer portion formed in
a first direction parallel to a surface of the second wiring layer and a
fourth conductor layer portion formed in a second direction parallel to
the surface of the second wiring layer, the third conductor layer portion
intersecting the fourth conductor layer portion and the first direction
parallel to the surface of the second wiring layer being perpendicular to
the second direction parallel to the surface of the second wiring layer,
and

the first conductor layer portion is parallel to the third conductor layer
portion and the second conductor layer portion is parallel to the fourth
conductor layer portion.

The solid-state imaging device according to claim 1, wherein

the first electrode is formed in a first lattice shape,

the second electrode is formed in a second lattice shape, and

a center of the first electrode is offset from a center of the second
electrode in a direction parallel to a surface of the first wiring layer.
The solid-state imaging device according to claim 1, wherein

the first electrode is formed in a first mesh shape,

the second electrode is formed in a second mesh shape, and
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a center of the first electrode is offset from a center of the second
electrode in a direction parallel to a surface of the first wiring layer.

A solid-state imaging device comprising:

a sensor substrate is bonded to a circuit substrate, a first wiring layer
being formed on a surface of the sensor substrate and a second wiring
layer being formed on a surface of the circuit substrate, the first wiring
layer and the second wiring layer being between the sensor substrate
and the circuit substrate, wherein

a first contact electrode is formed on a surface of the first wiring layer
opposite from the sensor substrate and a second electrode is formed on
a surface of the second wiring layer opposite from the circuit substrate,
and

the first electrode is in electrical contact with the second electrode.
The solid-state imaging device according to claim 14, wherein

the first electrode includes a first conductor layer extending in a first
direction parallel to a surface of the first wiring layer,

the second electrode includes a second conductor layer extending in a
second direction parallel to a surface of the second wiring layer.

The solid-state imaging device according to claim 15, wherein

the first electrode is rectangular in shape,

the second electrode is rectangular in shape,

and the first direction is perpendicular to the second direction.

The solid-state imaging device according to claim 14, wherein

the first electrode includes a first conductor layer portion formed in a
first direction parallel to a surface of the first wiring layer and a second
conductor layer portion formed in a second direction parallel to the
surface of the first wiring layer, the first conductor layer portion in-
tersecting the second conductor layer portion and the first direction
parallel to the surface of the first wiring layer being perpendicular to
the second direction parallel to the surface of the first wiring layer,

the second electrode includes a third conductor layer portion formed in
a first direction parallel to a surface of the second wiring layer and a
fourth conductor layer portion formed in a second direction parallel to
the surface of the second wiring layer, the third conductor layer portion
intersecting the fourth conductor layer portion and the first direction
parallel to the surface of the second wiring layer being perpendicular to
the second direction parallel to the surface of the second wiring layer,

and



WO 2014/013696

[Claim 18]

[Claim 19]

[Claim 20]

[Claim 21]

[Claim 22]

[Claim 23]

[Claim 24]

32

PCT/JP2013/004216

the first conductor layer portion is parallel to the third conductor layer
portion and the second conductor layer portion is parallel to the fourth
conductor layer portion.

The solid-state imaging device according to claim 14, wherein

the first electrode is formed in a first lattice shape,

the second electrode is formed in a second lattice shape, and

a center of the first electrode is offset from a center of the second
electrode in a direction parallel to a surface of the first wiring layer.
The solid-state imaging device according to claim 14, wherein

the first electrode is formed in a first mesh shape,

the second electrode is formed in a second mesh shape, and

a center of the first electrode is offset from a center of the second
electrode in a direction parallel to a surface of the first wiring layer.

A method for making a solid-state imaging device, the method
comprising the steps of:

forming a first wiring layer on a sensor substrate;

forming a second wiring layer on a circuit substrate;

forming a first electrode on a surface of the first wiring layer;

forming a second electrode on a surface of the second wiring layer; and
coupling the sensor substrate to the circuit substrate with the first
wiring layer and the second wiring layer being between the sensor
substrate and the circuit substrate.

The method according to claim 20, wherein

a floating diffusion region is formed in the sensor substrate, and a first
electrical conductor is formed to connect the floating diffusion region
to the first electrode.

The method according to claim 20, wherein

a second electrical conductor is formed to connect the second electrode
to a gate electrode of an amplification transistor.

The method according to claim 20, wherein

a first photodiode and a second photodiode are formed in the sensor
substrate, the first photodiode and the second photodiode sharing an
amplification transistor.

The method according to claim 20, wherein

a width of region in which the first electrode and the second electrode
are formed to be smaller in a direction parallel to a surface of the first
wiring layer than a width of a region in which the first photodiode and

the second photodiode are formed.
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The method according to claim 21, wherein

a cross-sectional area of the first electrode is formed to be greater than
a cross-sectional area of the first electrical conductor in a plane parallel
to a surface of the first wiring layer.

The method according to claim 22, wherein

a cross-sectional area of the second electrode is formed to be greater
than a cross-sectional area of the second electrical conductor in a plane
parallel to a surface of the first wiring layer.

The method according to claim 21, wherein

a cross-sectional area of at least one of the first electrode or the second
electrode is formed to be greater in a plane parallel to a surface of the
first wiring layer than a cross-sectional area of the floating diffusion
region.

The method according to claim 20, wherein

the first electrode is formed to include a first conductor layer extending
in a first direction parallel to a surface of the first wiring layer, and

the second electrode is formed to include a second conductor layer
extending in a second direction parallel to a surface of the second
wiring layer.

The method according to claim 28, wherein

the first electrode is formed to be rectangular in shape,

the second electrode is formed to be rectangular in shape,

and the first direction is perpendicular to the second direction.

The method according to claim 20, wherein

the first electrode is formed to include a first conductor layer portion
formed in a first direction parallel to a surface of the first wiring layer
and a second conductor layer portion formed in a second direction
parallel to the surface of the first wiring layer, the first conductor layer
portion intersecting the second conductor layer portion and the first
direction parallel to the surface of the first wiring layer being per-
pendicular to the second direction parallel to the surface of the first
wiring layer,

the second electrode is formed to include a third conductor layer
portion formed in a first direction parallel to a surface of the second
wiring layer and a fourth conductor layer portion formed in a second
direction parallel to the surface of the second wiring layer, the third
conductor layer portion intersecting the fourth conductor layer portion

and the first direction parallel to the surface of the second wiring layer
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being perpendicular to the second direction parallel to the surface of the
second wiring layer, and

the first conductor layer portion is formed to be parallel to the third
conductor layer portion and the second conductor layer portion is
formed to be parallel to the fourth conductor layer portion.

The method according to claim 20, wherein

the first electrode is formed in a first lattice shape,

the second electrode is formed in a second lattice shape, and

a center of the first electrode is formed to be offset from a center of the
second electrode in a direction parallel to a surface of the first wiring
layer.

The method according to claim 20, wherein

the first electrode is formed in a first mesh shape,

the second electrode is formed in a second mesh shape, and

a center of the first electrode is formed to be offset from a center of the
second electrode in a direction parallel to a surface of the first wiring

layer.



1/22

WO 2014/013696 PCT/JP2013/004216

[Fig. 1]

FIG. 1

10
T
PIXEL AREA "

/ CONTROL CIRCUIT 14
13
15
LOGIC CIRCUIT




2/22

WO 2014/013696 PCT/JP2013/004216

[Fig. 2]




WO 2014/013696

[Fig. 3]

34

319

11+

9<

3/22

FIG. 3

A

36

PCT/JP2013/004216

[l

37

y

'

N\

))

7

N\

NN\

FD
~ N

e

TRG

32

2.

NN
/

}\/\\\

TRG \/

22
33
p.

34
ANANAN 4

Tr2

AN

—35

NN

ANANANAN AN
\\?%UJ%K%\\ \\%
43

44%

N
25 R 42 \26 N
Trb o Ir6 \H\\ N 46
N\ RN RNETAN
NV NN \




4/22
WO 2014/013696 PCT/JP2013/004216

[Fig. 4A]

+~—35

FIG. 4A



5/22

WO 2014/013696 PCT/JP2013/004216

[Fig. 4B]

M
<
O
T



WO 2014/013696

[Fig. 4C]

6/22

FIG. 4C

PCT/JP2013/004216



7/22

WO 2014/013696 PCT/JP2013/004216

[Fig. 4D]




8/22

WO 2014/013696 PCT/JP2013/004216

[Fig. 4E]

E EH EY Y EL

] B9 EH E

BEEET

T T T T e T




9/22

WO 2014/013696 PCT/JP2013/004216
[Fig. 5]
FIG. 5
Tr1 21 99 Tr2 Tr1 Tr2
GND = AN £ ZAN L 5
[P\ M7 ro [[por M P |
| A A ANNG ] P AN ]
TRG . 1
FD > T X D
32 TRG : S 1| 7 : .
23W\w//§ L iINN 20 11
T3~ P03 bl P4 | | P03 TR PDa T4
Tr4 GND ¢ Z X Z X Tr3
2P0y x| Pp2] | [PDT__ PS poaf [ 1"

TRG === f § f -
e Y C )
TRG' 1 > E | i( ; ]
TRGIlli\V/E||]§\\7//§||I

____________________________________________

Tr4 GND' [ AN z N . Tr3
T2—~po1_X[ _po2| | [PD1__ 4~ oot [
RO A~ T 11 AN~ L

"""""""""""""" /\ 'L—\Tr4
Tr4 GND ¢ 25 7z X : Tr3
T2—po1__ X[ Po2] | [PD1__ ¥ poof "

TRG e — -

TRG S f el
mM—__ X jx)s il fx[ D:: w—Tr2
: Y i ] 4 |

eIl SN~/ 1T ~N~r/7 [




10/22

WO 2014/013696 PCT/JP2013/004216

[Fig. 6A]

S\\,\ X 1 ! 5)3“

i R
N 1 7
‘—\ ///

[

39 N—F

N

FIG. 6A



11/22

PCT/JP2013/004216

WO 2014/013696

[Fig. 6B]

.36 Q6 06t H6E V6L 95 '8¢
- 366 U6 OBt H6E V6E g6 ‘8¢

d9 9Old



12/22

PCT/JP2013/004216

WO 2014/013696

[Fig. 6C]

P

))

vy m%/ vy N 8r_ty N8t \wﬁ J8r v 8
L %\F@\F% B S TR SN
Ny :_Nm y—e M N Ave e /)
YA A
GS wm Gg ge mm 8¢ /' GG '8¢ 6¢ 66 B¢

L6

lv

LS

> L€

NN

NN

Q9 Ol



13/22

WO 2014/013696 PCT/JP2013/004216

[Fig. 7]

FIG. 7

36
37

A

. N
g /TRG’ VY /
Tri ‘
r 21
\ N N (
N




14/22

WO 2014/013696 PCT/JP2013/004216

[Fig. 8]




15/22

WO 2014/013696 PCT/JP2013/004216

[Fig. 9]
FIG. 9
NN NN
3<\\iiii2£ \\\\\jZ;;f;\\
7 0
| v ////Q\
i AN ‘?2/
" 4 32 > g / r

/L\ NN

> AN AN i

‘\\\L‘Q;/ﬁi<€ig5 ‘\‘d

8 44 RY -
i 53N L2 T2 7] 147
5417 51 42—R TI’6 26 L 46

N N
N 25 ~
§4 L\ E\
Q R Rst Amp N
f&

52

\ // N \\(\ \X\
/ 2)7// p
93 /////




16/22

WO 2014/013696 PCT/JP2013/004216

[Fig. 10]

FIG. 10

34

\\y Y

NN
/

g w
/ \ SNN\NN\N\\y
d
////Q
N
& Z
()(} @/

e N

I IIIIIIED A
ST NG N N
Tr7 51 S N 25 26, N146

A CENART AN
$3R515 O¥Amp]  N\{Sels \\

414

4

n
¢
L

N

i

N

g«




17/22

WO 2014/013696 PCT/JP2013/004216
[Fig. 11]
Tr1
35, 37—
33~
32
45—
23
Tr3— —Tr4
Trd Tr3
Tr9 —Tr8
61 62 —~—Tr9
T—"1T
66—
65
63—

Tr11— ——Tr10
Tr10 Tr11
Tr2 Tr1
T—"1 \ / D i
Ti3—17| [PD3i || iPD4: PD3! [wl_iPD4| [M——Tr4
Trd : - Ny : . /A\}- i Tr3
19 PD1| 4 P02 T8
Tr8—""1 / N [T

| 7 FD2 N
PD3 ~ PD4
Tr11 10 Tr11 Tr10




18/22

PCT/JP2013/004216

WO 2014/013696

[Fig. 12]

>0

437

> 1€

>

¢l Ol




19/22

PCT/JP2013/004216

WO 2014/013696

[Fig. 13]

Ge 89 ¢t d4 g¢ 89 ¢t dd

|

L/

|

L/

\ QW\ > 74 QW\
V/ N V/ <C| (%
: 7 é\ \\_\,mw
ad d =
e8I AN "
E/l_u.w\\.,// - ~ _\\,,..,Mm\mm
sl K
9 LI— o /w\mnf.ﬂ_'mw
£8 ad ad 8¢
18T\ N\ _
| B !
2 s gl Ol



20/22

PCT/JP2013/004216

WO 2014/013696

[Fig. 14]

L4

1ES

£<

m.\

m N
w%ﬁ
£8 /
89 77




21/22

WO 2014/013696

[Fig. 15]

FIG. 15

82 81 2 8 3

\
[

32
P02 | |-

e 69

83" | PD3 >< PD4

& | A 32

PCT/JP2013/004216



22/22

PCT/JP2013/004216

WO 2014/013696

[Fig. 16]

7/ —~— LINJYID AIEJ
TYNOIS 1INDYHID 30IA3d l
ONOVAI ONISSAV0Hd |e—— SNIOVII =
TVYNDIS 41V1S-dINos
G/ w f
0L 1] oL




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2013/004216

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1L27/146
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraphs [0035] - [0040],
figure 2

paragraphs [0048], [0049],
[0063]; figures 7,13,19

10 April 2008 (2008-04-10)

WO 2012/001939 Al (CANON KK [JP]; INUI
FUMIHIRO [JP]) 5 January 2012 (2012-01-05)

US 2011/156197 Al (TIVARUS CRISTIAN A [US]
ET AL) 30 June 2011 (2011-06-30)

US 2008/083939 Al (GUIDASH ROBERT M [US])
paragraphs [0040] - [0049]; figures 5-7

1-9,14,
15,20-28
[0046] ;

1-9,14,
15,20-28
[0062] ,

1-5,14,
20-24

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 September 2013

Date of mailing of the international search report

13/09/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Cabrita, Ana

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2013/004216
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2008/117956 Al (SILICONFILE 1-3,5,6,
TECHNOLOGIES INC [KR]; LEE DO YOUNG [KR]) 14,
2 October 2008 (2008-10-02) 20-22,
24-26
figure 11
A US 2007/069258 Al (AHN JUNG-CHAK [KR]) 1-32
29 March 2007 (2007-03-29)
figure 5

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/JP2013/004216
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2012001939 Al 05-01-2012 JP 2012015400 A 19-01-2012
US 2013105871 Al 02-05-2013
WO 2012001939 Al 05-01-2012

US 2011156197 Al 30-06-2011 TW 201143062 A 01-12-2011
US 2011156197 Al 30-06-2011
WO 2011082126 Al 07-07-2011

US 2008083939 Al 10-04-2008 CN 101523602 A 02-09-2009
EP 2067171 A2 10-06-2009
JP 2010506404 A 25-02-2010
KR 20090077904 A 16-07-2009
TW 200824111 A 01-06-2008
US 2008083939 Al 10-04-2008
US 2010248412 Al 30-09-2010
US 2011163223 Al 07-07-2011
WO 2008045356 A2 17-04-2008

WO 2008117956 Al 02-10-2008  CN 101637020 A 27-01-2010
KR 100835892 Bl 09-06-2008
US 2010019130 Al 28-01-2010
WO 2008117956 Al 02-10-2008

US 2007069258 Al 29-03-2007 CN 1941390 A 04-04-2007
KR 20070036356 A 03-04-2007
TW 1328964 B 11-08-2010
US 2007069258 Al 29-03-2007
US 2010097490 Al 22-04-2010
US 2013207219 Al 15-08-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - wo-search-report
	Page 59 - wo-search-report
	Page 60 - wo-search-report

