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(57) ABSTRACT

A back-illuminated type solid-state image pickup device
(1041) includes read circuits (Trl, Tr2) formed on one
surface of a semiconductor substrate (1042) to read a signal
from a photo-electric conversion element (PD) formed on
the semiconductor substrate (1042), in which electric
charges (e) generated in a photo-electric conversion region
(1052¢1) formed under at least one portion of the read
circuits (Trl, Tr2) are collected to an electric charge accu-
mulation region (1052a) formed on one surface side of the
semiconductor substrate (1042) of the photo-electric con-
version element (PD) by electric field formed within the
photo-electric conversion element (PD). Thus, the solid-

(21) Appl. No.: 11/368,756 state image pickup device and the camera are able to make
the size of pixel become very small without lowering a
(22) Filed: Mar. 6, 2006 saturation electric charge amount (Qs) and sensitivity.
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SOLID-STATE IMAGE PICKUP DEVICE,
ELECTRONIC APPARATUS USING SUCH
SOLID-STATE IMAGE PICKUP DEVICE AND
METHOD OF MANUFACTURING SOLID-STATE
IMAGE PICKUP DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention contains subject matter
related to Japanese Patent Applications JP 2005-062714
filed in the Japanese Patent Office on Mar. 7, 2005, JP
2005-163267 filed in the Japanese Patent Office on Jun. 2,
2005 and JP 2006-012106 filed in the Japanese Patent Office
on Jan. 20, 2006, the entire contents of which being incor-
porated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention generally relates to a solid-
state image pickup device and more particularly to a back-
illuminated type CMOS (complementary metal-oxide semi-
conductor) solid-state image pickup device in which
incident light is introduced from the back side of a substrate,
an electronic apparatus using such solid-state image pickup
device and a method of manufacturing such solid-state
image pickup device.

[0004] 2. Description of the Related Art

[0005] A CMOS solid-state image pickup device is known
as a solid-state image pickup device so far. This CMOS
solid-state image pickup device includes a photodiode and a
plurality of transistors, that is, MOS (metal-oxide semicon-
ductor) transistors to form one pixel, a plurality of pixels
being arrayed with a predetermined pattern. This photodiode
is a photo-electric conversion element for generating and
accumulating signal electric charges in response to a quan-
tity of light received thereat. The MOS transistors are
elements constructing a read circuit to read signal electric
charges from the photodiode.

[0006] FIG. 1 of the accompanying drawings is a diagram
showing an example of a related-art surface-illuminated type
CMOS solid-state image pickup device which is applied to
an image sensor. FIG. 1 shows a main portion of a pixel. As
shown in FIG. 1, a CMOS solid-state image pickup device
1001 includes a first conductivity type, for example, n type
silicon substrate 1002 on which a second conductivity type,
for example, p type semiconductor well region 1003 is
formed, a p type pixel separation region 1004 formed on the
surface side of the substrate 1002 to divide each pixel and a
unit pixel 1005 composed of a photodiode PD and a plurality
of MOS ftransistors, for example, an electric charge read
transistor Trl, a reset transistor, an amplifier transistor and
a vertical selection transistor (all of which are generally
denoted by reference numeral Tr2). Many pixels 1005 are
arrayed in a two-dimensional fashion.

[0007] As shown in FIG. 1, the photodiode PD is formed
of a first conductivity type, for example, n type semicon-
ductor region 1006 formed by implanting ions on the surface
of the n type semiconductor substrate 1002 by a predeter-
mined depth and a heavily-doped p type semiconductor
region formed on the surface of the n type semiconductor
region 1006, that is, a p type accumulation layer 1007 to
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suppress a dark current. The n type semiconductor region
1006 of the photodiode PD is comprised of a heavily-doped
n type charge accumulation region (n* charge accumulation
region) 10064 on the surface adjoining to the p* accumula-
tion layer 1007 and an n type semiconductor region 10065
having an impurity concentration lower than that of the n
type charge accumulation region 1006a.

[0008] The above-described respective MOS transistors
Trl and Tr2 are constructed as follows. That is, a p type
semiconductor well region 1009 is formed on the surface of
the n type semiconductor substrate 1002 so as to become
adjacent to the photodiode PD and heavily-doped n type
semiconductor regions, that is, source/drain regions 1010
and 1014 are formed within this p type semiconductor well
region 1009 by implanting ions.

[0009] The charge read transistor Trl is formed of an n*
source/drain region 1010, the n* charge accumulation region
1006a of the photodiode PD and a gate electrode 1012
formed on the substrate surface between the two regions
1010 and 10064 through a gate insulating film 1011. This n*
source/drain region 1010 becomes a so-called floating dif-
fusion region (FD) and a channel region 1008 is formed right
under the gate electrode 1012.

[0010] The transistor Tr2 such as a reset transistor, an
amplifier transistor and a vertical selection transistor is
similarly formed of a pair of n* source/drain regions 1014
and a gate electrode 1015 formed on the p type semicon-
ductor well region 1009 between the n* source/drain regions
1014 and 1014 through a gate insulating film, although not
shown partly.

[0011] Also, a pixel separation region 1019 formed of a p
type semiconductor region is formed just under the p type
semiconductor well region 1009 corresponding to the read
circuit region 1019 on which the two transistors Trl and Tr2
of the semiconductor substrate 1002 are formed.

[0012] A circuit wiring 1016 of the above-mentioned
respective MOS transistors Trl and Tr2 is formed of a
multilayer wiring through an interlayer insulator 1017. A
wiring 1017 is formed only within a read circuit region 1018
and this wiring 1017 is not formed on the photodiode PD
because it blocks light introduced from the substrate surface
side. Although not shown, a color filter and an on-chip
microlens are formed on this multilayer wiring layer through
a planarization film.

[0013] In this CMOS solid-state image pickup device
1001, light L is introduced from the surface side of the
semiconductor substrate 1002 into the photodiode PD, sig-
nal electric charges (electrons in this example) e correspond-
ing to an amount of light photo-electrically converted within
the photodiode PD are accumulated in the n* charge accu-
mulation region 1006a¢ and the thus accumulated signal
electric charges are read out through the read circuit formed
of the respective MOS transistors Trl and Tr2.

[0014] On the other hand, the assignee of the present
application has previously proposed a back-illuminated type
CMOS solid-state image pickup device in which light is
introduced from the back side of the substrate (see Cited
Patent Reference 1). As shown in FIG. 2, a p type pixel
separation region 1023 is formed on, for example, an n type
silicon semiconductor substrate 1022 and photodiodes PD
and a plurality of MOS transistors Tr1 and Tr2 are formed
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on respective pixel regions to thereby form a unit pixel 1025,
a large number of pixels 1025 being arranged in a two-
dimensional matrix fashion. The pixel separation region
1023 is formed of, for example, a p type semiconductor
region from the surface of the substrate to the back surface
of the substrate. The photodiode PD is composed of an n
type semiconductor substrate 1022 encircled by the p type
pixel separation region and a relatively deep p type semi-
conductor well region in which each MOS transistor is
formed and heavily-doped p type semiconductor regions on
the surface and back surface of the substrate, that is, p* type
accumulation layers 1026 and 1027 for suppressing a so-
called dark current. The n type semiconductor substrate
1022 of the photodiode PD is composed of a heavily-doped
n* type charge accumulation region 1022a on the substrate
surface side and an n type semiconductor region 10224
extended to the back surface side of the substrate and of
which impurity concentration is lower than that of the n*
charge accumulation region. The n type semiconductor
region 10225 extended to the back surface side of this
substrate is formed so as to be extended under a p type
semiconductor well region 1024 corresponding to a so-
called read circuit region in which each MOS transistor is
formed.

[0015] A plurality of MOS transistors Tr1l and Tr2 can be
formed of four MOS transistors of, for example, a charge
read transistor, a reset transistor, an amplifier transistor and
a vertical selection transistor similarly as described above. In
FIG. 2, the charge read transistor is denoted by reference
numeral Trl and other reset transistor, amplifier transistor
and vertical selection transistor are denoted by reference
numerals Tr2. The charge read transistor Tr1 is composed of
an n* source/drain region 1029, an n* charge accumulation
region 1022a of the photodiode PD and a gate electrode
1030 formed on the substrate surface between the two
regions 1029 and 1022a through a gate insulating film. This
n* source/drain region 1029 becomes a so-called floating
diffusion (FD). A channel region 1034 is formed just under
the gate electrode 1030.

[0016] The transistor Tr2 such as other reset transistor,
amplifier transistor and vertical selection transistor is simi-
larly composed of a pair of source/drain regions 1031 and
1032 and a gate electrode 1033 formed on a p type semi-
conductor well region 1024 between the source/drain
regions 1031 and 1032 through a gate insulating film
although not shown partly. Although not shown, a color filter
and an on-chip microlens are formed on the back surface
side of the substrate through an insulating film which serves
as a planarization film as well.

[0017] In the back-illuminated type CMOS solid-state
image pickup device 1021, light is introduced from the back
side of the semiconductor substrate 1022 into the photodiode
PD, signal electric charges corresponding to an amount of
received light photo-electrically-converted in the photo-
diode PD are accumulated in the n* charge accumulation
region 1022a and these signal electric charges are read out
through the read circuit formed of the respective MOS
transistors Trl and Tr2.

[0018] Also, in recent years, video cameras and electronic
cameras are widely used and these cameras use CCD
(charge-coupled device) type and amplification type solid-
state image pickup devices. Of these solid-state image
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pickup devices, the amplification type solid-state image
pickup device (CMOS image sensor) includes an image
pickup pixel unit in which one semiconductor chip has a
plurality of pixels arranged thereon in a two-dimensional
fashion and a peripheral circuit unit disposed at the outside
of the image pickup pixel unit.

[0019] Each pixel of the image pickup pixel unit has
formed therein an FD (floating diffusion) unit and various
kinds of CMOS transistors such as transfer transistors and
amplification transistors. Light incident on each pixel is
photo-electrically-converted by a photodiode to generate
signal electric charges. The signal electric charges are trans-
ferred to the FD unit by the transfer transistor and fluctuation
of potential at this FD unit is detected by the amplification
transistor, the thus detected fluctuation of potential is con-
verted into and amplified to an electric signal and a signal of
every pixel is outputted from the signal line to the peripheral
circuit unit.

[0020] Further, the peripheral circuit unit includes a signal
processing circuit for effecting predetermined signal pro-
cessing, such as CDS (correlation double sampling), gain
control and A/D (analog-to-digital) conversion, on a pixel
signal from the image pickup pixel unit and a drive control
circuit for controlling an output of a pixel signal by driving
each pixel of the image pickup pixel unit, such as vertical
and horizontal scanners and a timing generator (TG).

[0021] In order to produce a small CMOS camera module,
there is developed a method of connecting a CMOS solid-
state image pickup device and a signal processing device as
one chip. To improve sensitivity and shading characteristics,
there is developed a so-called back-illuminated type CMOS
image sensor having a structure to introduced light from the
back surface of the opposite side of the surface in which a
read circuit for reading a signal from a photo-electric con-
version element is formed.

[0022] FIG. 3 is a schematic cross-sectional view showing
an arrangement of an image sensor in which the above-
described back-illuminated type CMOS solid-state image
pickup device is mounted.

[0023] As shown in FIG. 3, a sensor chip 101 having an
image pickup pixel unit and a signal processing chip 102
having a peripheral circuit unit such as a signal processing
circuit are mounted on an interposer (intermediate substrate)
103, for example.

[0024] In the sensor chip 101, an interlayer insulator 60 is
formed on a supporting substrate 70 and a wiring layer 61 is
buried into the interlayer insulator 60. A semiconductor
layer 52 is formed above the wiring layer 61 and a surface
insulating layer 51 is formed on the surface of the semicon-
ductor layer 52.

[0025] A photodiode 54 serving as a photo-electric con-
version element and a test electrode 53 and the like are
formed in the semiconductor layer 52. Also, a part of the
wiring layer 61 serves as a gate electrode formed on the
semiconductor layer 52 through a gate insulating film,
thereby resulting in a CMOS transistor 55 being constructed.

[0026] Further, a semiconductor layer penetrating wiring
56 is formed so as to be connected to the wiring layer 61
through the semiconductor layer 52, a part of the surface
insulating film 51 is removed near the portion in which the
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semiconductor layer penetrating wiring 56 is formed and a
pad electrode 57 is formed so as to be connected to the
semiconductor layer penetrating wiring 56.

[0027] The sensor chip 101 having the above-described
arrangement is the so-called back-illuminated type CMOS
solid-state image pickup device in which light is irradiated
on the photodiode 54 formed in the semiconductor layer 52
from the side of the surface insulating film 51 to generate
signal electric charges, the thus generated signal electric
charges being accumulated in the photodiode 54. The
CMOS transistor 55 has functions to transfer signal electric
charges accumulated in the photodiode 54 to the FD unit, to
amplify or reset the electric signal.

[0028] In the above-described arrangement, the semicon-
ductor layer is obtained by decreasing the thickness of the
back surface of the semiconductor substrate and has a
structure in which the semiconductor substrate is bonded to
the supporting substrate 70 in order to stabilize the shape of
the substrate.

[0029] The above-described sensor chip 101 is mounted
on the interposer 103 in which a wiring 80 and an insulating
layer 81 for insulating the wiring 80 are formed on the
surface from the side of the supporting substrate 70 of the
opposite side of the light illuminated side by a suitable
means such as an adhesive layer. The wiring 80 and the pad
electrode 57 are electrically connected by wiring bonding
82a.

[0030] On the other hand, the signal processing chip 102
with the peripheral circuit unit formed thereon is mounted
on the interposer 103 through bumps, for example, by
flip-chip bonding.

[0031] The electronic device having the above arrange-
ment is mounted on other mounted substrate at every
interposer 103a nd these electronic devices are electroni-
cally connected by a suitable method such as the wire
bonding 825.

[0032] A method of manufacturing an image sensor in
which the above-described related-art back-illuminated type
CMOS solid-state image pickup device is mounted on the
mounted substrate will be described.

[0033] As shown in FIG. 4A, the insulating film 51 made
of silicon oxide and which will become a surface insulating
film in the later process is formed on the surface of the
semiconductor substrate 50 made of silicon and the like, and
an SOI (semiconductor on insulator) substrate in which the
semiconductor layer 52 made of silicon and the like is
formed is formed on the upper layer of the insulating film 51,
thereby resulting in the test electrode 53 being formed.

[0034] Next, as shown in FIG. 4B, the photodiode 54 is
formed in the semiconductor layer 52 by implanting ions of
conductive impurities. Further, the gate electrode is formed
on the surface of the semiconductor layer 52 through the
gate insulating film and the gate electrode is connected to the
photodiode 54 and the like to thereby form the CMOS
transistor 55. Further, there is formed the interlayer insulator
60 that covers the CMOS transistor. At that time, the wiring
layer 61 is formed in the interlayer insulator 60 while it is
buried into the interlayer insulator 60 so as to be connected
to the transistor, the semiconductor layer 52 and the like.
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[0035] Next, as shown in FIG. 4C, the supporting sub-
strate 70 is bonded to the upper layer of the interlayer
insulator 60.

[0036] Next, as shown in FIG. 4D, the semiconductor
substrate 50 is removed by polishing the semiconductor
substrate 50 from the surface of the opposite side of the side
in which the supporting substrate 70 is bonded to the
insulating film 51 until the insulating film 51 is exposed. The
insulating film 51 exposed on the surface will be referred to
as a “surface insulating film”. In the following processes, the
upper and lower relationship will be reversed relative to
FIG. 4C for convenience sake of sheet of drawing.

[0037] Next, as shown in FIG. 4E, the penetrating wiring
56 which is connected through the semiconductor layer 52
to the wiring layer 61 is formed by removing a part of the
surface insulating film 51 and the pad electrode 57 is formed
so as to be connected to the penetrating wiring 56.

[0038] As described above, there is formed the related-art
back-illuminated type CMOS solid-state image pickup
device (sensor chip) 101.

[0039] The above-described back-illuminated type CMOS
solid-state image pickup device (sensor chip) 101 is
mounted on the interposer 103 from the side of the support-
ing substrate 70 of the opposite side of the light illuminated
side by a suitable means such as the adhesive layer and
connected by the wire bonding 82a.

[0040] On the other hand, the signal processing chip 102
in which the peripheral circuit unit is formed is mounted on
the interposer 103 through the bumps by flip-chip bonding
and the back-illuminated type CMOS solid-state image
pickup device (sensor chip) 101 and the signal processing
chip 102 are connected through the wiring formed on the
interposer 103. In this manner, there can be manufactured
the image sensor in which the above-described related-art
back-illuminated type CMOS solid-state image pickup
device is mounted on the interposer.

[0041] In the back-illuminated type CMOS solid-state
image pickup device (image sensor) having the above-
described arrangement, since the pad electrode has to be
large enough to be connected by wiring bonding, the chip
area is increased unavoidably. Also, since the number of
electrodes that can be formed within the chip is limited and
high-resistance wiring bonding is used, speed at which a
signal is transmitted from the sensor chip to the signal
processing device is lowered.

[0042] On the other hand, there is developed a back-
illuminated type CMOS solid-state image pickup device
having an arrangement in which an electrode is led out from
the surface of the opposite side of the light illuminated
surface. In this case, while the light illuminated surface is
being directed in the upper direction, this back-illuminated
type CMOS solid-state image pickup device is mounted on
the mounted substrate from the side of the surface in which
the electrode is formed of the opposite surface.

[0043] Cited Patent References 1 and 2 had described the
back-illuminated type CMOS solid-state image pickup
device in which the electrode is formed on the opposite
surface of the light illuminated surface.
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[0044] [Cited Patent Reference 1]: Official Gazette of
Japanese laid-open patent application No. 2003-31785

[0045] [Cited Patent Reference 2]: Official Gazette of
Japanese laid-open patent application No. 2003-273343

[0046] In recent years, in the solid-state image pickup
device, it is desirable that pixels should be microminiatur-
ized in order to integrate a large number of pixels at high
integration degree so as to meet with needs of high resolu-
tion. As shown in FIG. 1, in the case of the above-mentioned
surface-illuminated type CMOS solid-state image pickup
device 1001, since the photodiode PD and a plurality of
transistors Trl and Tr2 such as the electric charge read
transistors are disposed on the same plane in each pixel
region, there is a tendency that the area of one pixel 1005 is
increased. For this reason, it becomes difficult to make the
pixel size become very small. When the pixel size is made
very small, since the area of the photodiode PD is reduced,
problems arise, in which the saturation electric charge
amount (Qs) is lowered and in which sensitivity is lowered.

[0047] On the other hand, as shown in FIG. 2, in the
above-mentioned back-illuminated type CMOS solid-state
image pickup device 1021, since the light L is introduced
from the back surface side of the substrate into this CMOS
solid-state image pickup device 1021, it is possible to
increase the light-receiving area as compared with the
surface-illuminated type CMOS solid-state image pickup
device and hence sensitivity can be increased. However, as
shown in FIG. 2, in this back-illuminated type CMOS
solid-state image pickup device 1021, it is desirable that the
electric charges e generated in the photo-electric conversion
region portion 1022¢ corresponding to the lower portion
(that is, lower portion of the p type semiconductor well
region 1024) of the read circuit formed of a plurality of MOS
transistors should be efficiently collected to the n* charge
accumulation region 1022a¢ on the surface side of the
substrate, thereby suppressing the saturation electric charge
amount (Qs) from being lowered.

SUMMARY OF THE INVENTION

[0048] In view of the aforesaid aspect, the present inven-
tion intends to provide a solid-state image pickup device in
which the pixel size can be made very small without
lowering a saturation electric charge amount (Qs) and sen-
sitivity.

[0049] Further, the present invention intends to provide a
camera including the above-mentioned solid-state image
pickup device.

[0050] Furthermore, the present invention intends to pro-
vide a process of simply and easily manufacturing a back-
illuminated type CMOS solid-state image pickup device
having an arrangement in which an electrode is led out from
the surface of the opposite side of the light illuminated
surface.

[0051] According to an aspect of the present invention,
there are provided a back-illuminated type solid-state image
pickup device and a camera in which a read circuit for
reading a signal from a photo-electric conversion element
formed on a substrate is formed on one surface of said
substrate, incident light being introduced into the back-
illuminated type solid-state image pickup device from the
other surface of the semiconductor substrate. The solid-state
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image pickup device and the camera are comprised of a
photo-electric conversion region formed under at least a
portion of the read circuit to generate electric charges and an
electric charge accumulation region formed on the photo-
electric conversion element at its one surface side of the
substrate, wherein electric charges are collected to the
electric charge accumulation region by an electric field
formed within the photo-electric conversion element.

[0052] In the solid-state image pickup device and the
camera according to the present invention, the photo-electric
conversion region within the photo-electric conversion ele-
ment and the electric charge accumulation region have
therebetween formed a potential distribution such that
potential is increased from the photo-electric conversion
region to the electric charge accumulation region.

[0053] Further, in the solid-state image pickup device and
the camera according to the present invention, the photo-
electric conversion element has a potential distribution of
which potential is increased from the other surface of the
substrate to one surface along the depth direction of the
substrate.

[0054] According to other aspect of the present invention,
there are provided a method of manufacturing a back-
illuminated type solid-state image pickup device and a
camera in which a read circuit for reading a signal from a
photo-electric conversion element formed on a substrate is
formed on one surface of the substrate, incident light being
introduced into the back-illuminated type solid-state image
pickup device from the other surface of the semiconductor
substrate. A method of manufacturing a solid-state image
pickup device and a camera are comprised of the steps of
forming a photo-electric conversion region under at least a
portion of the read circuit to generate electric charges,
forming an electric charge accumulation region on the
photo-electric conversion element at its one surface side of
the substrate and collecting electric charges to the electric
charge accumulation region by an electric field formed
within the photo-electric conversion element.

[0055] In the method of manufacturing a solid-state image
pickup device and a camera according to the present inven-
tion, the photo-electric conversion element has a potential
distribution of which potential is increased from the other
surface of the substrate to one surface along the depth
direction of the substrate.

[0056] Further, in the method of manufacturing a solid-
state image pickup device and a camera according to the
present invention, the photo-electric conversion element on
the other side of the semiconductor substrate of a semicon-
ductor well region of the photo-electric conversion element
has a potential distribution of which potential is increased
from the other surface of the semiconductor substrate to one
surface of the semiconductor substrate.

[0057] According to a further aspect of the present inven-
tion, there are provided a method of manufacturing a solid-
state image pickup device including a semiconductor well
region and a camera. In this method of manufacturing a
solid-state image pickup device and a camera according to
the present invention, the semiconductor well region has a
portion contacting with the photo-electric conversion ele-
ment, the portion having an impurity concentration which is
decreased progressively or stepwise from other surface of
the semiconductor substrate to one surface of the semicon-
ductor substrate.
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[0058] According to a further aspect of the present inven-
tion, there are provided a method of manufacturing a solid-
state image pickup device including a pixel separating
region to separate the photo-electric conversion element. In
this method of manufacturing a solid-state image pickup
device according to the present invention, the pixel separat-
ing region has an impurity concentration which is decreased
progressively or stepwise from the other surface of the
semiconductor substrate to one surface of the semiconductor
substrate.

[0059] In the method of manufacturing a solid-state image
pickup device according to the present invention, the photo-
electric conversion portion and the electric charge accumu-
lation region within the photo-electric conversion element
have formed therebetween a potential distribution which is
increased from the photo-electric conversion portion to the
electric charge accumulation region.

[0060] Further, in the method of manufacturing a solid-
state image pickup device according to the present inven-
tion, the photo-electric conversion element has a potential
distribution of which potential is increased from the other
surface of the substrate to one surface in the substrate depth
direction.

[0061] In accordance with yet a further aspect of the
present invention, there are provided a method of manufac-
turing a back-illuminated type solid-state image pickup
device and a camera in which a buried wiring connected to
a plurality of pixels is formed on one surface of a semicon-
ductor layer in which a plurality of pixels containing a
photo-electric conversion element and a field-effect transis-
tor is formed, the other surface of the semiconductor layer
serving as a light-receiving portion of the photo-electric
conversion element. A method of manufacturing a solid-
state image pickup device and a camera are comprised of the
steps of a step of forming a plurality of pixels containing the
photo-electric conversion element and the field-effect tran-
sistor on one principal plane of a semiconductor substrate, a
step of forming buried wirings, connected to a plurality of
pixels, on one principal plane of the semiconductor sub-
strate, a step of bonding a supporting substrate to one
principal plane of the semiconductor substrate, a step of
decreasing a thickness of the supporting substrate from the
opposite side of a bonding surface, a step of forming
penetrating wirings, which pass through the supporting
substrate, such that the penetrating wirings are connected to
the buried wirings and a step of decreasing a thickness of the
semiconductor substrate from the other principal plane of
the semiconductor substrate to provide the semiconductor
layer until the photo-electric conversion element becomes
able to receive light from the other principal plane of the
semiconductor substrate.

[0062] The above-described method of manufacturing a
solid-state image pickup device and a camera according to
the present invention is a method of manufacturing a back-
illuminated type solid-state image pickup device in which
buried wirings connected to a plurality of pixels are formed
on one plane of a semiconductor layer in which a plurality
of pixels including a photo-electric conversion element and
a field-effect transistor is formed, the other plane of the
semiconductor layer becoming a light-receiving surface of
the photo-electric conversion element.

[0063] First, a plurality of pixels including the photo-
electric conversion element and the field-effect transistor is
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formed on one principal plane of the semiconductor sub-
strate and further the buried wirings connected to a plurality
of pixels are formed.

[0064] Next, the supporting substrate is bonded to one
principal plane of the semiconductor substrate, the support-
ing substrate is decreased in thickness from the opposite side
of the surface in which the supporting substrate is bonded to
one principal plane of the semiconductor substrate and the
penetrating wirings, which pass through the supporting
substrate, are formed so as to be connected to the buried
wirings.

[0065] Next, the semiconductor substrate is decreased in
thickness from the other principal plane side of the semi-
conductor substrate to provide the semiconductor layer until
the photo-electric conversion element becomes able to
receive light from the other principal plane side of the
semiconductor substrate.

[0066] Further, a method of manufacturing a solid-state
image pickup device according to the present invention is
further comprised of the step of forming a projection elec-
trode, projected from the surface of the supporting substrate,
on the surface of the penetrating wirings after the penetrat-
ing wiring forming process.

[0067] Furthermore, a method of manufacturing a solid-
state image pickup device according to the present inven-
tion, the semiconductor substrate is an SOI (semiconductor
on insulator) substrate having a semiconductor layer formed
on a principal substrate through an insulating layer, the
principal substrate being removed in the process for decreas-
ing the thickness of the semiconductor substrate from the
other principal plane of the semiconductor substrate until the
insulating layer is exposed.

[0068] According to still a further aspect of the present
invention, there is provided a method of manufacturing a
back-illuminated type solid-state image pickup device and a
camera in which buried wirings connected to a plurality of
pixels are formed on one plane of a semiconductor layer on
which a plurality of pixels containing a photo-electric con-
version element and a field-effect transistor is formed, the
other plane of the semiconductor layer becoming a light-
receiving surface of the photo-electric conversion element.
This method of manufacturing a solid-state image pickup
device and a camera is comprised of the steps of a step of
forming a plurality of pixels containing the photo-electric
conversion element and the field-effect transistor on one
principal plane of a semiconductor substrate, a step of
forming buried wirings, which are connected to a plurality
of pixels, on one principal plane of the semiconductor
substrate, a step of forming a supporting substrate wiring
which reaches from the surface of one principal plane of a
supporting substrate to at least a predetermined depth, a step
of bonding the one principal plane of the semiconductor
substrate to one principal plane of the supporting substrate,
a step of decreasing a thickness of the semiconductor
substrate from other principal plane of the semiconductor
substrate to provide the semiconductor layer until the photo-
electric conversion element becomes able to receive light
from the other principal plane of the semiconductor sub-
strate, a step of forming a connection wiring to connect the
supporting substrate wiring and the buried wiring and a step
of decreasing a thickness of the supporting substrate from
the other surface side of the supporting substrate until the
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supporting substrate wiring is exposed so that the supporting
substrate wiring is formed as a, penetrating wiring which
penetrates the supporting substrate.

[0069] The above-described method of manufacturing a
solid-state image pickup device and a camera according to
the present invention is a method of manufacturing a back-
illuminated type solid-state image pickup device in which
buried wirings connected to a plurality of pixels are formed
on one plane of a semiconductor layer in which a plurality
of pixels including a photo-electric conversion element and
a field-effect transistor is formed, the other plane of the
semiconductor layer becoming a light-receiving surface of
the photo-electric conversion element.

[0070] First, a plurality of pixels including the photo-
electric conversion element and the field-effect transistor is
formed on one principal plane of the semiconductor sub-
strate and further the buried wirings connected to a plurality
of pixels are formed.

[0071] Next, the supporting substrate is bonded to one
principal plane of the semiconductor substrate, the support-
ing substrate is decreased in thickness from the opposite side
of the surface in which the supporting substrate is bonded to
one principal plane of the semiconductor substrate and the
penetrating wirings, which pass through the supporting
substrate, are formed so as to be connected to the buried
wirings.

[0072] Next, the semiconductor substrate is decreased in
thickness from the other principal plane side of the semi-
conductor substrate to provide the semiconductor layer until
the photo-electric conversion element becomes able to
receive light from the other principal plane side of the
semiconductor substrate.

[0073] Also, the present invention is a back-illuminated
type solid-state image pickup device and a camera in which
buried wirings connected to a plurality of pixels and pen-
etrating wirings, which pass through the supporting sub-
strate, connected to the buried wirings are formed on one
plane of the semiconductor layer on which a plurality of
pixels including a photo-electric conversion element and a
field-effect transistor is formed, the other plane of the
semiconductor layer becoming the light-receiving surface of
the photo-electric conversion element.

[0074] Further, a method of manufacturing a solid-state
image pickup device and a camera according to the present
invention is further comprised of a step of forming a
projection electrode, projected from the surface of the sup-
porting substrate, on the surface of the penetrating wiring
after the process of forming the supporting substrate wiring
as the penetrating wiring.

[0075] Furthermore, a method of manufacturing a solid-
state image pickup device and a camera according to the
present invention, the semiconductor substrate is an SOI
substrate in which a semiconductor layer is formed on a
principal substrate through an insulating layer, the principal
substrate being removed until the insulating film is exposed
in the process of decreasing the thickness of the semicon-
ductor substrate from other principal plane side of the
semiconductor substrate.

[0076] According to the solid-state image pickup device
and the camera of the present invention, the solid-state
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image pickup device and the camera are composed of the
back-illuminated type solid-state image pickup device,
wherein electric charges generated from the photo-electric
conversion region portion formed under at least a part of the
read circuit are collected to the electric charge accumulation
region of the photo-electric conversion element by the
electric field formed within the photo-electric conversion
element, whereby a saturation electric charge amount can be
increased. On the other hand, since the portion provided
under the read circuit also is formed as the photo-electric
conversion element, the incident light area in which light is
introduced from the other surface of the substrate can be
increased and hence sensitivity of the solid-state image
pickup device and the camera can be improved. Accord-
ingly, it becomes possible to make the pixel size become
very small in accordance with increase of integration degree
of pixel without lowering a saturation electric charge
amount and sensitivity.

[0077] The potential distribution of which potential is
increased from the photo-electric conversion region portion
to the electric charge accumulation region is formed
between the above-described photo-electric conversion
region portion and electric charge accumulation region
within the photo-electric conversion element, whereby elec-
tric charges can be moved from the photo-electric conver-
sion region portion and accumulated in the electric charge
accumulation region efficiently.

[0078] The potential distribution of which potential is
increased toward the other plane of the substrate or one
plane in the substrate depth direction of the photo-electric
conversion element, whereby electric charges generated
within the photo-electric conversion element can be effi-
ciently moved to and accumulated in the electric charge
accumulation region which exists on one plane.

[0079] Also, according to the method of manufacturing a
solid-state image pickup device and a camera of the present
invention, since the semiconductor substrate is decreased in
thickness after the supporting substrate was bonded to the
semiconductor substrate to maintain sufficient strength and
the supporting substrate is decreased in thickness to form the
penetrating wirings, it is possible to simply and easily
manufacture the back-illuminated type CMOS solid-state
image pickup device and the camera having the arrangement
in which the electrode is led out from the surface of the
opposite side of the light illuminated surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0080] FIG.1 is a schematic diagram showing an arrange-
ment of a main portion of a surface-illuminated type CMOS
solid-state image pickup device according to the related art;

[0081] FIG. 2 is a schematic diagram showing an arrange-
ment of a main portion of a back-illuminated type CMOS
solid-state image pickup device according to the related art;

[0082] FIG. 3 is a schematic cross-sectional view showing
an arrangement of an electronic device in which a back-
illuminated type CMOS solid-state image pickup device
according to an example of the related art;

[0083] FIG. 4A to 4E are respectively cross-sectional
views showing manufacturing processes of a back-illumi-
nated type CMOS solid-state image pickup device according
to an example of the related art;
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[0084] FIG.S5 is a schematic diagram showing an arrange-
ment of a main portion of a solid-state image pickup device
according to an embodiment of the present invention;

[0085] FIG. 6 is a schematic cross-sectional view showing
a camera according to an embodiment of the present inven-
tion;

[0086] FIG. 7 is a schematic cross-sectional view showing
an arrangement of an electronic device in which a back-
illuminated type CMOS solid-state image pickup device
according to a first embodiment of the present invention is
mounted;

[0087] FIG. 8 is a block diagram showing an arrangement
of an image sensor in which the back-illuminated type
CMOS solid-state image pickup device according to the first
embodiment of the present invention is assembled;

[0088] FIG.9 is an equivalent circuit diagram showing an
arrangement of a pixel of the back-illuminated type CMOS
solid-state image pickup device according to the first
embodiment of the present invention;

[0089] FIG. 10A to 10G are cross-sectional views show-
ing manufacturing processes of the back-illuminated type
CMOS solid-state image pickup device according to the first
embodiment of the present invention, respectively;

[0090] FIG. 11 is a schematic cross-sectional view show-
ing a back-illuminated type CMOS solid-state image pickup
device according to a second embodiment of the present
invention; and

[0091] FIG. 12A to 12G are cross-sectional views show-
ing manufacturing processes of the back-illuminated type
CMOS solid-state image pickup device according to the
second embodiment of the present invention, respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0092] A first embodiment of the present invention will
hereinafter be described with reference to the drawings.

[0093] FIG.S5 is a schematic diagram showing an arrange-
ment of a back-illuminated type CMOS solid-state image
pickup device according to the present invention.

[0094] As shown in FIG. 5, a back-illuminated type
CMOS solid-state image pickup device 1040 includes a first
conductivity type, for example, an n type silicon semicon-
ductor substrate 1042 on which a pixel separation region
formed of a second conductivity type, for example, a p type
semiconductor region to divide respective pixels is formed.
On each divided area, there is formed a unit pixel 1045
composed of a photodiode PD and a plurality of MOS
transistors, for example, four MOS transistors of an electric
charge read transistor Trl, a reset transistor, an amplifier
transistor and a vertical selection transistor (all of which will
be generally referred to a “Ir2”). A large number of unit
pixels 1045 are arranged in an XY matrix fashion (that is, in
a two-dimensional fashion).

[0095] A plurality of MOS transistors Trl and Tr2 consti-
tutes a read circuit for reading signal electric charges from
the photodiode PD. A plurality of MOS transistors construct-
ing this read circuit is formed on a p type semiconductor
well region 1046 formed in such a manner that a pixel
separation region 1043 may be connected to one surface of
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the semiconductor substrate 1042, that is, the surface side of
the substrate. The electric charge read transistor Trl is
composed of a heavily-doped n* source/drain region 1047
formed within a p type semiconductor well region 1046, an
n type electric charge accumulation region formed on the
substrate surface of the photodiode PD and a gate electrode
1048 formed on the substrate surface between the two
regions 1046 and 1047 through a gate insulating film. This
n* source/drain region 1047 becomes a so-called floating
diffusion (FD). The transistor Tr2 such as other reset tran-
sistor, amplifier transistor and vertical selection transistor is
similarly formed of an n* source/drain region 1049 and a
gate electrode 1050 formed on the p type semiconductor
well region 1046 through the gate insulating film although
not shown partly. A multilayer wiring layer 1063, which is
provided by forming a circuit wiring 1061 of the read circuit,
is formed on the semiconductor substrate on which the
respective transistors are formed through an interlayer insu-
lator 1062.

[0096] The photodiode PD is composed of an n* semi-
conductor region 1052 extended from one surface of the
substrate to the other surface, that is, from the substrate
surface through the back surface of the substrate to the
underside of the p type semiconductor well region 1046 (that
is, a read circuit region) in which the read circuit is formed,
a heavily-doped p type semiconductor region formed on the
interface of the surface side of the n type semiconductor
region 1052, that is, so-called p* accumulation layer 1053
and a heavily-doped p type semiconductor region formed on
the interface of the back surface side of the n type semi-
conductor region, that is, so-called p* accumulation layer
1054. The n type semiconductor region 1052 constructing
the photodiode PD is composed of a heavily-doped n type
electric charge accumulation region 1052a¢ formed on the
substrate surface side, an n type region 10526 having an
impurity concentration higher than that of this electric
charge accumulation region 1052a¢ and which is extended
from the electric charge accumulation region 10524 to the
back surface side of the substrate and an type semiconductor
region 1052¢ extended to the underside of the p type
semiconductor well region 1046. A lower portion of the gate
electrode 1048 of the electric charge read transistor also is
formed as the n type semiconductor region 10525.

[0097] Then, in this embodiment, in particular, in the n
type semiconductor region 1052 constructing the photo-
diode PD, electric field to move photo-electrically-converted
electric charges e toward the substrate surface side is formed
in the substrate depth direction. Further, electric field is
formed in order to move electric charges of the photo-
electric conversion region formed right under the p type
semiconductor well region 1046, that is, an n type semicon-
ductor region 1052¢1 to the n type electric charge accumu-
lation region 1052a.

[0098] Specifically, a potential distribution of which
potential is increased from the back surface of the substrate
to the substrate surface is formed on the n type semicon-
ductor region 1052. In this case, a potential distribution of
which potential is increased from the back surface of the
substrate to the n type electric charge accumulation region
1052a on the surface of the substrate is formed on the n type
semiconductor region 10525 except the underside of the p
type semiconductor well region 1046. A potential distribu-
tion of which potential is increased from the back surface of
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the substrate to the region 1052¢1 on the surface side formed
right under the p type semiconductor well region 1046 is
formed on the n type semiconductor region 1052¢ under the
p type semiconductor well region 1046.

[0099] Further, there is formed a potential distribution of
which potential is increased from the nearby region includ-
ing the n type semiconductor region 1052¢1 right under the
p type semiconductor well region 1046 to the n type electric
charge accumulation region 1052¢ in substantially the lat-
eral direction.

[0100] As an example of methods of forming the above-
mentioned potential distribution, potential distributions can
be formed by controlling the impurity concentration of the
n type semiconductor region 1052. With respect to the
substrate depth direction, the above-described potential dis-
tributions can be formed by progressively or stepwise, in this
embodiment, stepwise increasing the n type impurity con-
centration of the n type semiconductor region 1052 from the
back surface side of the substrate to the substrate surface
side. With respect to substantially the lateral direction from
the nearby region including the n type semiconductor region
1052¢1 formed right under the p type semiconductor well
region 1046 to the n type electric charge accumulation
region 1052a, the above-described potential distributions
can be formed by progressively or stepwise, in this embodi-
ment, stepwise increasing the n type impurity concentration
from the n type semiconductor region 1052¢1 formed right
under the p type semiconductor well region to the n type
electric charge accumulation region 1052a.

[0101] The n type electric charge accumulation region
10524, for example, can be formed by an impurity concen-
tration of which doze is higher than 10'? cm™2, and the n
type semiconductor region 1052¢1 can be formed by an
impurity concentration of which doze is selected in a range
of from about 10! to 102 cm.

[0102] As another example of methods of forming the
above-described potential distributions, the above-described
potential distribution of the substrate depth direction can be
formed by progressively or stepwise decreasing the p type
impurity concentration of the p type pixel separation region
1043 from the back surface side of the substrate to the
substrate surface side under the condition in which n type
impurity concentrations of other n type semiconductor
regions 105256 and 1052¢ than the n type electric charge
accumulation region 1052a. Also, the above-described
potential distribution of substantially the lateral direction
can be formed by progressively or stepwise decreasing the
p type impurity concentration of the portion adjoining the n
type semiconductor region 1052¢1 of the p type semicon-
ductor well region 1046 toward the n type electric charge
accumulation region 1052a under the condition in which the
n type impurity concentrations of the n type semiconductor
regions 10525 and 1052¢ are made constant similarly.

[0103] As illustrated, the region under the gate electrode
1048 of the electric charge read transistor Trl also is
constructed as the n type semiconductor region 10525 of the
photodiode PD. However, a channel region 1055 by which
a predetermined threshold value can be obtained is formed
right under the gate electrode 1048. During the light-receiv-
ing and accumulation period, the electric charges e in the n
type semiconductor region 1052 just below the p type
semiconductor well region 1046 also are moved to and

Sep. 7, 2006

accumulated in the n type electric charge accumulation
region 1052a. At that case, in order to prevent the electric
charges e from being leaked through the n type region
portion 1056 just below the gate electrode 1048 into the
source/drain region 1047 which becomes the floating diffu-
sion (FD) of the electric charge read transistor Trl, an
impurity concentration in the n type region portion 1056
right under the gate electrode 1048 is set to be such one that
a potential barrier may be formed.

[0104] Also, in the n type electric charge accumulation
region 1052a, in order to efficiently transfer accumulated
signal electric charges e to the electric charge read transistor
Trl, there is formed a potential distribution of which poten-
tial is increased toward the side of the electric charge read
transistor Trl. To this end, the impurity concentration of the
n type electric charge accumulation region 1052¢ is made
constant and the impurity concentration of the p* accumu-
lation layer 1053 is decreased toward the electric charge read
transistor Trl. In this embodiment, an accumulation layer
1053 is formed between the two regions of a high concen-
tration region 1053¢ and a low concentration region 10535.

[0105] Although not shown, a color filter and an on-chip
microlens are formed on the back surface side of the
substrate through an insulating film. Also, a supporting
substrate formed of a silicon substrate, for example, for
reinforcement can be constructed on the multilayer wiring
layer 1063. In this manner, there can be constructed a target
back-illuminated type CMOS solid-state image pickup
device 1041.

[0106] Next, operations of the above-mentioned back-
illuminated type CMOS solid-state image pickup device
1041 according to this embodiment will be described. Inci-
dent light L is introduced from the back surface side of the
substrate into the photodiode PD which is the photo-electric
conversion element. The incident light L is introduced into
the whole region of the photodiode PD including the lower
portion of the p type semiconductor well region 1046 and it
is photo-electrically-converted by the n type semiconductor
region 1052 in the photodiode PD to thereby generate signal
electric charges (electrons in this embodiment) e. The thus
generated signal electric charges e are moved to a pn
junction portion of the substrate surface side by the electric
field formed within the n type semiconductor region 1052,
that is, a potential distribution of which potential is increased
toward the n type electric charge accumulation region
1052a. Specifically, the signal electric charges generated
within the n type semiconductor region 10526 are moved to
the pn junction portion of the substrate surface side by the
above-described electric field and accumulated in the n type
electric charge accumulation region 1052a. Also, signal
electric charges generated in the n type semiconductor
region 1052¢ under the p type semiconductor well region
1046 are moved to the pn junction formed on the lower
portion of the p type semiconductor well region 1046,
accordingly, the n type semiconductor region 1052¢1 by the
above-described electric field. Further, these signal electric
charges are efficiently moved to the pn junction portion
formed on the substrate surface side and accumulated in the
n type electric charge accumulation region by the electric
field formed toward the n type electric charge accumulation
region 1052a, that is, the potential distribution of which
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potential is increased from the n type semiconductor region
1052¢1 to the n type electric charge accumulation region
1052a.

[0107] According to the back-illuminated type CMOS
solid-state image pickup device 1041 of this embodiment,
since the lower portion of the p type semiconductor well
region 104According to the back-illuminated type CMOS
solid-state image pickup device 1041 of this embodiment,
since the lower portion of the p type semiconductor well
region 1046 forming the read circuit also is formed as the
photodiode PD, the area in which incident light can be
introduced from the back surface side can be made larger
than that of the related-art surface-illuminated type CMOS
solid-state image pickup device so that much more signal
electric charges can be read out, thereby resulting in sensi-
tivity being increased. Also, since the electric field is formed
from the n type semiconductor region 1052¢1 under the p
type semiconductor well region 1046 to the n type electric
charge accumulation region 1052a, signal electric charges in
the n type semiconductor region 1052¢1 can be efficiently
accumulated in the n type electric charge accumulation
region 1052a and hence much more signal electric charges
can be accumulated. As a consequence, it is also possible to
increase the saturation electric charge amount (Qs).

[0108] FIG. 6 is a cross-sectional view showing a camera
according to the embodiment of the present invention. The
camera according to this embodiment is a video camera
which is able to shoot real moving pictures.

[0109] As shown in FIG. 6, the camera according to this
embodiment includes a semiconductor image sensor/module
2011, an optical system 2210, a shutter apparatus 2211, a
driver circuit 2212 and a signal processing circuit 2213.

[0110] The optical system 2210 is able to focus light of
image (incident light) from the object on the image pickup
screen of the semiconductor image sensor module 2011,
whereby signal electric charges are accumulated within the
semiconductor image sensor module 2011 during a constant
period.

[0111] The shutter apparatus 2211 are able to control a
time period in which light is illuminated on the semicon-
ductor image sensor module 2011 and a time period in which
the semiconductor image sensor module 2011 is shielded
from illumination of light.

[0112] The driver circuit 2212 supplies drive signals to
control transfer operations of the semiconductor image
sensor module 2011 and also supplies drive signals to
control shutter operations of the shutter apparatus 2211. The
semiconductor image sensor module 2011 is able to transfer
charges in response to drive signals (timing signals) supplied
from the driver circuit 2212. The signal processing circuit
2213 carries out various kinds of signal processing. A video
signal, which was processed in a suitable signal processing
fashion, may be stored in a suitable recording medium such
as a memory or it may be outputted to a monitor.

[0113] Therefore, according to this embodiment, even
when the pixel size is reduced in accordance with the
increase of integration degree of pixel, it is possible to
provide a CMOS solid-state image pickup device with high
sensitivity and large dynamic range.
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[0114] A method of manufacturing a CMOS solid-state
image pickup device according to the embodiment of the
present invention will be described below with reference to
the drawings.

[0115] A second embodiment of the present invention will
be described.

[0116] FIG. 7 is a schematic cross-sectional view showing
an arrangement of an electronic apparatus in which the
back-illuminated type CMOS solid-state image pickup
device according to the first embodiment of the present
invention is mounted.

[0117] As shown in FIG. 7, a sensor chip 1a, which is a
back-illuminated type CMOS solid-state image pickup
device with an image pickup pixel unit provided thereon,
and a signal processing chip 2 with a peripheral circuit unit
such as a signal processing circuit provided thereon, are
mounted on an interposer (intermediate substrate) 3, for
example.

[0118] The sensor chip 1a has an interlayer insulator 20
formed on a supporting substrate 30 and a buried wiring
layer 21 buried therein. A semiconductor layer 12 is formed
on the buried wiring layer 21 and a surface insulating layer
11 is formed on the surface of the semiconductor layer 12.

[0119] A photodiode 14 and an alignment mark 13 and the
like are formed in the semiconductor layer 12. The align-
ment mark 13 is a mark for an occasion when patterning is
carried out on the rear side of the semiconductor substrate
50. Also, a part of the buried wiring layer 21 becomes a gate
electrode formed on the semiconductor layer 12 through a
gate insulating film, thereby resulting in a CMOS transistor
15 being constructed.

[0120] Further, there is formed a supporting substrate
penetrating wiring 31 which is connected to the wiring layer
21 through the supporting substrate 30. A protruded elec-
trode (bump) 32, which is protruded from the surface of the
supporting substrate 30, is formed on the supporting sub-
strate penetrating wiring 31. The bump (micro-bump) 32 is
a protrusion-like metal electrode formed on a pad smaller
than an ordinary pad electrode for use with wiring bonding
by a suitable method such as electrolytic plating.

[0121] The sensor chip la having the above-described
arrangement is the so-called back-illuminated type CMOS
solid-state image pickup device in which when light is
illuminated on the photodiode 14 formed in the semicon-
ductor layer 12 from the side of the surface insulating layer
11, signal electric charges are generated and accumulated in
the photodiode 14. A CMOS transistor 15 has functions to
transfer signal electric charges accumulated in the photo-
diode to the FD unit, to amplify signals or reset signals.

[0122] In the above-described arrangement, the semicon-
ductor layer is obtained by decreasing the thickness of the
back surface of the semiconductor substrate and it has the
structure in which it is bonded to the supporting substrate 30
in order to stabilize the shape of the substrate.

[0123] As described above, the CMOS solid-state image
pickup device according to this embodiment is the back-
illuminated type solid-state image pickup device in which
buried wirings connected to a plurality of pixels are formed
on one surface of the semiconductor layer in which a
plurality of pixels including the photo-electric conversion
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element and the field-effect transistor is formed, the other
surface of the semiconductor layer becoming the light-
receiving surface of the photo-electric conversion element.

[0124] The above-described sensor chip 1a is mounted on
the interposer 3 in which wirings 40 and an insulating layer
41 for insulating the wirings 40 are formed from the side of
the supporting substrate 30 of the opposite side of the light
illuminated side by flip-chip bonding in such a manner that
a land, which is provided by exposing a part of the surface
of the wiring from the opening portion of the insulating
layer, and the bump may be joined.

[0125] On the other hand, the signal processing chip 2
with the peripheral circuit unit formed thereon is mounted
on the interposer through the bump, for example, by flip-
chip bonding.

[0126] The electronic apparatus having the above-men-
tioned arrangement is mounted on other mounted substrate
at every interposer and the electronic apparatus are electri-
cally connected by wire bonding 42, for example, when they
are in use.

[0127] A function evaluation electrode PAD in which the
above-described sensor chip (CMOS solid-state image
pickup device) and the signal processing chip are connected
as one chip is formed on the interposer, for example.

[0128] FIG. 8 is a block diagram showing an arrangement
of an image sensor having the CMOS solid-state image
pickup device according to this embodiment assembled
therein, and FIG. 9 is an equivalent circuit diagram showing
an arrangement of a pixel of the CMOS solid-state image
pickup device according to this embodiment.

[0129] As shown in FIG. 8, the image sensor according to
this embodiment is composed of an image pickup pixel unit
112, a V selection means 114, an H selection means 116, a
timing generator (TG) 118, an S/H/CDS (sample-and-hold/
correlation double sampling) circuit 120, an AGC (auto-
matic gain control) unit 122, an A/D (analog-to-digital)
conversion unit 124, a digital amplifying unit 126 and the
like.

[0130] For example, the image pickup pixel unit 112, the
V selection means 114, the H selection means 116 and the
S/H/CDS circuit 120 can be integrated on one chip as the
sensor chip 1a in FIG. 7 and the remaining circuit units can
be integrate on the signal processing chip 2. Alternatively,
only the image pickup pixel unit 112 can be formed on the
sensor chip 1a.

[0131] The image pickup pixel unit 112 has a large number
of pixels arranged in a two-dimensional fashion. As shown
in FIG. 9, each pixel includes a photodiode (PD)200 which
is a photo-electric conversion element for generating and
accumulating signal electric charges corresponding to an
amount of received light. Each pixel further includes four
MOS transistors of a transfer transistor 220 for transferring
signal electric charges photo-electrically-converted and
accumulated by this photodiode 200 to a floating diffusion
unit (FD unit) 210, a reset transistor 230 for resetting a
voltage of the FD unit 210, an amplifier transistor 240 for
outputting an output signal corresponding to the voltage of
the FD unit 210 and a selection (address) transistor 250 for
outputting an output signal of this amplifier transistor 240 to
a vertical signal line 260.
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[0132] In the pixel having the above-described arrange-
ment, signal electric charges photo-electrically-converted by
the photodiode 200 are transferred to the FD unit 210 by the
transfer transistor 220. Since the FD unit 210 is connected
to the gate of the amplifier transistor 240 and the amplifier
transistor 240 constitute a source-follower transistor
together with a constant current source 270 provided at the
outside of the image pickup pixel unit 112, when the address
transistor 250 is energized, a voltage corresponding to the
voltage of the FD unit 210 is outputted to the vertical signal
line 260. Also, the reset transistor 230 resets the voltage of
the FD unit 210 to a constant voltage (drive voltage Vdd in
FIG. 9) which does not depend on the signal electric
charges.

[0133] Also, various kinds of drive wirings for driving and
controlling respective MOS transistors are connected to the
image pixel unit 112 in the horizontal direction. Respective
pixels of the image pickup pixel portion 112 are sequentially
selected at the horizontal line (pixel line) unit in the vertical
direction by the V selection means 114 and the MOS
transistors of respective pixels are controlled by various
kinds of pulse signals from the timing generator 118,
whereby signals of respective pixels are read out to the
S/D/CDS unit 120 at every pixel column through the vertical
signal line 260.

[0134] The S/H/CDS unit 120 (shown in FIG. 8) is such
one in which a S/H/CDS circuit is provided at every pixel
column of the image pickup pixel unit 113 and it effects
signal processing such as CDS (correlation double sam-
pling) on the pixel signal read out from every each pixel
column of the image pickup pixel unit 112.

[0135] The H selection means 116 outputs the pixel signal
from the S/H/CDS unit 120 to the AGC unit 122.

[0136] The AGC unit 122 effects predetermined gain
control on the pixel signal from the S/H/CDS unit 120
selected by the H selection means 116 and outputs the
corresponding pixel signal to the A/D conversion unit 124.

[0137] The AID conversion unit 124 converts the pixel
signal from the AGC unit 122 in the form of analog to digital
signal and outputs the digital signal to the digital amplifier
unit 126.

[0138] The digital amplifier unit 126 effects necessary
amplification and buffering on the digital signal output from
the A/D conversion unit 124 and outputs the thus processed
digital signal from an external output (not shown).

[0139] The timing generator 118 supplies various kinds of
timing signals to respective units other than each pixel of the
above-mentioned image pickup pixel unit 112.

[0140] The CMOS image sensor having the above-de-
scribed arrangement becomes able to directly input the
signal outputted from the pixel of the CMOS image sensor
to the signal processing device through the micro-bump at
the pixel unit or at the unit of a plurality of pixels without
inputting the output signal from the pad electrode formed at
the circumference of the chip to the signal processing device
after the signal outputted from the pixel was outputted to the
pixel peripheral circuit unlike the related art. As a conse-
quence, it becomes possible to provide a high performance
and highly-capable device in which signal processing speed
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among devices is high and in which the image sensor and the
signal processing device are integrated as one chip.

[0141] A method of manufacturing a back-illuminated
type CMOS solid-state image pickup device according to
this embodiment will be described.

[0142] First, as shown in FIG. 10A, an insulating film 11
made of silicon oxide and which will become a surface
insulating film in the later process is deposited on the surface
of the semiconductor substrate 10 made of silicon and the
like, for example, by a suitable method such as a thermal
oxidation method or a CVD (chemical vapor deposition)
method.

[0143] Further, the semiconductor layer 12 formed of a
suitable material such as silicon is deposited on the upper
layer of the insulating layer 11, for example, by a suitable
method such as a bonding method or an epitaxial growth
method and it is used as an SOI (semiconductor on insulator)
substrate. In this stage, the alignment mark 13 is formed on
the semiconductor layer 12 in advance.

[0144] Next, as shown in FIG. 10B, a pn junction is
formed by implanting ions of p type conductive impurities
on the n type semiconductor layer 12 and thereby the
photodiode 14 that serves as the photo-electric conversion
element is formed in the semiconductor layer 12. Further,
the gate electrode is formed on the surface of the semicon-
ductor layer 12 through the gate insulating film and con-
nected to the photodiode 14 and the like to form the CMOS
transistor 15, thereby resulting in a plurality of pixels having
the above-described arrangement being formed.

[0145] Further, there is formed the interlayer insulator 20
which covers the CMOS transistor, for example. At that
time, the buried wiring layer 21 is buried into the interlayer
insulator 20 so as to be connected to the transistors and the
semiconductor layer 12 and the like.

[0146] Next, as shown in FIG. 10C, the supporting sub-
strate 30 formed of a suitable material such as a silicon
substrate or an insulating resin substrate is bonded to the
upper layer of the interlayer insulator 20 by a suitable
method such as thermo compression bonding using a ther-
mosetting resin as an adhesive.

[0147] Next, as shown in FIG. 10D, the supporting sub-
strate 30 is decreased in thickness from the opposite side of
the bonded surface by a suitable method such as mechanical
grinding.

[0148] Next, as shown in FIG. 10E, the supporting sub-
strate penetrating wiring 31 that penetrates the supporting
substrate 30 is formed so as to be connected to the buried
wiring layer 21. This supporting substrate penetrating wiring
31 can be formed in such a manner that a resist film is
pattern-formed during a photolithography process, for
example, and etched by a suitable method such as dry
etching to form an opening portion, which reaches the buried
wiring layer 21, on the supporting substrate, whereby the
opening portion on the supporting substrate 30 is buried by
a low-resistance metal such as copper.

[0149] Next, as shown in FIG. 10F, the bump 32, which
protrudes from the surface of the supporting substrate 30, is
formed on the surface of the supporting substrate penetrating
wiring 31 by a suitable method such as a metal plating
treatment.
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[0150] Next, as shown in FIG. 10G, the semiconductor
substrate 10 is decreased in thickness until the photodiode
14 becomes able to receive light from the side of the
semiconductor substrate 10 of the SOI substrate, for
example. For example, the insulating film 11 is used as a
stopper and the semiconductor substrate 10 is decreased in
thickness from the back surface side of the semiconductor
substrate 10 by mechanical grinding or wet etching treat-
ment until the insulating film 11 is exposed. As a result, the
semiconductor layer 12 of the SOI substrate is left. Herein,
the insulating film 11, which is exposed on the surface, will
be referred to as a “surface insulating film”. For convenience
sake of the sheet of drawing and in order to more clearly
understand the present invention, an upper and lower rela-
tionship in FIG. 10G is reversed relative to FIG. 10F.

[0151] In this manner, there is formed the back-illumi-
nated type CMOS solid-state image pickup device (sensor
chip) 1a according to this embodiment.

[0152] Further, it is preferable that an insulating film
should be deposited on the back surface of the semiconduc-
tor substrate (semiconductor layer 12), which was obtained
by decreasing the thickness of the semiconductor substrate
10, by a CVD method, for example. This insulating film can
function not only to protect the silicon surface of the back
surface but also to work as an antireflection film against
incident light.

[0153] The thus formed back-illuminated type CMOS
solid-state image pickup device (sensor chip) 1a is mounted
on the interposer through the bump 32 by flip-chip bonding
such that the light-receiving surface is directed upwards. For
example, lands and bumps on the wirings of the interposer
and bumps on the supporting substrate of the sensor chip
may be compression-bonded together at a temperature lower
than a melting point of wirings used within the sensor chip
and the signal processing chip and also at a temperature in
which bumps can be electrically connected together with
high stability. Also, the sensor chip can be directly mounted
on the signal processing chip as a module. Also in this case,
the sensor chip can be mounted on the signal processing chip
similarly as described above.

[0154] On the other hand, the signal processing chip 2 in
which the peripheral circuit unit is formed also is similarly
mounted on the interposer through the bump by flip-chip
bonding. As a consequence, the back-illuminated type
CMOS solid-state image pickup device (sensor chip) 1a and
the signal processing chip 2 are connected together through
the wirings formed on the interposer 3.

[0155] In this fashion, it is possible to manufacture the
image sensor in which the back-illuminated type CMOS
solid-state image pickup device according to this embodi-
ment is assembled. Further, after the back-illuminated type
CMOS solid-state image pickup device was mounted on the
interposer by flip-chip bonding, the circuits of the sensor
chip can be tested by using the alignment mark 13.

[0156] As described above, according to the method of
manufacturing the back-illuminated type CMOS solid-state
image pickup device according to this embodiment, since
the semiconductor substrate is decreased in thickness after
sufficient strength was maintained by bonding the support-
ing substrate to the semiconductor substrate and the pen-
etrating wiring is formed by decreasing the thickness of the
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supporting substrate, the electrode is not led out from the
back surface of the semiconductor substrate and the elec-
trode can be led out from the supporting substrate. Thus, it
is possible to simply and easily manufacture the back-
illuminated type CMOS solid-state image pickup device
having the arrangement in which the electrode is led out
from the surface of the opposite side of the light illuminated
surface.

[0157] Also, since the electrode can be formed on the
supporting substrate side of the opposite side of the surface
in which light becomes incident, degree of freedom of the
arrangement of the electrode can be increased and hence it
becomes possible to form a large number of micro-bumps on
the portion right under the pixel and on the portion right
under the peripheral portion of the pixel without decreasing
an aperture ratio of the CMOS image sensor.

[0158] As described above, since the back surface of the
semiconductor substrate is decreased in thickness and the
mounted substrate such as the interposer and other semi-
conductor chip such as the signal processing chip are
connected together by means of bumps, it becomes possible
to manufacture a device with high performance and high
capability.

[0159] As the semiconductor substrate, it is preferable that
an oxide film should be formed in advance in the substrate
like the SOI substrate. Such semiconductor substrate is
preferable because the oxide film in the SOI substrate can be
used as the stopper in the wet etching process to decrease the
thickness of the semiconductor substrate and a uniform and
flat semiconductor substrate can be obtained after the film
thickness of the semiconductor substrate was decreased.

[0160] A third embodiment of the present invention will
be described below.

[0161] FIG. 11 is a schematic cross-sectional view show-
ing an arrangement of an electronic apparatus in which the
back-illuminated type CMOS solid-state image pickup
device according to the embodiment of the present invention
is mounted.

[0162] Similarly to the second embodiment, a sensor chip
15, which is a back-illuminated type CMOS solid-state
image pickup device with an image pickup pixel unit
provided thereon, and the signal processing chip 2 with the
peripheral circuit unit such as the signal processing circuit
provided thereon are mounted on the interposer (intermedi-
ate substrate) 3, for example.

[0163] As shown in FIG. 11, the interlayer insulator 20 is
formed on the supporting substrate 30 and the buried wiring
layer 21 is buried in the inside of the interlayer insulator 20.
The semiconductor layer 12 is formed on the upper layer of
the buried wiring layer 21 and the surface insulating films
(11, 19) are formed on the surface of the semiconductor
layer 12.

[0164] The photodiode 14, the alignment mark 13 and the
like are formed in the semiconductor layer 12. Also, a part
of the buried wiring layer 21 becomes the gate electrode
formed on the semiconductor layer 12 through the gate
insulating film. Also, there is formed the semiconductor
layer penetrating wiring 16 which is connected through the
semiconductor layer 12 to the buried wiring layer 21.
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[0165] Further, a supporting substrate penetrating wiring
31 which penetrates the supporting substrate 30 is formed
and a protrusion electrode (bump) 32 which protrudes from
the surface of the supporting substrate 30 is formed on the
surface of the supporting substrate penetrating wiring 31.

[0166] On the other hand, there is formed a semiconductor
layer insulating layer penetrating wiring 17 which is con-
nected through the semiconductor layer 12 and the interlayer
insulator 20 to the supporting substrate penetrating wiring
31, for example. The semiconductor layer penetrating wiring
16 and the semiconductor layer insulating layer penetrating
wiring 17 are connected together by a connection wiring 18
formed on the surface insulating film 11.

[0167] While the supporting substrate penetrating wiring
31 is connected through the semiconductor layer insulating
layer penetrating wiring 17, the connection wiring 18 and
the semiconductor layer penetrating wiring 16 to the buried
wiring layer 21 as described above in this embodiment, the
present invention is not limited thereto, and the supporting
substrate penetrating wiring 31 may be directly connected to
the buried wiring layer 21 through part of the above-
mentioned elements or not through the above-mentioned
elements.

[0168] The sensor chip 15 having the above-described
arrangement has an arrangement in which when light is
illuminated on the photodiode 14 formed in the semicon-
ductor layer 12 from the side of the surface insulating films
(11, 19), signal electric charges are generated and accumu-
lated in the photodiode 14. This sensor chip 15 is the
back-illuminated type solid-state image pickup device in
which the buried wirings connected to a plurality of pixels
are formed on one surface of the semiconductor layer in
which a plurality of pixels including the photo-electric
conversion element and the field-effect transistor is formed,
the surface of the semiconductor layer becoming the light-
receiving surface of the photo-electric conversion element.

[0169] The above-described sensor chip 15 is mounted on
the interposer 3 in which wirings 40 and an insulating layer
41 for insulating the wirings 40 are formed from the side of
the supporting substrate 30 of the opposite side of the light
illuminated side by flip-chip bonding in such a manner that
a land, which is provided by exposing a part of the surface
of the wiring from the opening portion of the insulating
layer, and the bump may be joined.

[0170] On the other hand, the signal processing chip 2
with the peripheral circuit unit formed thereon is mounted
on the interposer 3 through the bump, for example, by
flip-chip bonding.

[0171] The electronic apparatus having the above-men-
tioned arrangement is mounted on other mounted substrate
at every interposer and the electronic apparatus are electri-
cally connected by wire bonding 42, for example, when they
are in use.

[0172] The arrangement of the image sensor in which the
back-illuminated type CMOS solid-state image pickup
device according to this embodiment is assembled and the
arrangement of the pixel are similar to those of the first
embodiment.

[0173] A method of the back-illuminated type CMOS
solid-state image pickup device according to this embodi-
ment will be described.
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[0174] First, as shown in FIG. 12A, the insulating film 11
made of silicon oxide and which will become a surface
insulating film in the later process is deposited on the surface
of the semiconductor substrate 10 made of silicon and the
like, for example, by a suitable method such as a thermal
oxidation method or a CVD (chemical vapor deposition)
method.

[0175] Further, the semiconductor layer 12 formed of a
suitable material such as silicon is deposited on the upper
layer of the insulating film 11, for example, by a suitable
method such as a bonding method or an epitaxial growth
method and it is used as an SOI (semiconductor on insulator)
substrate. In this stage, the alignment mark 13 is formed on
the semiconductor layer 12 in advance.

[0176] Next, as shown in FIG. 12B, the photodiode 14 is
formed in the semiconductor layer 12 as the photo-electric
conversion element by implanting ions of conductive impu-
rities. Further, the gate electrode is formed on the surface of
the semiconductor layer 12 through the gate insulating film
and connected to the photodiode 14 and the like to form the
CMOS transistor 15, thereby resulting in a plurality of pixels
having the above-described arrangement being formed.

[0177] Further, there is formed the interlayer insulator 20
which covers the CMOS transistor, for example. At that
time, the buried wiring layer 21 is buried into the interlayer
insulator 20 so as to be connected to the transistors and the
semiconductor layer 12 and the like.

[0178] On the other hand, the supporting substrate wiring
31 which becomes the supporting substrate penetrating
wiring that reaches from the surface of one principal plane
of the supporting substrate formed of the silicon substrate or
the insulating resin substrate to at least a predetermined
depth is formed. Next, as shown in FIG. 12C, the supporting
substrate 30 is bonded to the upper layer of the interlayer
insulator 20 from the side of the surface on which the
supporting substrate wiring 31 is formed.

[0179] Next, as shown in FIG. 12D, the semiconductor
substrate 10 is decreased in thickness until the photodiode
14 becomes able to receive light from the side of the
semiconductor substrate 10 of the SOI substrate, for
example. The insulating film 11 is used as a stopper, for
example, and the semiconductor substrate 10 is decreased in
thickness from the back surface side of the semiconductor
substrate 10 by mechanical grinding or wet etching treat-
ment until the insulating film 11 is exposed. As a result, the
semiconductor layer 12 of the SOI substrate is left. For
convenience sake of the sheet of drawing and in order to
more clearly understand the present invention, an upper and
lower relationship in FIG. 12D is reversed relative to FIG.
12C.

[0180] Next, as shown in FIG. 12E, there is formed a
connection wiring by which the supporting substrate wiring
31 and the buried wiring layer 21 can be connected together.

[0181] To be more concrete, there is formed the semicon-
ductor layer penetrating wiring 16 which is connected
through the semiconductor layer 12 to the buried wiring
layer 21, for example, there is formed the semiconductor
layer insulating layer penetrating wiring 17 which is con-
nected through the semiconductor layer 12 and the interlayer
insulator 20 to the supporting substrate penetrating wiring
31 and there is formed the connection wiring 18 by which
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the semiconductor layer penetrating wiring 16 and the
semiconductor layer insulating layer penetrating wiring 17
are connected together. After that, the surface insulating film
19 which becomes the protecting film is formed.

[0182] Next, as shown in FIG. 12F, the supporting sub-
strate 30 is decreased in thickness from the opposite side of
the bonded surface by a suitable method such as mechanical
grinding until the supporting substrate wiring 31 is exposed,
and the supporting substrate wiring 31 is used the supporting
substrate penetrating wiring which penetrates the supporting
substrate 30.

[0183] Next, as shown in FIG. 12G, the bump 32, which
protrudes from the surface of the supporting substrate 30, is
formed on the surface of the supporting substrate penetrating
wiring 31 by a suitable treatment such as a metal plating
treatment.

[0184] As described above, there can be obtained the
back-illuminated type CMOS solid-state image pickup
device (sensor chip) 15 according to this embodiment.

[0185] The thus formed back-illuminated type CMOS
solid-state image pickup device (sensor chip) 15 is mounted
on the interposer 3 through the bump 32 by flip-chip bonding
in such a manner that the light-receiving surface is directed
in the upper direction. The signal processing chip 2 also is
similarly mounted on the interposer 3 by flip-chip bonding,
and the back-illuminated type CMOS solid-state image
pickup device(sensor chip) 15 and the signal processing chip
2 are connected together through the wirings formed on the
interposer 3.

[0186] In this manner, it is possible to manufacture the
image sensor in which the back-illuminated type CMOS
solid-state image pickup device according to this embodi-
ment is mounted.

[0187] In this embodiment, the buried wiring formed on
the semiconductor substrate and the penetrating electrode in
the supporting substrate are not directly connected but the
penetrating electrode and the buried wiring may be con-
nected by wirings after the back surface of the semiconduc-
tor substrate was decreased in thickness. According to this
method, since the penetrating electrode and the buried
wiring are connected by the signal processing device and the
micro-bump formed on the back surface of the supporting
substrate so that wire bonding need not be carried out, the
size in which the back-illuminated type CMOS solid-state
image pickup device is formed as one chip can be reduced
much more.

[0188] As described above, according to the method of
manufacturing the back-illuminated type CMOS solid-state
image pickup device of this embodiment, since the semi-
conductor substrate is decreased in thickness after sufficient
strength was maintained by bonding the supporting substrate
to the semiconductor substrate and the penetrating wiring is
formed by decreasing the thickness of the supporting sub-
strate, it is possible to simply and easily manufacture the
back-illuminated type CMOS solid-state image pickup
device having the arrangement in which the electrode is led
out from the surface of the opposite side of the light-
illuminated surface.

[0189] As described above, in the CMOS image sensor in
which the CMOS solid-state image pickup device according
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to this embodiment is mounted, it becomes possible to
directly input the signal outputted from the pixel to the
signal processing device through the micro-bump at every
unit of pixel or at every unit of a plurality of pixels. As a
consequence, it becomes possible to provide a high perfor-
mance device with high capability in which a signal pro-
cessing speed among the devices is high and in which the
image sensor and the signal processing device are formed as
one chip. Also, since this image sensor need not be con-
nected to the chip or wafer by wire bonding, the chip size
can be reduced, a yield of wafer can be increased and a chip
cost can be decreased.

[0190] The present invention is not limited to the above-
described embodiments.

[0191] For example, while the SOI substrate is used as the
semiconductor substrate in the above-described embodi-
ments, the present invention is not limited thereto and an
ordinary semiconductor substrate can be used and this
semiconductor substrate can be decreased in thickness from
the surface of the opposite side of the surface in which the
photodiode and the transistor are formed.

[0192] Further, the bump, which protrudes from the sur-
face of the supporting substrate, can be formed on the whole
of the chip area. For example, independent bumps can be
formed at every pixel of the CMOS image sensor and
connected to a suitable element such as the interposer,
whereby signal electric charges can be read out at every
pixel.

[0193] Furthermore, the present invention can be vari-
ously modified without departing from the gist of the present
invention.

[0194] According to the solid-state image pickup device
and the camera of the present invention, the solid-state
image pickup device and the camera are composed of the
back-illuminated type solid-state image pickup device,
wherein electric charges generated from the photo-electric
conversion region portion formed under at least a part of the
read circuit are collected to the electric charge accumulation
region of the photo-electric conversion element by the
electric field formed within the photo-electric conversion
element, whereby a saturation electric charge amount can be
increased. On the other hand, since the portion provided
under the read circuit also is formed as the photo-electric
conversion element, the incident light area in which light is
introduced from the other surface of the substrate can be
increased and hence sensitivity of the solid-state image
pickup device and the camera can be improved. Accord-
ingly, it becomes possible to make the pixel size become
very small in accordance with increase of integration degree
of pixel without lowering a saturation electric charge
amount and sensitivity.

[0195] The potential distribution of which potential is
increased from the photo-electric conversion region portion
to the electric charge accumulation region is formed
between the above-described photo-electric conversion
region portion and the electric charge accumulation region
within the photo-electric conversion element, whereby elec-
tric charges can be moved from the photo-electric conver-
sion region portion and accumulated in the electric charge
accumulation region efficiently.

[0196] The potential distribution of which potential is
increased toward the other plane of the substrate or one
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plane in the substrate depth direction of the photo-electric
conversion element, whereby electric charges generated
within the photo-electric conversion element can be effi-
ciently moved to and accumulated in the electric charge
accumulation region which depends on one plane.

[0197] Also, according to the method of manufacturing a
solid-state image pickup device and a camera of the present
invention, since the semiconductor substrate is decreased in
thickness after the supporting substrate was bonded to the
semiconductor substrate to maintain sufficient strength and
the supporting substrate is decreased in thickness to form the
penetrating wirings, it is possible to simply and easily
manufacture the back-illuminated type CMOS solid-state
image pickup device and the camera having the arrangement
in which the electrode is led out from the surface of the
opposite side of the light illuminated surface.

[0198] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. In a back-illuminated type solid-state image pickup
device in which a read circuit for reading a signal from a
photo-electric conversion element formed on a substrate is
formed on one surface of said substrate, incident light being
introduced into said back-illuminated type solid-state image
pickup device from the other surface of said semiconductor
substrate, a solid-state image pickup device comprising:

a photo-electric conversion region formed under at least a
portion of said read circuit to generate electric charges;
and

an electric charge accumulation region formed on said
photo-electric conversion element at its one surface
side of said substrate, wherein electric charges are
collected to said electric charge accumulation region by
an electric field formed within said photo-electric con-
version element.

2. A solid-state image pickup device according to claim 1,
wherein said photo-electric conversion region within said
photo-electric conversion element and said electric charge
accumulation region have therebetween formed a potential
distribution such that potential is increased from said photo-
electric conversion region to said electric charge accumula-
tion region.

3. A solid-state image pickup device according to claim 2,
wherein said photo-electric conversion element has a poten-
tial distribution of which potential is increased from the
other surface of said substrate to one surface along the depth
direction of said substrate.

4. In a method of manufacturing a back-illuminated type
solid-state image pickup device in which a read circuit for
reading a signal from a photo-electric conversion element
formed on a substrate is formed on one surface of said
substrate, incident light being introduced into said back-
illuminated type solid-state image pickup device from the
other surface of said semiconductor substrate, a method of
manufacturing a solid-state image pickup device comprising
the steps of:
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forming a photo-electric conversion region under at least
a portion of said read circuit to generate electric
charges;

forming an electric charge accumulation region on said
photo-electric conversion element at its one surface
side of said substrate; and

collecting electric charges to said electric charge accu-
mulation region by an electric field formed within said
photo-electric conversion element.

5. A method of manufacturing a solid-state image pickup
device according to claim 4, wherein said photo-electric
conversion element has a potential distribution of which
potential is increased from the other surface of said substrate
to one surface along the depth direction of said substrate.

6. A method of manufacturing a solid-state image pickup
device according to claim 4, wherein said photo-electric
conversion element on the other side of said semiconductor
substrate of a semiconductor well region of said photo-
electric conversion element has a potential distribution of
which potential is increased from the other surface of said
semiconductor substrate to one surface of said semiconduc-
tor substrate.

7. In a method of manufacturing a solid-state image
pickup device including a semiconductor well region, a
method of manufacturing a solid-state image pickup device
according to claim 4, wherein said semiconductor well
region has a portion contacting with said photo-electric
conversion element, said portion having an impurity con-
centration which is decreased progressively or stepwise
from other surface of said semiconductor substrate to one
surface of said semiconductor substrate.

8. In a method of manufacturing a solid-state image
pickup device including a pixel separating region to separate
said photo-electric conversion element, a method of manu-
facturing a solid-state image pickup device according to
claim 4, wherein said pixel separating region has an impurity
concentration which is decreased progressively or stepwise
from the other surface of said semiconductor substrate to
one surface of said semiconductor substrate.

9. A method of manufacturing a solid-state image pickup
device according to claim 4, wherein said photo-electric
conversion portion and said electric charge accumulation
region within said photo-electric conversion element have
formed therebetween a potential distribution which is
increased from said photo-electric conversion portion to said
electric charge accumulation region.

10. A method of manufacturing a solid-state image pickup
device according to claim 4, wherein said photo-electric
conversion element has a potential distribution of which
potential is increased from the other surface of said substrate
to one surface in the substrate depth direction.

11. In a method of manufacturing a back-illuminated type
solid-state image pickup device in which a buried wiring
connected to a plurality of pixels is formed on one surface
of a semiconductor layer in which said plurality of pixels
containing a photo-electric conversion element and a field
effect transistor is formed, the other surface of said semi-
conductor layer serving as a light-receiving portion of said
photo-electric conversion element, a method of manufactur-
ing a solid-state image pickup device comprising the steps
of:
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step of forming a plurality of pixels containing said
photo-electric conversion element and said field-effect
transistor on one principal plane of a semiconductor
substrate;

step of forming buried wirings, connected to said
plurality of pixels, on one principal plane of said
semiconductor substrate;

step of bonding a supporting substrate to one principal
plane of said semiconductor substrate;

step of decreasing a thickness of said supporting sub-
strate from the opposite side of a bonding surface;

a step of forming penetrating wirings, which pass through
said supporting substrate, such that said penetrating
wirings are connected to said buried wirings; and

step of decreasing a thickness of said semiconductor
substrate from the other principal plane of said semi-
conductor substrate to provide said semiconductor
layer until said photo-electric conversion element
becomes able to receive light from the other principal
plane of said semiconductor substrate.

12. A method of manufacturing a solid-state image pickup
device according to claim 11, further comprising the step of
forming a projection electrode, projected from the surface of
said supporting substrate, on the surface of said penetrating
wirings after said penetrating wiring forming process.

13. A method of manufacturing a solid-state image pickup
device according to claim 11, wherein said semiconductor
substrate is an SOI (semiconductor on insulator) substrate
having a semiconductor layer formed on a principal sub-
strate through an insulating layer, said principal substrate
being removed in said process for decreasing the thickness
of said semiconductor substrate from the other principal
plane of said semiconductor substrate until said insulating
layer is exposed.

14. In a method of manufacturing a back-illuminated type
solid-state image pickup device in which buried wirings
connected to a plurality of pixels are formed on one plane of
a semiconductor layer on which said plurality of pixels
containing a photo-electric conversion element and a field-
effect transistor is formed, the other plane of said semicon-
ductor layer becoming a light-receiving surface of said
photo-electric conversion element, a method of manufactur-
ing a solid-state image pickup device comprising the steps
of:

a step of forming a plurality of pixels containing said
photo-electric conversion element and said field-effect
transistor on one principal plane of a semiconductor

substrate;

a step of forming buried wirings, which are connected to
said plurality of pixels, on one principal plane of said
semiconductor substrate;

step of forming a supporting substrate wiring which
reaches from the surface of one principal plane of a
supporting substrate to at least a predetermined depth;

step of bonding said one principal plane of said semi-
conductor substrate to one principal plane of said
supporting substrate;

step of decreasing a thickness of said semiconductor
substrate from other principal plane of said semicon-
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ductor substrate to provide said semiconductor layer
until said photo-electric conversion element becomes
able to receive light from the other principal plane of
said semiconductor substrate;

a step of forming a connection wiring to connect said
supporting substrate wiring and said buried wiring; and

a step of decreasing a thickness of said supporting sub-
strate from the other surface side of said supporting
substrate until said supporting substrate wiring is
exposed so that said supporting substrate wiring is
formed as a penetrating wiring which penetrates said
supporting substrate.

15. A method of manufacturing a solid-state image pickup
device according to claim 14, further comprising a step of
forming a projection electrode, projected from the surface of
said supporting substrate, on the surface of said penetrating
wiring after said process of forming said supporting sub-
strate wiring as said penetrating wiring.

16. A method of manufacturing a solid-state image pickup
device according to claim 14, wherein said semiconductor
substrate is an SOI substrate in which a semiconductor layer
is formed on a principal substrate through an insulating
layer, said principal substrate being removed until said
insulating film is exposed in said process of decreasing the
thickness of said semiconductor substrate from other prin-
cipal plane side of said semiconductor substrate.

17. A back-illuminated type solid-state image pickup
device comprising:

buried wirings connected to a plurality of pixels and a
penetrating wiring penetrated through a supporting
substrate so as to be connected to said buried wiring on
one plane of a semiconductor layer on which a plurality
of pixels containing a photo-electric conversion ele-
ment and a field-effect transistor is formed, wherein the
other plane of said semiconductor substrate becomes a
light-receiving plane of said photo-electric conversion
element.

18. In a camera including a back-illuminated type solid-
state image pickup device in which a read circuit for reading
a signal from a photo-electric conversion element formed on
a substrate is formed on one surface of said substrate,
incident light being introduced into said back-illuminated
type solid-state image pickup device from the other surface
of said semiconductor substrate, a camera comprising:

a photo-electric conversion region formed under at least a
portion of said read circuit to generate electric charges;
and

an electric charge accumulation region formed on said
photo-electric conversion element at its one surface
side of said substrate, wherein electric charges are
collected to said electric charge accumulation region by
an electric field formed within said photo-electric con-
version element.
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19. In a method of manufacturing a camera including a
back-illuminated type solid-state image pickup device in
which a read circuit for reading a signal from a photo-
electric conversion element formed on a substrate is formed
on one surface of said substrate, incident light being intro-
duced into said back-illuminated type solid-state image
pickup device from the other surface of said semiconductor
substrate, a method of manufacturing a camera comprising
the steps of:

forming a photo-electric conversion region under at least
a portion of said read circuit to generate electric
charges;

forming an electric charge accumulation region on said
photo-electric conversion element at its one surface
side of said substrate; and

collecting electric charges to said electric charge accu-
mulation region by an electric field formed within said
photo-electric conversion element.

20. In a method of manufacturing a camera including a
back-illuminated type solid-state image pickup device in
which a buried wiring connected to a plurality of pixels is
formed on one surface of a semiconductor layer in which
said plurality of pixels containing a photo-electric conver-
sion element and a field effect transistor is formed, the other
surface of said semiconductor layer serving as a light-
receiving portion of said photo-electric conversion element,
a method of manufacturing a camera comprising the steps
of:

a step of forming a plurality of pixels containing said
photo-electric conversion element and said field-effect
transistor on one principal plane of a semiconductor
substrate;

a step of forming buried wirings, connected to said
plurality of pixels, on one principal plane of said
semiconductor substrate;

a step of bonding a supporting substrate to one principal
plane of said semiconductor substrate;

a step of decreasing a thickness of said supporting sub-
strate from the opposite side of a bonding surface;

a step of forming penetrating wirings, which pass through
said supporting substrate, such that said penetrating
wirings are connected to said buried wirings; and

a step of decreasing a thickness of said semiconductor
substrate from the other principal plane of said semi-
conductor substrate to provide said semiconductor
layer until said photo-electric conversion element
becomes able to receive light from the other principal
plane of said semiconductor substrate.





