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(57) Abstract: A member for a solid-state image pickup device having abonding plane with no gaps and a method for manufac-
turing the same are provided. The manufacturing method includes the steps of providing afirst substrate provided with a photo-
electric converter on its primary face and afirst wiring structure, providing a second substrate provided with a part of a periphera

circuit on its primary face and a second wiring structure, and performing bonding so that the first substrate, the first wiring struc-
ture, the second wiring structure, and the second substrate are disposed in this order. In addition, at least one of an upper face of
the first wiring structure and an upper face of the second wiring structure has a concave portion, and a conductive material forms a
bottom face of the concave portion.
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Title of Invention: MEMBER FOR SOLID-STATE IMAGE
PICKUP DEVICE AND METHOD FOR MANUFACTURING
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SOLID-STATE IMAGE PICKUP DEVICE

Technical Field

The present invention relates to abonding portion of a solid-state image pickup
device.

Background Art

In CCD type and amplification-type solid-state image pickup devices used for digital
still cameras, camcorders, and the like, in order to obtain high definition images, the
sizes of pixels are required to be reduced. However, as the sizes of pixels are reduced
more and more, alight receiving area of aphotoelectric converter, in apixel, detecting
light is decreased, and the sensitivity is decreased.

In PTL 1, asolid-state image pickup device has been disclosed in which in aCMOS
type solid-state image pickup device, which is an amplification-type solid-state image
pickup device, in order to ensure alight receiving area of a photoelectric converter, a
first substrate provided with photoelectric converters and transfer transistors and a
second substrate provided with other circuits are bonded to each other. In addition, in
the solid-state image pickup device disclosed in PTL 1, atechnique has been disclosed
in which copper bonding pads are used when the first substrate and the second
substrate are bonded together, and an insulating film around the copper bonding pads
of the second substrate is recessed.

Citation List

Patent Literature
PTL 1: Japanese Patent Laid-Open No. 2006- 19108 1
Summary of Invention

Technical Problem

However, in the bonding method disclosed in PTL 1, the relationship between the co-
efficient of thermal expansion of the copper bonding pad and that of the insulating film
has not been studied, and agap may be generated at abonding plane after the bonding.
In addition, when agap is generated around the copper bonding pad having a convex
shape, copper forming the bonding pad may diffuse in some cases. When copper
diffuses in the solid-state image pickup device, problems, such as generation of white
spots, may arise.

Accordingly, the present invention provides a member for a solid-state image pickup
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device having abonding plane for solving the above problem and amethod for manu-
facturing the solid-state image pickup device.
Solution to Problem

The present invention provides amethod for manufacturing a solid-state image
pickup device which comprises the steps of: providing afirst substrate provided with a
photoelectric converter on its primary face and afirst wiring structure disposed on the
primary face of the first substrate;

providing asecond substrate provided with, on its primary face, apart of aperipheral
circuit including acontrol circuit and areadout circuit reading out a signal based on a
charge of the photoelectric converter and a second wiring structure disposed on the
primary face of the second substrate; and performing boding so that the first substrate,
the first wiring structure, the second wiring structure, and the second substrate are
disposed in this order. In the manufacturing method described above, at least one of an
upper face of the first wiring structure and an upper face of the second wiring structure
has a concave portion, and a conductive material forms abottom face of the concave
portion.

In addition, the present invention provides amethod for manufacturing a solid-state
image pickup device which includes afirst substrate provided with, on its primary
face, aphotoelectric converter and atransfer transistor transferring acharge of the pho-
toelectric converter, afirst wiring structure disposed on the primary face of the first
substrate and having afirst insulating film and afirst bonding portion, a second
substrate provided with, on its primary face, apart of aperiphera circuit portion
including acontrol circuit and areadout circuit reading out a signal based on a charge
of the photoelectric converter, and a second wiring structure disposed on the primary
face of the second substrate and having a second insulating film and a second bonding
portion, in which the first substrate, the first wiring structure, the second wiring
structure, and the second substrate are disposed in this order, the method comprising:

afirst step of forming the first insulating film and the first bonding portion on the
first substrate; and a second step of forming the second insulating film and the second
bonding portion on the second substrate. In the manufacturing method described
above, in at least one of the first step and the second step, on the basis of the primary
face of the first substrate, an upper face of the first bonding portion islower than an
upper face of the first insulating film; on the basis of the primary face of the second
substrate, an upper face of the second bonding portion islower than an upper face of
the second insulating film; or the upper face of the first bonding portion islower than
the upper face of the first insulating film on the basis of the primary face of the first
substrate, and the upper face of the second bonding portion islower than the upper face
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of the second insulating film on the basis of the primary face of the second substrate.
Advantageous Effects of Invention

Accordingly, the present invention provides a member for a solid-state image pickup
device having abonding plane with no gaps and amethod for manufacturing the solid-
state image pickup device.
Brief Description of Drawings
[fig.l]Fig. lisaschematic cross-sectional view of asolid-state image pickup device
according to Embodiment 1.
[fig.2A]Fig. 2A is aschematic plan view of the solid-state image pickup device
according to Embodiment 1.
[fig.2B]Fig. 2B is a schematic plan view of the solid-state image pickup device
according to Embodiment 1.
[fig.3]Fig. 3isacircuit diagram of the solid-state image pickup device according to
Embodiment 1.
[fig.4A]Fig. 4A is aschematic cross-sectional view illustrating a step of a method for
manufacturing the solid-state image pickup device according to Embodiment 1.
[fig.4B]Fig. 4B is a schematic cross-sectional view illustrating a step of the method for
manufacturing the solid-state image pickup device according to Embodiment 1.
[fig.5A]Fig. 5A is aschematic cross-sectional view illustrating a step of the method for
manufacturing the solid-state image pickup device according to Embodiment 1.
[fig.5B]Fig. 5B is a schematic cross-sectional view illustrating a step of the method for
manufacturing the solid-state image pickup device according to Embodiment 1.
[fig.6A]Fig. 6A is aschematic cross-sectional view illustrating a step of the method for
manufacturing the solid-state image pickup device according to Embodiment 1.
[fig.6B]Fig. 6B is a schematic cross-sectional view illustrating a step of the method for
manufacturing the solid-state image pickup device according to Embodiment 1.
[fig.7A]Fig. 7A is aschematic cross-sectiona view of abonding portion of the solid-
state image pickup device according to Embodiment 1.
[fig.7B]Fig. 7B is a schematic cross-sectional view of the bonding portion of the solid-
state image pickup device according to Embodiment 1.
[fig.7C]Fig. 7C is a schematic cross-sectional view of the bonding portion of the solid-
state image pickup device according to Embodiment 1.
[fig.7D]Fig. 7D is a schematic cross-sectional view of the bonding portion of the solid-
state image pickup device according to Embodiment 1.
[fig.7E]Fig. 7E is a schematic cross-sectional view of the bonding portion of the solid-
state image pickup device according to Embodiment 1.
[fig.8A]Fig. 8A is aschematic cross-sectional view of abonding portion of a solid-
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state image pickup device according to Embodiment 2.
[fig.8B]Fig. 8B is aschematic cross-sectional view of the bonding portion of the solid--
state image pickup device according to Embodiment 2.
[fig.8C]Fig. 8C is a schematic cross-sectional view of the bonding portion of the solid--
state image pickup device according to Embodiment 2.
[fig.8D]Fig. 8D is aschematic cross-sectional view of the bonding portion of the solid-
state image pickup device according to Embodiment 2.
[fig.8E]Fig. 8E isaschematic cross-sectional view of the bonding portion of the solid-
state image pickup device according to Embodiment 2.
[fig.9A]Fig. 9A is aschematic cross-sectional view of abonding portion of a solid-
state image pickup device according to Embodiment 3.
[fig.9B]Fig. 9B is a schematic cross-sectional view of the bonding portion of the solid-
state image pickup device according to Embodiment 3.
[fig.9C]Fig. 9C is a schematic cross-sectional view of the bonding portion of the solid-
state image pickup device according to Embodiment 3.
[fig.9D]Fig. 9D is a schematic cross-sectional view of the bonding portion of the solid-
state image pickup device according to Embodiment 3.
[fig.9E]Fig. 9E is a schematic cross-sectional view of the bonding portion of the solid-
state image pickup device according to Embodiment 3.
[fig.lOAJFig. 10A is aschematic cross-sectional view illustrating amodification of a
bonding portion.
[fig.IOBJFig. 10B is a schematic cross-sectional view illustrating a modification of a
bonding portion.
[fig.IOC]Fig. 10C is a schematic cross-sectional view illustrating a modification of a
bonding portion.
[fig.IODJFig. 10D is aschematic cross-sectional view illustrating amodification of a
bonding portion.
[fig.IOEJFig. 10E isaschematic plan view illustrating the modification of the bonding
portion.
[fig.lOFJFig. 10F is aschematic plan view illustrating the modification of the bonding
portion.
[fig.lOG]Fig. 10G is aschematic plan view illustrating the modification of the bonding
portion.
[fig. 1O0H] Fig. 10H is a schematic plan view illustrating the modification of the bonding
portion.
Description of Embodiments

A method for manufacturing a solid-state image pickup device of the present
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invention has the steps of providing afirst substrate provided with photoelectric
converters on its primary face and afirst wiring structure disposed on the primary face
of the first substrate, and providing a second substrate provided with apart of a pe-
ripheral circuit on its primary face and a second wiring structure disposed on the
primary face of the second substrate. The method also has a step of performing
bonding so that the first substrate, the first wiring structure, the second wiring
structure, and the second substrate are disposed in this order. In addition, in this solid-
state image pickup device, aconcave portion is provided in at least one of an upper
face of the first wiring structure and an upper face of the second wiring structure, and a
bottom face of the concave portion includes a conductive material. By the structure as
described above, aflat bonding plane can be obtained after the bonding.

Hereinafter, the present invention will be described in detail with reference to the
drawings. In this embodiment, the primary face of the first substrate and the primary
face of the second substrate are substrate surfaces on which transistors are formed.
Opposite side faces (opposite side surfaces) facing the respective primary faces
(primary surfaces) are aback face (back surface) of the first substrate and aback face
(surface) of the second substrate. In addition, an upward direction indicates a direction
from the back face toward the primary face of the substrate, and a downward direction
and a depth direction each indicate adirection from the primary face toward the back
face of the substrate. Furthermore, an upward direction based on a certain basis
indicates the height, and a downward direction based on acertain basis indicates the
depth. In the following descriptions, when the first and second substrates are bonded
with each other, the back face of the second substrate is at the bottom face and the back
face of the first substrate is at the top face.

Embodiment 1 of the present invention will be described with reference to Figs. 1to
6B. First, acircuit of a solid-state image pickup device according to Embodiment 1
will be described with reference to Fig. 3. In this embodiment, the case in which a
signal electric charge is an electron will be described by way of example. The solid-
state image pickup device shown in Fig. 3 has apixel portion 301 in which aplurality
of photoelectric converters is arranged and aperiphera circuit portion 302 having a pe-
ripheral circuit which includes a control circuit driving readout of asigna from the
pixel portion 301 and asignal processing circuit processing areadout signal.

In the pixel portion 301, photoelectric converters 303, transfer transistors 304, ampli-
fication transistors 306, and reset transistors 307 are arranged. A structure including at
least one photoelectric converter 303 is defined as apixel. One pixel of this em-
bodiment includes one photoelectric converter 303, one transfer transistor 304, one
amplification transistor 306, and one reset transistor 307. A source of the transfer
transistor 304 is connected to the photoelectric converter 303, and adrain region of the
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transfer transistor 304 is connected to a gate electrode of the amplification transistor
306. A node which is the same as the gate electrode of this amplification transistor 306
isdefined as anode 305. The reset transistor 307 is connected to the node 305 and sets
the electric potential thereof to an arbitrary electric potential (such as, areset electric
potential). In this structure, the amplification transistor 306 is apart of a source
follower circuit and outputs a signal corresponding to the electric potential of the node
305 to asignal line RL. The node 305 may aso be caled afloating diffusion in some
Cases.

The peripheral circuit portion 302 indicates aregion other than the pixel portion 301.
In the peripheral circuit portion 302, aperipheral circuit including areadout circuit and
acontrol circuit isdisposed. The peripheral circuit has avertical scanning circuit VSR
which isacontrol circuit supplying control signals to the gate electrodes of the
transistors of the pixel portion 301. In addition, the peripheral circuit has areadout
circuit RC which maintains signals outputted from the pixel portion 301 and performs
signal processing, such as amplification, addition, and AD conversion. Furthermore,
the periphera circuit has ahorizontal scanning circuit HSR which is acontrol circuit
controlling the timing for sequentially outputting signals from the readout circuit RC.

In addition, the solid-state image pickup device according to Embodiment 1is
formed by bonding two members to each other. The two members are afirst member
308 having afirst substrate 101 and a second member 309 having a second substrate
121. The photoelectric converters 303 and the transfer transistors 304 of the pixel
portion 301 are arranged on the first substrate, and the amplification transistors 306
and the reset transistors 307 of the pixel portion 301 and at least apart of the periphera
circuit are arranged on the second substrate. For example, a control signal from the pe-
ripheral circuit of the second member 309 to the gate electrode of the transfer transistor
304 of the first member 308 is supplied via abonding portion 310. The structure of the
bonding portion 310 will be described later.

A signal generated in the photoelectric converter 303 of the first member 308 isread
out at the drain region of the transfer transistor 304, that is, at the node 305. The node
305 includes the structure formed in the first member 308 and the structure formed in
the second member 309.

According to the structure as described above, compared to arelated case in which
all the pixel portion is disposed on one member (that is, on one large substrate), the
area of the photoelectric converter 303 can be increased, and hence the sensitivity can
be improved. In addition, compared to the related case in which all the pixel portion is
disposed on one member (that is, on one large substrate), when the area of the photo-
electric converter isnot changed, the number of the photoelectric converters 303 can
be increased, and hence the number of pixels can be increased. In addition, compared
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to therelated case in which all the pixel portion and all the peripheral circuit portion
are disposed on one member (that is, on one large substrate), it becomes easy to
separately form the pixel portion and the peripheral circuit portion.

A specific plan layout of the solid-state image pickup device as described above will
be described using schematic plan views of a solid-state image pickup device shown in
Figs. 2A and 2B. Fig. 2A shows aplan layout of the first member 308, that is, the first
substrate 101, and Fig. 2B shows aplan layout of the second member 309, that is, the
second substrate 121.

In Fig. 2A, in the first member 308, there are disposed apixel portion 301A in which
photoelectric converters are arranged and pad portions 312A in each of which pads 313
are arranged. In the pixel portion 301A, the photoelectric converters 303, the transfer
transistors 304, the bonding portions 310, and bonding portions 311 shown in Fig. 3
are disposed. In addition, bonding portions 314A for connection to the second member
309 are disposed at the same position as those of the pads 313 when viewed aong a
direction perpendicular to the primary face of the substrate 101. An external terminal is
connected to the pad 313. The pads 313 are disposed in the solid-state image pickup
device and include pads, each of which outputs asignal (image signal) based on a
charge generated in the photoelectric converter, and pads to each of which avoltage or
the like supplied from the outside to drive the peripheral circuit is inputted.

Next, in Fig. 2B, apixel portion 30IB, the periphera circuit portion 302, and pad
portions 312B are disposed in the second member 309. A part of apixel circuit is
disposed in the pixel portion 301B, and the amplification transistors 306, the reset
transistors 307, and the bonding portions 310 and 311 shown in Fig. 3 are disposed
therein. A part of the peripheral circuit is disposed in the periphera circuit portion 302,
and the horizontal scanning circuits HSR, the vertical scanning circuits VSR, and the
readout circuits RC are disposed therein. Bonding portions 314B for connection to the
first member and protective diode circuits 315 are disposed in the pad portions 312B.

In addition, the first member 308 and the second member 309 which have the plan
layouts shown in Fig. 2A and Fig. 2B, respectively, are bonded to each other to form
the solid-state image pickup device of this embodiment. In particular, the pixel portion
301A and the pixel portion 301B are disposed so as to overlap with each other. In
addition, the bonding portions 314A and the bonding portions 314B are bonded to each
other, and the bonding portions 310 and the bonding portions 311 of the first member
are bonded to the bonding portions 310 and the bonding portions 311 of the second
member, respectively. In addition, in Figs. 2A and 2B, aregion of the first member 308
corresponding to aperipheral circuit portion 302B of the second member 309 is
indicated by aperipheral circuit portion 302A. A part of the scanning circuit, that is, a
part of the peripheral circuit, may be disposed in the peripheral circuit portion 302A.
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The structure of this bonding portion will be described later in detail.

Next, the solid-state image pickup device shown in Figs. 2A, 2B, and 3 will be
described with reference aschematic cross-sectional view shown in Fig. 1. In Fig. 1,
the same constituent elements asthose in Figs. 2A, 2B, and 3 are designated by the
same reference numerals as those described above, and description will be omitted.

The first member 308 has afirst wiring structure 149 and the first substrate 101. The
first substrate 101 is, for example, asilicon semiconductor substrate and has aprimary
face 102 and aback face 103. The transistors are arranged on the primary face 102 of
the first substrate. The first wiring structure 149 has interlay er insulating films 104 to
106, a gate electrode layer 107 containing gate electrodes and wires, wiring layers 109
and 111 containing wires, and contact layers 108 and 110 containing contacts and/or
vias. In this embodiment, the numbers of the interlay er insulating film, the wiring
layer, and the contact layer included in the first wiring structure 149 may be arbitrarily
determined. In addition, the wiring layer 111 of the first wiring structure 149 contains
the bonding portions.

In the pixel portion 301 of the first member 308, an n-type semiconductor region 112
forming the photoelectric converter, an n-type semiconductor region 114 functioning
asthe drain of the transfer transistor, and an element isolation structure 119 are
disposed in the first substrate 101. The transfer transistor isformed of the n-type semi-
conductor region 112, the n-type semiconductor region 114, and agate electrode 113
contained in the gate electrode layer 107. A charge stored in the n-type semiconductor
region 112 istransferred to the n-type semiconductor region 114 by the gate electrode
113. An electric potential based on the charge transferred to the n-type semiconductor
region 114 istransmitted to the second member 309 via the contact of the contact layer
108, the wire of the wiring layer 109, the via of the contact layer 110, and the wire of
the wiring layer 111. The wire of this wiring layer 111 forms the bonding portion 311.
In addition, the photoelectric converter may be aburied photodiode further having a p-
type semiconductor region or aphotogate and may be appropriately changed.

A planarizing layer 115, acolor filter layer 116 containing aplurality of color filters,
aplanarizing layer 117, and amicrolens layer 118 containing aplurality of microlenses
are disposed in this order in the pixel portion 301 at aback face 103 side of the first
substrate 101. In Fig. 1, although each of the color filters and each of the microlenses
are provided for one photoelectric converter, that is, are provided in each pixel, one
color filter and one microlens may be provided for aplurality of pixels. The solid-state
image pickup device of this embodiment is aso-called back-side illumination-type
solid-state image pickup device in which light isincident from amicrolens layer 118
side and isreceived by aphotoelectric converter.

In the pad portion 312A of the first member 308, the pads 313 and openings 100
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which expose the pads 313 for connection to an external terminal are provided. In
addition, the bonding portions 314A, each of which transmits avoltage inputted from
the pad 313 to the second member 309, are disposed. In addition, in the first member
308, as shown in Fig. 1, an optional circuit element 120 may be provided in aregion
corresponding to the periphera circuit portion 302B of the second member 309.
Hereinafter, the bonding portion indicates aportion at which the conductive material of
the first member and the conductive material of the second member, which collectively
form an electrical connection, are boned to each other and also indicates the conductive
material before bonding.

The second member 309 has a second wiring structure 150 and the second substrate
121. The second substrate 121 is, for example, asilicon semiconductor substrate and
has aprimary face 122 and aback face 123. The transistors are arranged on the
primary face 122 of the second substrate. The second wiring structure 150 has in-
terlay er insulating films 124 to 127, agate electrode layer 128 containing gate
electrodes and wires, wiring layers 130, 132, and 134 containing wires, and contact
layers 129, 131, 133 containing contacts and/or vias. In this embodiment, the numbers
of the interlayer insulating film, the wiring layer, and the contact layer included in the
second wiring structure 150 may be arbitrarily determined. In addition, the wiring layer
134 contains the bonding portions.

In the pixel portion 301 of the second member 309, awell 135 forming the ampli-
fication transistor which forms the pixel circuit, an n-type semiconductor region 138
forming source/drain regions of the amplification transistor, and an element isolation
structure 136 are disposed in the second substrate 121. The amplification transistor is
disposed in the well 135 and isformed of agate electrode 137 contained in the gate
electrode layer 128 and the n-type semiconductor region 138 forming the source/drain
regions. In this embodiment, the bonding portion 311 of the first member 308 and the
gate electrode 137 of the amplification transistor are connected to each other through
the wire of the wiring layer 134, the via of the contact layer 133, the wire of the wiring
layer 132, the via of the wiring layer 131, the wire of the wiring layer 130, and the
contact of the contact layer 129. In this case, the node 305 shown in Fig. 3isformed of
the n-type semiconductor region 114, the wires of the wiring layers 109, 111, 134, 132,
and 130, the contacts and/or vias of the contact layers 108, 110, 133, 131, and 129, and
the gate electrode 137 shown in Fig. 1. Other circuits (such asthe reset transistor) of
the pixel portion 301 are not shown in the figure.

Next, at least apart of the periphera circuit including the control circuits, such asthe
horizontal scanning circuit and the vertical scanning circuit, and the readout circuits is
disposed in the peripheral circuit portion 302B of the second member 309. Fig. 1
shows an n-type transistor and ap-type transistor in an optional circuit included in the



10

WO 2012/004964 PCT/JP2011/003795

[0030]

[0031]

[0032]

periphera circuit. An n-type transistor formed of a gate electrode 140 contained in the
gate electrode layer 128 and n-type source/drain regions 141 isdisposed in ap-type
well 139. In addition, ap-type transistor having a gate electrode 143 contained in the
gate electrode layer 128 and a p-type semiconductor region 144 forming p-type source/
drain regions is disposed in an n-type well 142.

In addition, in the pad portion 312B of the second member 309, there are disposed
the protective diode circuit 315 inputting asignal from the pad 313 of the first member
308 and the bonding portion 314B for bonding to the first member 308. Two diodes
145 and 146 each formed from the semiconductor region and two resistors 147 and 148
formed from the gate electrode layer 128 are contained in the protective diode circuit
315 of this embodiment. However, acommonly -used protective diode circuit can be
applied to the protective diode circuit 315.

In addition, in the solid-state image pickup device according to this embodiment, the
primary face 102 of the first substrate 101 and the primary face 122 of the second
substrate 121 are disposed to face each other with the first and second wiring structures
provided therebetween (facing arrangement). That is, the first substrate, the first wiring
structure, the second wiring structure, and the second substrate are disposed in this
order. In addition, it can also be the that an upper face of the first wiring structure 149
and an upper face of the second wiring structure 150 are bonded to each other at a
bonding plane X. That is, the first member 308 and the second member 309 are bonded
to each other at the bonding plane X . The bonding plane X isformed from the upper
face of the first wiring structure 149 and the upper face of the second wiring structure
150. In addition, the pad 313 of the solid-state image pickup device for exchanging a
signal with the outside is disposed above the primary face 122 of the second member
309, and the opening 100 is provided at afirst member 308 side.

In this embodiment, in the first wiring structure 149, the wiring layer 109 isformed
of wires (aluminum wires) primarily composed of aluminum, and the wiring layer 111
isformed of wires (copper wires) primarily composed of copper. In addition, in the
second wiring structure 150, the contact layer 131 and the wiring layer 132 are formed
of aluminum wires, and the wiring layer 134 isformed of copper wires. In this case,
the bonding portion 311 and the bonding portion 314A contained in the wiring layer
111 formed of copper wires are bonded to the bonding portion 311 and the bonding
portion 314B contained in the wiring layer 134 formed of copper wires, respectively, at
the bonding plane X by metal bonding. In addition, in the pad portion, the pad 313 for
connection to an external termina isdisposed in the same layer as that of the wiring
layer 109, that is, at the same height as that thereof, and is a conductive material
primarily composed of aluminum. Incidentally, the height is aheight from the primary
face 102 of the first substrate 101.
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Next, amethod for manufacturing the solid-state image pickup device of this em-
bodiment will be described with reference to Figs. 4A to 6B. Figs. 4A and 4B are each
a schematic cross-sectional view showing a step of manufacturing the first member
308, Figs. 5A and 5B are each a schematic cross-sectional view showing astep of
manufacturing the second member 309, and Figs. 6A and 6B are each a schematic
cross-sectional view showing amanufacturing step performed after the first member
308 and the second member 309 are bonded to each other.

Steps of manufacturing the first member 308 shown in Fig. 1will be described with
reference to Figs. 4A and 4B. In Figs. 4A and 4B, a structure to be later formed into
the first member 308 shown in Fig. lisrepresented by 308, and portions to be formed
into the pixel portion 301, the peripheral circuit portion 302, the pad portion 312, and
the circuit element 120, which is apart of the peripheral circuit, shown in Fig. 1are
represented by 301", 302, 312", and 120", respectively.

First, a semiconductor substrate is provided, and elements are formed in the semi-
conductor substrate. A semiconductor substrate 401 of athickness D3 having a
primary face 402 and aback face 403 isprovided. The semiconductor substrate 401 is,
for example, asilicon semiconductor substrate. The element isolation structure 119 is
formed in the semiconductor substrate 401. The element isolation structure 119
contains an insulating material, such as asilicon oxide film, and has, for example, a
LOCOS or an STI structure. In addition, awell (not shown) having an arbitrary con-
ductivity type isformed in the semiconductor substrate 401. Subsequently, the n-type
semiconductor regions 112 and 114 and ap-type semiconductor region (not shown),
which form aphotoelectric converter and atransistor, are formed. In addition, the gate
electrode layer 107 containing the gate electrode 113 of the transfer transistor is
formed. The gate electrode layer isformed, for example, by deposition and patterning
of apolysilicon layer and may contain awire aswell asthe gate electrode. Methods for
forming the gate electrode, element isolation, and semiconductor region may be
performed in accordance with a general semiconductor process, and detailed de-
scription will be omitted. The structure shown in Fig. 4A is obtained by the steps
described above.

Next, the wiring structure isformed on the primary face 402 of the semiconductor
substrate 401. The wiring structure has an interlayer insulating film 104", the interlayer
insulating films 105 and 106, the contact layers 108 and 110, and the wiring layers 109
and 111. In this embodiment, the interlayer insulating film 104" is later formed into the
interlayer insulating film 104 shown in Fig. 1. The interlayer insulating film 104
covers the gate electrode layer 107, the contact layer 108 isdisposed in the interlayer
insulating film 104, and the wiring layer 109 isdisposed on the interlayer insulating
film 104'. In addition, the interlayer insulating film 105 covers the wiring layer 109,
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the contact layer 110 isdisposed in the interlay er insulating film 105, the wiring layer
111isdisposed on the interlay er insulating film 105, and the interlay er insulating film
106 is disposed on the interlay er insulating film 105 and has openings to expose the
wires of the wiring layer 111. The upper face of the wiring structure isformed of the
upper face of the interlay er insulating film 106 and the upper face of the wiring layer
111.

In this embodiment, the interlayer insulating films 104, 105, and 106 are each a
silicon oxide film. However, the interlayer insulating films 104, 105, and 106 may also
be formed, for example, of a silicon nitride film or an organic resin. The contact 108
and the via 110 are formed, for example, from tungsten. The wiring layer 109 is
formed of wires primarily composed of aluminum, and the wiring layer 111isformed
of wires primarily composed of copper. The wiring layer 111 contains the bonding
portion 314A and abonding portion 311A, and the wiring layer 109 contains the pad
313. The wires of the wiring layer primarily composed of copper can be formed by a
single damascene method in which after agroove isformed in the interlayer insulating
film, abarrier metal and/or copper isfilled in the groove. The wires of the wiring layer
primarily composed of aluminum can be formed by patterning abarrier metal and/or
an aluminum film formed on the interlayer insulating film using a photolithographic
and an etching technique. Methods for manufacturing these wiring layer, contact layer,
and interlayer insulating film can be performed in accordance with ageneral semi-
conductor process, and detailed description will be omitted. The structure shown Fig.
4B is obtained by the steps described above. In Fig. 4B, the portions represented by
reference numerals 104', 105, 106, 108, 109, 110, and 111 are later used to form the
first wiring structure 149 shown in Fig. 1. In addition, the bonding portion 311A later
forms the bonding portion 311.

In this Fig. 4B, the upper face of the first wiring structure 149 which later forms the
bonding plane X shown in Fig. 1isformed of the upper face of the interlayer in-
sulating film 106 and the upper face of each wire of the wiring layer 111. The structure
of this upper face forming this bonding plane X will be described later in detail.

Next, steps of manufacturing the second member 309 shown in Fig. 1will be
described with reference to Figs. 5A and 5B. In Figs. 5A and 5B, a structure to be later
formed into the second member 309 shown in Fig. lisrepresented by reference
numeral 309', and portions to be formed into the pixel portion 301, the periphera
circuit portion 302, the pad portion 312, and the protective diode circuit 315 shown in
Fig. 1arerepresented by reference numerals 301, 302, 312, and 315', respectively.

First, a semiconductor substrate isprovided, and elements are formed in the semi-
conductor substrate. A semiconductor substrate 404 of athickness D4 having a
primary face 405 and aback face 406 isprovided. Next, the element isolation structure
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136 isformed in the semiconductor substrate 404 using aLOCOS or an STI structure.
In addition, the p-type wells 135 and 139 and the n-type well 142 are formed in the
semiconductor substrate 404. Subsequently, the n-type semiconductor regions 138 and
141 and the p-type semiconductor region 144, each of which isto be formed into the
source/drain regions of the transistor, and a semiconductor region forming adiode are
formed. In addition, the gate electrode layer 128 containing the gate electrodes 137,
140, and 143 of the transistors and wires (resistors) isformed by deposition and
patterning of apolysilicon layer. In this case, methods for forming the gate electrode,
element isolation, and semiconductor region can be performed in accordance with a
general semiconductor process, and detailed description will be omitted. The structure
shown in Fig. 5A is obtained by the steps described above.

Next, the wiring structure isformed on the primary face 405 of the semiconductor
substrate 404. The wiring structure has the interlayer insulating films 124 to 127, the
contact layers 129, 131, and 133, and the wiring layers 130, 132, and 134. The in-
terlayer insulating film 124 covers the gate electrode layer 128, the contact layer 129 is
disposed in the interlayer insulating film 124, and the wiring layer 130 is disposed on
the interlayer insulating film 124. In addition, the interlayer insulating film 125 covers
the wiring layer 130, the contact layer 131 is disposed in the interlayer insulating film
125, the wiring layer 132 is disposed on the interlayer insulating film 125, and the in-
terlayer insulating film 126 is disposed on the interlayer insulating film 125 to cover
the wiring layer 132. In addition, the contact layer 133 isdisposed in the interlayer in-
sulating film 126, the wiring layer 134 isdisposed on the interlayer insulating film 126,
and the interlayer insulating film 127 isdisposed on the interlayer insulating film 126
and also has openings to expose the wiring layer 134. The upper face of the wiring
structure is formed of the upper face of the interlayer insulating film 127 and the upper
face of the wiring layer 134.

In this case, the interlayer insulating films 124 to 127 are each asilicon oxide film.
The interlayer insulating films 124 to 127 may also be formed, for example, of a
silicon nitride film or an organic resin. The contact 129 and the vias 131 and 133 are
formed, for example, of tungsten. The wiring layers 130 and 132 are each formed of
wires primarily composed of aluminum, and the wiring layer 134 isformed of wires
primarily composed of copper. The wiring layer 134 contains the bonding portion
314B and abonding portion 31IB. The wires of the wiring layer primarily composed
of copper can be formed by asingle damascene method in which after agroove is
formed in the interlayer insulating film, abarrier metal and/or copper isfilled in the
groove. The wires of the wiring layer primarily composed of aluminum can be formed
by patterning abarrier metal and/or an aluminum film formed on the interlayer in-
sulating film using a photolithographic and an etching technique. Methods for manu-
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facturing these wiring layer, contact layer, and interlayer insulating film can be
performed in accordance with ageneral semiconductor process, and detailed de-
scription will be omitted. Accordingly, the structure shown in Fig. 5B is obtained by
the steps described above. In Fig. 5B, the portions represented, for example, by
reference numerals 124 to 127 and 129 to 134 are later used to form the second wiring
structure 150 shown in Fig. 1. In addition, the bonding portion 311B later forms the
bonding portion 311.

In this Fig. 5B, the upper face of the second wiring structure which later forms the
bonding plane X shown in Fig. lisformed of the upper face of the interlayer in-
sulating film 127 and the upper face of each wire of the wiring layer 134. The wiring
layer 134 isaso aconductive materia to be used as the bonding portion. That is, the
upper face of the second wiring structure contains the upper face of the conductive
material. The structure of the upper face of this second wiring structure will be
described later in detail.

The first member 308" and the second member 309" as shown in Figs. 4B and 5B, re-
spectively, are bonded together so that the primary face 402 and the primary face 405
of the respective semiconductor substrates face each other. That is, the uppermost face
of the wiring structure of the first member 308" and the uppermost face of the wiring
structure of the second member 309" are boned to each other. In this embodiment, since
the bonding portions 311A and 31IB and the bonding portions 314A and 314B are
formed of wires primarily composed of copper, when bonding is performed
therebetween, metal bonding of copper may be performed. By this bonding, besides
the metal bonding of copper, the bonding is also performed between the insulating
films. Accordingly, the two wiring structures are formed into one wiring structure
containing the bonding portions.

After the first member 308" and the second member 309" are bonded together, the
thickness of the semiconductor substrate 401 of the first member 308" isreduced at a
back face 403 side. The reduction of the thickness may be performed by CMP or
etching. Accordingly, the semiconductor substrate 401 isformed into a semiconductor
substrate 407, and the thickness is changed from D3 to DI (D1<D3) (Fig. 6A). As
described above, since the thickness of the semiconductor substrate 401 isreduced to
form the semiconductor substrate 407, subsequently, incident light is able to efficiently
enter the photoelectric converter. In addition, at this stage, the thickness DI of the
semiconductor substrate 407 is smaller than the thickness D4 of the semiconductor
substrate 404.

Next, aplanarizing layer 409 formed of aresin, acolor filter layer 410, aplanarizing
layer 411 formed of aresin, and amicrolens layer 412 are formed in this order on a
back face 408 of the semiconductor substrate 407. Methods for manufacturing these
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planarizing layer, color filter layer, and microlens layer can be performed in ac-
cordance with ageneral semiconductor process, and detailed description will be
omitted. In this case, the microlens layer may be formed to the region 312' which isto
be formed into the pad portion. The structure shown in Fig. 6B is obtained by the steps
described above.

In addition, the opening 100 isformed to expose the pad 313. In this step, a pho-
toresist mask having an arbitrary opening isformed on the microlens layer 412 using a
photolithographic technique. In addition, using adry etching technique, the microlens
layer 412, the planarizing layer 411, the color filter layer 410, the planarizing layer
409, the semiconductor substrate 407, and the interlayer insulating film 104" are
partially removed, thereby forming the opening 100 to expose the pad 313.

Accordingly, the microlens layer 118, the planarizing layers 117 and 115, the color
filter layer 116, the first substrate 101, and the interlayer insulating film 104 are
formed. Asaresult, the structure shown in Fig. lisobtained. The semiconductor
substrate 404, the primary face 405, the back face 406, and the thickness D4 shown in
Fig. 6B correspond to the second substrate 121, the primary face 122, the back face
123, and the thickness D2 shown in Fig. 1, respectively. Although the thickness D4 is
not changed from the thickness D2 in this case, the thickness of the semiconductor
substrate 404 may be reduced so that the thickness D2 is smaller than the thickness D4.
Although the number of steps isincreased by the reduction in thickness, the solid-state
image pickup device can be miniaturized.

Hereinafter, aprocess for forming the bonding plane X will be described with
reference to Figs. 7A to 7E, focusing on the bonding portion 311A (first bonding
portion) shown in Fig. 4B and the bonding portion 311B (second bonding portion)
shown in Fig. 5B. Figs. 7A to 7E are each across-sectional view focusing on the
bonding portion. The description of the structure other than the bonding portion will be
omitted.

First, aprocess for forming the bonding portion 311B shown in Fig. 5B will be
described from the beginning. Fig. 7A shows one bonding portion 311B. First, after a
film to be formed into the interlayer insulating film 127 isformed, agroove to be used
for the wire isformed in the interlayer insulating film 127. Next, afilm of a conductive
material 701 and afilm of abarrier metal 702, each of which forms the bonding
portion, are formed in the groove in the interlayer insulating film 127. Excessive films
of the conductive material 701 and the barrier metal 702 are removed by CMP or the
like, thereby forming the structure shown in Fig. 7A. In this case, the conductive
material contains copper as aprimary component, and the barrier metal contains
tantalum and/or titanium. A method for forming this conductive material 701 and the
barrier metal 702 is a single damascene method, and more detailed description will be
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removed to form the bonding portion 311 B shown in Fig. 7B. This step of partially
removing the conductive material 701 may be simultaneously performed with the step
of removing the excessive films of the conductive material 701 and the barrier metal
702 in the single damascene method described above. The bonding portion 311B
shown in Fig. 7B contains a conductive material 707 and abarrier metal 708. In Fig.
7B, the second wiring structure of the second member 309" has a concave portion 704
in the upper face. The upper face of the second wiring structure of the second member
309" isformed of an upper face 703 of the interlayer insulating film 127 (second in-
sulating film) and an upper face 706 of the bonding portion 311B. A bottom face of the
concave portion 704 is the upper face 706 of bonding portion 311B, and the interlayer
insulating film 127 is exposed at a side face 705 of the concave portion 704. A step dl
is formed between the upper face 703 of the interlayer insulating film 127 and the
upper face 706 of the bonding portion 31IB. This structure shown in Fig. 7B isthe
structure shown in Fig. 5B. Although description is performed with reference to Fig.
7B focusing on one of the bonding portions 31IB, it is assumed that every bonding
portion disposed in the upper face of the second wiring structure is processed in a
manner similar to that described above and has asimilar structure to that described
above. In addition, the barrier metal 702 may aso be partially removed when the
conductive material 701 is partially removed.

Next, as shown in Fig. 7C, in amixed gas atmosphere of oxygen and nitrogen,
plasma irradiation 709 is performed on the upper face of the second member 309', that
is, on the upper face of the second wiring structure, so that the face thereof is activated.
By performing this plasma irradiation, compared to the case in which plasma ir-
radiation is not performed, bonding between the interlayer insulating films, such as a
silicon oxide film and/or a silicon nitride film, can be more strengthened. In addition,
instead of using plasma irradiation, an activation method by achemical treatment may
also be used.

Hereinafter, in Figs. 7D and 7E, the bonding steps shown in Figs. 6A and 6B will be
described in detail. First, the second member 309" processed by the treatment shown in
Fig. 7C and the first member 308' processed in amanner similar to that performed on
the second member 309" as shown in Figs. 7A to 7C are provided and are bonded
together as shown in Fig. 7D. The upper face of the first wiring structure of the first
member 308 has the upper face of the interlayer insulating film 106 (first insulating
film) and an upper face 711 of the bonding portion 311A and has a concave portion. A
bottom face of the concave portion is the upper face 7 11 of the bonding portion 311A,
and the interlayer insulating film 106 is exposed at a side face 710 of the concave
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portion. In addition, the upper face of the interlay er insulating film 106 and the upper
face 711 of the bonding portion 311A form astep d2. The first member 308" and the
second member 309" as described above are bonded together to form the bonding plane
X. A heat treatment is performed when the bonding is performed. Accordingly, the
bonding portions 311A and 311B are bonded together, the interlay er insulating films
106 and 127 are bonded together, and as aresult, the bonding portion 311 as shown in
Fig. 6A isformed (Fig. 7E). In addition, from the step shown in Fig. 7A to the step
shown in Fig. 7E, the process is preferably performed in avacuum or an inert gas at-
mosphere. The reason for this isto prevent the upper faces of the bonding portion
311A and 31IB from being oxidized.

Since the bonding portion 311A and the bonding portion 31IB are each formed to
have a concave portion, aflat bonding plane X with no gaps can be formed in the
bonding step shown in Fig. 7D. The reason for this is that, in general, aconductive
material, such as copper, forming abonding portion has ahigh coefficient of thermal
expansion as compared to that of an insulating material, such as a silicon oxide or a
silicon nitride film, forming an interlayer insulating film. Asfor the coefficient of
thermal expansion (xIO*¢/K), for example, copper has 16.8, asilicon oxide film has 0.6
to 0.9, and a silicon nitride film has 2.8 to 3.2. Accordingly, when the bonding portion
311A and the bonding portion 311B are each formed to have a concave portion as
described in this embodiment, aflat bonding plane X can be formed.

The present invention is not limited to the steps described in the manufacturing
method according to this embodiment, and the order of the steps may also be changed.
In addition, the order of manufacturing the first member 308 and the second member
309 may be appropriately determined. Furthermore, an SOI substrate may also be
applied to each of the semiconductor substrates 401 and 404.

In addition, it is also possible that the first member 308 and the second member 309
are separately provided as the substrates for the solid-state image pickup device and
are then bonded together. For example, there may be mentioned afirst member having
afirst substrate and afirst wiring structure which has awiring layer containing wires
primarily composed of copper and awiring layer containing wires primarily composed
of aluminum. In this case, the upper face of at least one of the members may have the
structure as shown in Fig. 7B. By providing the first member or the second member as
described above, the solid-state image pickup device of this embodiment can be manu-
factured.

Next, Embodiment 2 of the present invention will be described with reference to
Figs. 8A to 8E. Figs. 8A to 8E are cross-sectiona views corresponding to Figs. 7A to
TE, respectively, focusing on the bonding portion. In Figs. 8A to 8E, constituent
elements similar to those shown in Figs. 7A to 7E are designated by the same reference
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numerals as those described above, and description will be omitted. The point of this
embodiment different from that shown in Figs. 7A to 7E isthat as shown in Fig. 8D,
the upper face of the first wiring structure of the first member 308" has not a concave
portion and isflat.

Figs. 8A to 8C are the same views asthose of Figs. 7A to 7C, respectively, and the
same treatments as those shown Figs. 7A to 7C are performed on the second member
309'. In Embodiment 1, although the first member 308’ is also processed in a manner
similar to that performed on the second member 309, the first member 308" is not
processed in this embodiment. That is, the upper face of the first wiring structure of the
first member 308" isformed of the upper face of the bonding portion 311A (wiring
layer 111) and the upper face of the interlayer insulating film 106, so that the upper
face isflat and has no concave portion. The first member 308" and the second member
309’ as described above are bonded to each other, so that the bonding plane X is
formed. The other steps are the same as those described with reference to Figs. 7A to
7E of Embodiment 1. In this embodiment, the bonding portion 311A has a conductive
material 801 and abarrier metal 802.

When the upper face of at least one of the members has a concave portion, the
bottom face of which isthe bonding portion, the generation of gaps at the bonding
plane can be suppressed which is caused by the difference in thermal expansion
between the materias at the bonding.

Next, Embodiment 3 of the present invention will be described with reference to
Figs. 9A to 9E. Figs. 9A to 9E are schematic cross-sectional views, focusing on the
bonding portion, corresponding to those shown in Figs. 7A to 7E, respectively. In Figs.
9A to 9E, constituent elements similar to those shown in Figs. 7A to 7E are designated
by the same reference numerals as those described above, and description will be
omitted.

In Figs. 9A to 9C, the second member 309' is processed so that the bonding portion
of the upper face of the second wiring structure has aconvex shape. That is, in Fig. 9A,
the second member 309" has an interlayer insulating film 901, a conductive material
902, and abarrier metal 903, the latter two of which are to be formed into the bonding
portion 311B, similar to those shown in Fig. 7A.

Next, the interlayer insulating film 901 is partially removed by wet etching, dry
etching, or aCMP treatment. As shown in Fig. 9B, the interlayer insulating film 127 is
formed, and the conductive material 902 functioning as the bonding portion forms a
convex portion. That is, the upper face of the second wiring structure contains an upper
face 904 of the interlayer insulating film 127 and an upper face 905 of the bonding
portion 311B and has aconvex portion 906. The upper face of the convex portion 906
is the upper face 905 of the bonding portion 311B, and the bonding portion 31IB is
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exposed at a side face of the convex portion. In addition, the upper face 904 of the in-
terlay er insulating film 127 and the upper face 905 of the bonding portion 311B form a
step d3. Furthermore, asin the case shown in Fig. 7C, plasma irradiation 907 is
performed on the upper face of the second wiring structure (Fig. 9C). Next, although
not shown in the figure, treatments similar to those shown Figs. 7A to 7C are
performed on the first member 308'. That is, the upper face of the first member 308'
has a concave portion. The first member 308" and the second member 309" as described
above are bonded at the bonding plane X, thereby forming the bonding portion 311
shown in Fig. 9E.

Asdescribed above, since the upper face of at least one of the members has a
concave portion, the bottom face of which isthe bonding portion, even if the convex
portion isprovided on the upper face of the other member, the generation of gaps at the
bonding plane can be suppressed which is caused by the difference in thermal
expansion between the materials at the bonding.

Next, the structure of the bonding portion of each of the above embodiments, that is,
the structure of the upper face of the first or the second wiring structure, will be
described with reference to Figs. 10A to 10H. Figs. 10A to 10D are each a schematic
cross-sectional view of the concave portion of the upper face of the second wiring
structure, and Figs. 10E to 10H are each a schematic plan view thereof. The schematic
plan view shows alayout of elements on the upper face of the second wiring structure,
and the schematic cross-sectional view shows the cross-section of that shown in the
schematic plan view taken aong the line of each figure. In Figs. 10A to 10H, con-
stituent elements described in Embodiments 1to 3 are designated by the same
reference numerals as those described above, and description will be omitted.

Fig. 10A shows the same structure asthat shown in Fig. 7B, and Fig. 10Eisa
schematic plan view corresponding to that shown in Fig. 10A. As shown in the
schematic plan view of Fig. 10E, it isfound that the area of the concave portion 704 is
almost the same as that of the bonding portion 31IB. This structure is applicable to the
concave portion of the present invention.

Next, Modification 1will be described with reference to Figs. 10B and 10F. Figs.
10B and 10F are a schematic cross-sectional view and a schematic plan view, re-
spectively, corresponding to each other and show the structure in which the area of the
concave portion is small as compared to that shown in Figs. 10A and 10E. In Fig. 10B,
aconductive material 1006 and abarrier metal 1007 form the bonding portion 31IB. In
addition, the upper face of the second wiring structure has an upper face 1001 of the
interlay er insulating film, aconcave portion 1002, and an upper face 1003 of apart of
the bonding portion 31IB. In the concave portion 1002, the bottom face is apart of an
upper face 1005 of the bonding portion 31IB, and the bonding portion 311B is
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exposed at a side face 1004. In addition, the upper face 1001 of the interlay er in-
sulating film 127 and the upper face 1005 of the bonding portion 31IB at the concave
portion form astep dl. Asshown in Fig. 10F, the concave portion 1002 has an area
smaller than that of the bonding portion 311B. The structure as described above is aso
applicable to the concave portion of the present invention.

Next, Modification 2 will be described with reference to Figs. 10C and 10G. Figs.
IOC and 10G are a schematic cross-sectional view and a schematic plan view, re-
spectively, corresponding to each other and show a smooth concave shape as compared
to that shown in Figs. 10A and 10E. In Fig. IOC, aconductive material 1012 and a
barrier metal 1013 form the bonding portion 31IB. In addition, the upper face of the
second wiring structure has an upper face 1008 of the interlay er insulating film and a
concave portion 1009. The concave portion 1009 is different from the concave portion
704 shown in Fig. 10A, and the step has not a side face and has a concave shape with a
curvature. A bottom face of the concave portion 1009 contains an upper face 1010 of a
part of the interlay er insulating film 127 and an upper face 1011 of the bonding portion
31IB. In addition, the concave portion 1009 has a step up to dI between the upper face
1008 of the interlay er insulating film 127 and the upper face 1011 of the bonding
portion 311B. In Fig. 10G, the concave portion 1009 has an area larger than that of the
bonding portion 31IB. A concave portion having the structure as described above can
be obtained, in particular, by performing a CMP treatment. The structure as described
above is also applicable to the concave portion of the present invention.

Next, Modification 3 will be described with reference to Figs. 10D and 10H. Figs.
10D and 10H are a schematic cross-sectional view and a schematic plan view, re-
spectively, corresponding to each other, and asmall concave portion as compared to
that shown in Figs. I0C and 10G isformed. In Fig. 10D, aconductive material 1018
and abarrier metal 1019 form the bonding portion 311B. In addition, the upper face of
the second wiring structure has an upper face 1014 of the interlay er insulating film, a
concave portion 1015, and an upper face 1016 of apart of the bonding portion 31IB. A
bottom face of the concave portion 1015 contains an upper face 1017 of the bonding
portion 311B. In addition, the concave portion 1015 has a step up to dl between the
upper face 1014 of the interlay er insulating film 127 and the upper face 1017 of the
bonding portion 31IB. In Fig. 10H, the concave portion 1015 has an area smaller than
that of the bonding portion 31IB. A concave portion having the structure as described
above can be obtained, in particular, by performing a CMP treatment. The structure as
described above is also applicable to the concave portion of the present invention.

Asdescribed above, as the structure of the concave portion of the upper face, a
concave portion having astep as shown in Fig. 10A, aconcave portion having a
curvature as shown in Fig. 10C, and other arbitrary structures may be used. In addition,
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a step having an arbitrary size may be selected for each member. When the bonding
portion 311B isviewed from the above in adirection perpendicular thereto, that is, in a
plane layout, aplurality of concave portions each having an arbitrary shape may also
be formed. Of coursg, it ispossible to apply the structure of the concave portion of the
upper face shown in each of Figs. 10A to 10H to the first wiring structure.

Hereinafter, as one application example of the solid-state image pickup device of
each of the above embodiments, an image pickup system incorporating a solid-state
image pickup device will be described by way of example. In the image pickup system,
besides devices, such as acamera, primarily used to pickup images, devices (such as a
personal computer and apersonal digital assistant) auxiliary having an image pickup
function are aso included. For example, acamera includes the solid-state image
pickup device of the present invention and aprocessing portion which processes a
signal outputted from the solid-state image pickup device. This processing portion may
include, for example, an A-D converter and aprocessor processing adigital data
outputted therefrom.

As has thus been described, according to the method for manufacturing a solid-state
image pickup device of the present invention, amember for a solid-state image pickup
device having abonding structure which enables abonding plane to be flat after
bonding and a method for manufacturing the same can be provided.

In addition, the present invention is not limited to the structures described in the
specification and may also be applied, for example, to the case in which the pixel
circuit is changed, only the photoelectric converters are arranged on the first member,
and/or al the pixel circuits are arranged thereon. Furthermore, the present invention
may be appropriately applied, for example, to the structure in which the conductive
and/or circuit type is changed to areversed type, the structure in which awiring layer
and an interlayer insulating film are further provided, and the case in which asingle
damascene structure is changed to adual damascene structure. In addition, the
structures of the above embodiments may also be used in combination. In the present
invention, the concave portion may be provided for at least one of members, and the
shape of the upper face of the other member is not particularly limited.

While the present invention has been described with reference to exemplary em-
bodiments, it isto be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so asto encompass al such modifications and equivalent
structures and functions.

This application claims the benefit of Japanese Patent Application No. 2010-156927,
filed July 9, 2010, which ishereby incorporated by reference herein in its entirety.
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Reference Signs List
301 pixel portion
302 peripheral circuit portion
308 first member
309 second member
149 first wiring structure
150 second wiring structure
311bonding portion
312 pad portion
313 pad
101 first substrate
121 second substrate
100 opening
X bonding plane
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]
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Claims

A method for manufacturing a solid-state image pickup device,
comprising the steps of:

providing afirst substrate provided with a photoelectric converter on its
primary face and afirst wiring structure disposed on the primary face
of the first substrate;

providing a second substrate provided with, on its primary face, apart
of aperipheral circuit including acontrol circuit and areadout circuit
reading out a signal based on acharge of the photoelectric converter
and a second wiring structure disposed on the primary face of the
second substrate; and

performing bonding so that the first substrate, the first wiring structure,
the second wiring structure, and the second substrate are disposed in
this order,

wherein at |east one of an upper face of the first wiring structure and an
upper face of the second wiring structure has a concave portion, and a
conductive material forms abottom face of the concave portion.

The method for manufacturing a solid-state image pickup device
according to Claim 1,

wherein the step of providing afirst substrate and afirst wiring
structure comprises the substeps of:

forming afirst insulating film which forms the upper face of the first
wiring structure;

forming afirst bonding portion containing a conductive material which
forms the upper face of the first wiring structure; and

forming the concave portion in the upper face of the first wiring
structure.

The method for manufacturing a solid-state image pickup device
according to Claim 2,

wherein the substep of forming the concave portion in the upper face of
the first wiring structure includes removing apart of the conductive
material of the first bonding portion.

The method for manufacturing a solid-state image pickup device
according to Claim 3,

wherein the substep of forming the concave portion in the upper face of
the first wiring structure includes removing apart of the first insulating
film in contact with the first bonding portion.
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[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]
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The method for manufacturing a solid-state image pickup device
according to one of Claims 1to 4,

wherein the step of providing a second substrate and a second wiring
structure comprises the substeps of:

forming a second insulating film which forms the upper face of the
second wiring structure;

forming a second bonding portion containing a conductive material
which forms the upper face of the second wiring structure; and

forming the concave portion in the upper face of the second wiring
structure.

The method for manufacturing a solid-state image pickup device
according to Claim 5,

wherein the substep of forming the concave portion in the upper face of
the second wiring structure includes removing apart of the conductive
material of the second bonding portion.

The method for manufacturing a solid-state image pickup device
according to Claim 6,

wherein the substep of forming the concave portion in the upper face of
the second wiring structure includes removing apart of the second in-
sulating film in contact with the second bonding portion.

The method for manufacturing a solid-state image pickup device
according to one of Claims 2 to 4,

wherein the first bonding portion comprises copper as aprimary
component.

The method for manufacturing a solid-state image pickup device
according to one of Clams 5to 7,

wherein the second bonding portion comprises copper as aprimary
component.

The method for manufacturing a solid-state image pickup device
according to one of Claims 1to 9,

wherein before the step of performing bonding is performed, the upper
face of the first wiring structure and the upper face of the second wiring
structure are irradiated with plasma.

The method for manufacturing a solid-state image pickup device
according to one of Claims 1to 10,

wherein the step of performing bonding is performed in avacuum or an
inert gas atmosphere.

The method for manufacturing a solid-state image pickup device
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[Claim 13]

[Claim 14]

[Claim 15]
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according to one of Claims 1to 11, further comprising the step of:
forming an amplification transistor outputting a signal based on a
charge of the photoelectric converter and areset transistor resetting the
charge of the photoelectric converter on the second substrate.

A member for a solid-state image pickup device, comprising:
asubstrate provided with, on its primary face, aphotoelectric converter
and atransfer transistor transferring a charge thereof; and

awiring structure which isdisposed on the primary face of the
substrate and which has an insulating film and abonding portion,
wherein an upper face of the wiring structure contains an upper face of
the insulating film and an upper face of the bonding portion, and

the upper face of the wiring structure has a concave shape formed with
the bonding portion.

A member for a solid-state image pickup device, comprising:
asubstrate provided with, on its primary face, apart of a peripheral
circuit including acontrol circuit and areadout circuit reading out a
signal based on acharge of aphotoelectric converter; and

awiring structure which isdisposed on the primary face of the
substrate and which has an insulating film and abonding portion,
wherein an upper face of the wiring structure contains an upper face of
the insulating film and an upper face of the bonding portion, and

the upper face of the wiring structure has a concave shape with the
bonding portion.

A method for manufacturing a solid-state image pickup device which
includes afirst substrate provided with, on its primary face, a photo-
electric converter and atransfer transistor transferring a charge of the
photoelectric converter,

afirst wiring structure disposed on the primary face of the first
substrate and having afirst insulating film and afirst bonding portion,
asecond substrate provided with, on its primary face, apart of a pe-
ripheral circuit portion including acontrol circuit and areadout circuit
reading out a signal based on a charge of the photoelectric converter,
and

a second wiring structure disposed on the primary face of the second
substrate and having a second insulating film and a second bonding
portion,

in which the first substrate, the first wiring structure, the second wiring
structure, and the second substrate are disposed in this order, the
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method comprising:

afirst step of forming the first insulating film and the first bonding
portion on the first substrate; and

asecond step of forming the second insulating film and the second
bonding portion on the second substrate,

wherein in at least one of the first step and the second step,

on the basis of the primary face of the first substrate, an upper face of
the first bonding portion islower than an upper face of the first in-
sulating film;

on the basis of the primary face of the second substrate, an upper face
of the second bonding portion is lower than an upper face of the second
insulating film; or

the upper face of the first bonding portion islower than the upper face
of the first insulating film on the basis of the primary face of the first
substrate, and the upper face of the second bonding portion is lower
than the upper face of the second insulating film on the basis of the
primary face of the second substrate.
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