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(57) [Abstract] L
[Problem] The present invention provides a back- 18
illuminated solid-state imaging device wherein no color t)
mixing occurs even if a unit pixel is decreased in size and o i
wherein dark-current generation in an accumulation layer . 2
is suppressed and also provides a production method of } 2
this back-illuminated solid-state imaging device. 18 e
[Resolution Means] In a back-illuminated solid-state n” 13
imaging device 1 of the present invention, a photoelectric ‘/
conversion unit 3 of each pixel is formed on a I
semiconductor substrate; a charge storage region, in the | ) Y ]t
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photoelectric conversion unit 3, and a device that
performs a read operation of a signal charge are formed
on a front side of the semiconductor substrate; a back side
of the semiconductor substrate is the illuminated face; the
photoelectric conversion unit 3 of each pixel is surrounded
by accumulation layers, which are formed on both a
surface and back face of the semiconductor substrate 2
and are of a different conductivity type than the
photoelectric conversion unit 3, and a pixel separation
region of the same conductivity type as the accumulation
layers; and an impurity concentration of the accumulation
layers is set to 1x10%7 cm to 1x10'° cm™.
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[Scope of Patent Claims]
[Claim 1]

A back-illuminated solid-state imaging device, wherein

a photoelectric conversion unit of each pixel is formed on a semiconductor substrate;

a charge storage region, in the photoelectric conversion unit, and a device that performs a read
operation of a signal charge are formed on a front side of the semiconductor substrate;

a back side of the semiconductor substrate is the illuminated face;

the photoelectric conversion unit of each pixel is surrounded by accumulation layers, which are formed
on both a surface and back face of the semiconductor substrate and are of a different conductivity type
than the photoelectric conversion unit, and a pixel separation region of the same conductivity type as the
accumulation layers; and

an impurity concentration of the accumulation layers is set to 1x10"7 cm3 to 1x10"° cm=3.

[Claim 2]

The back-illuminated solid-state imaging device of claim 1, wherein

the back-side accumulation layer has a junction depth from the back face of the semiconductor
substrate of no greater than 0.4 ym.

[Claim 3]

The back-illuminated solid-state imaging device of claim 1, wherein

the pixel separation region has a width of no greater than 2 ym and an impurity concentration of no
less than 1x10'7 cm3.

[Claim 4]

The back-illuminated solid-state imaging device of claim 2, wherein

the pixel separation region has a width of no greater than 2 ym and an impurity concentration of no
less than 1x10'7 cm3.

[Claim 5]

A production method of a back-illuminated solid-state imaging device, comprising:

a step of forming a back-side accumulation layer whose impurity concentration is 1x10'7 cm= to 1x10°
cm and whose junction depth from a back face is no greater than 0.4 um by ion implantation from a back
side—the illuminated face—of a semiconductor substrate whereon a photoelectric conversion unit of each
pixel is formed; and

a step of activating the back-side accumulation layer by a laser light.

[Claim 6]

A production method of a back-illuminated solid-state imaging device, comprising:

a step of forming a back-side accumulation layer whose impurity concentration is 1x10'7 cm= to 1x10'°
cm and whose junction depth from a back face is no greater than 0.4 um by ion implantation from a back
side—the illuminated face—of a semiconductor substrate whereon a photoelectric conversion unit of each
pixel is formed; and

a step of activating the back-side accumulation layer by a heat treatment at a time of substrate affixing.
[Detailed Description of Invention]

[Field of Art]
[0001]

The present invention relates to a back-illuminated solid-state imaging device whereon light is incident
from a substrate back side and to a production method of this back-illuminated solid-state imaging device.
[Background Art]

[0002]

As solid-state imaging devices, CMOS solid-state imaging devices and CCD solid-state imaging
devices are known. For example, CMOS solid-state imaging devices form one pixel by a photodiode and a
plurality of MOS transistors and are configured by arranging a plurality of pixels in a required pattern. This
photodiode is a photoelectric transducer that generates and stores a signal charge according to a received
light amount, and the plurality of MOS transistors is devices for performing an operation of reading the
signal charge from the photodiode.

[0003]

FIG. 8 illustrates an example of a conventional back-illuminated CMOS solid-state imaging device
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as an image sensor. FIG. 8 illustrates main portions of a pixel. The following components are represented
in the unit pixel: a photodiode 53, a MOS transistor 54 that reads a signal charge from the photodiode 53,
and another MOS transistor 55. This back-illuminated CMOS solid-state imaging device 51 forms, on a
silicon semiconductor substrate 61 of a first conductivity type—for example, an n-type—a pixel separation
region 62 for dividing the pixels. The photodiode 53 and the plurality of MOS transistors—that is, the read
transistor 54 and the other MOS transistor 55—are formed in each divided pixel region, thereby configuring
a unit pixel 60. A large number of these pixels 60 is then arranged in a two-dimensional matrix.

[0004]

The pixel separation region 62 is formed by a p-type semiconductor region of a second conductivity
type having a relatively low impurity concentration from the front to the back of the substrate. The
photodiode 53 is formed by the n-type semiconductor substrate 61, which is surrounded by the p-type pixel
separation region 62 and by a relatively deep p-type semiconductor well region 63 formed by the MOS
transistors 54, 55. That is, the photodiode 53 is formed by an n- semiconductor region 61A and an n+
semiconductor region (n+ region) 61B of a high impurity concentration on a front side of the n-
semiconductor region 61A. This n+ region 61B is a charge storage region for storing, among electrons and
holes generated by photoelectric conversion in the photodiode 3, a charge to serve as a signal—in this
example, electrons. Moreover, a p+ semiconductor region 64 is formed on a surface of this n+
semiconductor region 61B.

[0005]

The MOS transistors 54, 55 are configured as follows. On a surface of the p-type semiconductor well
region 63, n-type source/drain regions (n+ regions) 57, 58, 59 of a high impurity concentration are formed
by ion implantation so as to be adjacent to the photodiode 53.

The read transistor 54 is constituted by the n-type source/drain region 57; the n+ region 61B, which
also serves as a front-side source/drain region of the photodiode 53; and a gate electrode formed, via a
gate insulating film, on a p- channel region 65 between the regions 57 and 61B. Moreover, the transistor
55 that is not the read transistor 54 is formed by the n-type source/drain regions 58 and 59, which form a
pair, and a gate electrode 67 formed, via a gate insulating film, on the p-type semiconductor well region 63
between the regions 58 and 59.

Moreover, a p+ accumulation layer 68 made of a p-type semiconductor region of a high impurity
concentration for suppressing dark-current generation is formed on the back-illuminated face of the n-type
semiconductor substrate 61.

[0006]

In this back-illuminated solid-state imaging device 51, light becomes incident on the photodiode 53 from
a back side of the semiconductor substrate 61. This undergoes photoelectric conversion in the photodiode
53, and a signal charge according to a received light amount is stored in the n+ region 61B. The signal
charge of the n+ region 61B is then read by a read operation of the MOS transistors 54, 55.

[0007]

Patent literature 1 discloses the back-illuminated solid-state imaging device described above (see patent
literature 1, FIG. 4).

[Patent Literature 1] JP 2003-31785 A

[Disclosure of Invention]

[Problem to Be Solved by Invention]

[0008]

Solid-state imaging devices need to narrow a pixel pitch between pixels in order to increase a pixel
count—that is, to decrease a unit-pixel size. In the above back-illuminated solid-state imaging device as
well, the pixel separation region tends to narrow as a unit-pixel size decreases. Because the pixel
separation region is provided so the charge photoelectrically converted in each unit pixel does not leak to
an adjacent pixel, narrowing this pixel separation region in conjunction with unit-pixel size reduction gives
rise to charge leakage into an adjacent pixel and causes color mixing. As such, this pixel separation region
cannot be simply narrowed.

Moreover, the semiconductor regions 64, 68 are formed on a surface and back face of the pixel, but
unless these are formed according to optimal concentration conditions, dark-current generation arising from
a
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silicon interface increases, worsening an image-quality S/N.
[0009]

In view of the above, the present invention provides a back-illuminated solid-state imaging device
wherein no color mixing occurs even if a unit pixel is decreased in size and wherein dark-current generation
in an accumulation layer is suppressed and also provides a production method of this back-illuminated
solid-state imaging device.

[Means for Solving Problem]
[0010]

In a back-illuminated solid-state imaging device of the present invention, a photoelectric conversion
unit of each pixel is formed on a semiconductor substrate; a charge storage region, in the photoelectric
conversion unit, and a device that performs a read operation of a signal charge are formed on a front side
of the semiconductor substrate; a back side of the semiconductor substrate is the illuminated face; the
photoelectric conversion unit of each pixel is surrounded by accumulation layers, which are formed on both
a surface and back face of the semiconductor substrate and are of a different conductivity type than the
photoelectric conversion unit, and a pixel separation region of the same conductivity type as the
accumulation layers; and an impurity concentration of the accumulation layers is set to 1x10"7 cm to
1x10' cm3.

[0011]

Preferably, the back-side accumulation layer has a junction depth from the back face of the
semiconductor substrate of no greater than 0.4 um. Preferably, the pixel separation region has a width of
no greater than 2 ym and an impurity concentration of no less than 1x10'7 cm-3.

[0012]

A production method of a back-illuminated solid-state imaging device of the present invention has: a
step of forming a back-side accumulation layer whose impurity concentration is 1x10'7 cm to 1x10"° cm-3
and whose junction depth from a back face is no greater than 0.4 ym by ion implantation from a back side—
the illuminated face—of a semiconductor substrate whereon a photoelectric conversion unit of each pixel
is formed; and a step of activating the back-side accumulation layer by a laser light.

[0013]

A production method of a back-illuminated solid-state imaging device of the present invention has: a
step of forming a back-side accumulation layer whose impurity concentration is 1x10'7 cm= to 1x10'% cm-3
and whose junction depth from a back face is no greater than 0.4 um by ion implantation from a back side—
the illuminated face—of a semiconductor substrate whereon a photoelectric conversion unit of each pixel
is formed; and a step of activating the back-side accumulation layer by a heat treatment at a time of
substrate affixing.

[Effects of Invention]
[0014]

According to the back-illuminated solid-state imaging device of the present invention, the photoelectric
conversion unit has a configuration of being surrounded by the front and back accumulation layers of the
conductivity type different than the photoelectric conversion unit and by the pixel separation region of the
same conductivity type. As such, a unit pixel can be decreased in size without causing color mixing.
Moreover, by providing the impurity concentration of the accumulation layers to be no less than 1x10'7 cm-
3, dark-current generation from an interface of the photoelectric conversion unit can be suppressed, and by
setting this to be no greater than 1x10'® cm3, crystallinity disruptions can be avoided. Therefore, a dark
current is low, and an image quality (S/N) can be improved.

By forming the back-side accumulation layer so the junction depth from the back face of the
semiconductor substrate is no greater than 0.4 ym, in imaging a color image, blue light having a short
wavelength can pass through the back-side accumulation layer, become incident on the photoelectric
conversion unit, and be photoelectrically converted. Therefore, blue-light sensitivity can be ensured, and a
color image of a favorable image quality can be obtained.

By forming the pixel separation region so its width is no greater than 2 ym and its impurity concentration
is no less than 1x10"7 cm-3, a pixel pitch can be further decreased in size while preventing diffusion of a
photoelectrically converted signal charge into an adjacent pixel—that is, while preventing color mixing.
[0015]

According to the production method of a back-illuminated solid-state imaging device of the present
invention, the back-side accumulation layer is formed by ion implantation from the back side—the
illuminated face—of the semiconductor substrate whereon the photoelectric conversion unit of each pixel
is
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formed. As such, a back-side accumulation layer having an impurity concentration of 1x10' cm to 1x10'® cm®
and a junction depth from the back face of no greater than 0.4 ym can be formed with precision.

When the ion-implanted accumulation layer is activated by the laser light, the accumulation layer can be
activated without adversely affecting other components. Moreover, when the ion-implanted accumulation layer
is activated by a heat treatment due to substrate affixing at a time of production, a separate activating step is
omitted, which can simplify the production process.

[Preferred Embodiments of Invention]
[0016]

Embodiments of the present invention are described below with reference to the drawings.
[0017]

FIG. 1 is a schematic configuration view illustrating one embodiment wherein a back-illuminated solid-state
imaging device of the present invention is applied as a back-illuminated CMOS solid-state imaging device.

A back-illuminated solid-state imaging device 1 of the present embodiment forms a pixel separation region
13, made of a semiconductor region of a second conductivity type, on a silicon semiconductor substrate 2 of a
first conductivity type. The back-illuminated solid-state imaging device 1 is configured by forming a photodiode
3, which serves as a photoelectric conversion unit, and devices for performing an operation of reading a signal
charge stored in this photodiode 3—that is, a required number of MOS transistors Tr—in each pixel region divided
by this pixel separation region 13. 20 is a unit pixel. The pixel separation region 13 is formed in a depth direction,
from a surface to a back face of the substrate 2. An accumulation layer (charge storage layer) 12 of the second
conductivity type for suppressing dark-current generation is formed at an interface of the photodiode 3 on a front
side of the semiconductor substrate 2. Likewise, an accumulation layer (charge storage layer) 15 of the second
conductivity type for suppressing dark-current generation is formed at an interface of the photodiode 3 on a back
side of the semiconductor substrate 2. The photodiode 3 of each pixel is surrounded by these front- and back-
side accumulation layers 12, 15 and left and right pixel separation regions 13.

[0018]

A gate electrode 8 of the MOS transistor Tr is formed on the surface of the substrate 2. Above the gate
electrode 8 and via an interlayer insulating film 26, a wiring region 24 wherein multiple wiring layers 24a are
provided is formed. Moreover, a support substrate 25 is formed above this wiring region 24. As the support
substrate 25, a substrate of any material can be used as long as a thin semiconductor substrate can be supported.
However, it is preferable to use, for example, a silicon substrate.

Meanwhile, an on-chip color filter 22 is formed, via an insulating protective film 17 or without the insulating
protective film 17, on the accumulation layer 15 on the back side of the semiconductor substrate 2, and on-chip
lenses 21 are formed on this color filter 22 so as to correspond to each pixel 20. In this CMOS back-illuminated
solid-state imaging device 1, light L is irradiated from the back of the substrate to the photodiode 3 through the
on-chip lens 21.

[0019]

Here, details of the back-illuminated CMOS solid-state imaging device 1 of the present invention are
described.

FIG. 2 is a sectional configuration view illustrating main portions of the unit pixel of the back-illuminated solid-
state imaging device of the present embodiment.

This embodiment is applied as a back-illuminated CMOS solid-state imaging device wherein a pixel region
and a pixel pitch are decreased in size. In the present embodiment, the pixel separation region 13, made of a
semiconductor region of the p-type—the second conductivity type—is formed so as to divide each pixel region
of the silicon semiconductor substrate 2, which is of the n-type—the first conductivity type. A width w2 of this
pixel separation region 13 is formed to be no greater than 2 ym. An impurity concentration of the p-type pixel
separation region 13 is no less than 1x10'” cm?. Here, the p-type pixel separation region 13 has its impurity
concentration set relative to the width w2 of the pixel separation region to prevent the signal charge generated
in the photodiode 3 from diffusing to the photodiode 3 of an adjacent pixel. That is, as the width w2 is narrowed,
the impurity concentration is raised. However, when the impurity concentration is raised too high, crystal defects
due to lattice distortion can no longer be ignored. As such, 1x10' ¢cm™ or less can be adopted as a practical
range of the impurity concentration. Because there is an upper limit to the impurity concentration because of
crystal defects due to lattice distortion, a lower limit of the width W2 is also restricted. The lower limit of the width
W2 is a value that prevents charge leakage into an adjacent pixel at an allowed impurity dosage whereat crystal
defects can be
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ignored.

When a distance w1 between the left and right pixel separation regions 13, which interpose the n-type
semiconductor region constituting the photodiode 3, is no greater than 10 ym—for example, 5 pm—an
effective width w3 of the photodiode 3 is w1-2w2. For example, if the width w2 of the pixel separation region
13 is 0.5 pym, the effective width w3 of the photodiode 3 is 4 ym.

[0020]

The photodiode 3 serving as the photoelectric conversion unit is formed by the n-type semiconductor
substrate 2 surrounded by the p-type pixel separation regions 13. The photodiode 3 is formed by an n-
semiconductor region 2a and by an n+ semiconductor region 2b of a high impurity concentration on a front
side of the n- semiconductor region 2a. A p-type semiconductor region 16 is formed on the surface of the
n semiconductor substrate 2 so as to extend to the p-type pixel separation region 13. Although not illustrated,
the MOS transistors are formed here. On the back side of the n-type semiconductor substrate 2, the back-
side p+ accumulation layer 15 that suppresses a dark current is formed. Moreover, on the front side of the
n-type semiconductor substrate 2, the front-side p+ accumulation layer 12 that suppresses a dark current
is formed. An impurity concentration of the front- and back-side p+ accumulation layers 12 and 15 is set to
1x10'7 cm3 or more and 1x10'® cm-2 or less. Moreover, the back-side accumulation layer 15 is formed so
a junction depth d1 from a back face is no greater than 0.4 um. A lower limit of this junction depth depends
on the impurity concentration of the accumulation layer 15 but is at least a value that can suppress dark-
current generation.

[0021]

According to the back-illuminated CMOS solid-state imaging device 1 of the present embodiment, the
photodiode 3 serving as the photoelectric conversion unit has a configuration of being surrounded by the
front and back p+ accumulation layers 12, 15 and the p-type pixel separation region 13. As such, the unit
pixel can be decreased in size without causing color mixing. By forming the back-side p+ accumulation
layer 15 at an effective depth wherein the junction depth d1 from the back face of the semiconductor
substrate is 0.4 ym, in imaging a color image, blue light having a short wavelength can pass through the
back-side p+ accumulation layer 15, become incident on the photodiode 3, and be photoelectrically
converted. Therefore, blue-light sensitivity can be ensured, and a color image of a favorable image quality
can be obtained.

By forming the p-type pixel separation region 13 so its width w2 is no greater than 2 ym and its impurity
concentration is no less than 1x10'7 cm-3, the pixel pitch—in FIG. 2, the width w1—can be decreased in
size while preventing diffusion of the photoelectrically converted signal charge into an adjacent pixel—that
is, while preventing color mixing. By making the impurity concentration of the back-side p+ accumulation
layer 15 no less than 1x10'7 cm3, a dark current can be suppressed. Moreover, by making this no greater
than 1x10'% cm-3, a crystallinity is not disrupted. Therefore, more dark-current suppression can be provided,
and an image quality (S/N) can be improved.

[0022]

FIG. 3 and FIG. 4 are process diagrams illustrating one embodiment of a production method of a pixel
portion of the back-illuminated solid-state imaging device 1 of the present invention.

As illustrated in FIG. 3A, an SOI substrate 30 made by stacking an n-type semiconductor layer 2
(corresponding to the semiconductor substrate 2 in FIG. 2) made of silicon on an n-type semiconductor
substrate 32 made of silicon, a silicon oxide film 31 being interposed therebetween, is prepared. In the
present example, a film thickness of the n-type semiconductor layer, which will later form the photodiode 3,
is no greater than 10 um, and an SOI substrate 30 whose overall thickness is 725 um is used.

[0023]

Next, as illustrated in FIG. 3B, the semiconductor layer 2 of the SOl substrate is thinned by, for example,
mechanical polishing and chemical etching alone or by chemical mechanical polishing (CMP). In one layer
in the SOI substrate 30—the n-type semiconductor layer 2—a photodiode 3 to serve as a pixel is formed.
This photodiode 3 is formed by the n-type semiconductor region 2a and the n+ semiconductor region 2b of
the high impurity concentration on the front side of the n-type semiconductor region 2a. Although not
illustrated, the pixel separation region 13 of the p-type that is the second conductivity type is formed by ion
implantation so as to surround the photodiode 3 to serve as a pixel. The width w2 of the pixel separation
region 13 in the present example is no greater than 2 pym. Although not illustrated, the front-side p+
accumulation layer 12 is
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formed by ion implantation and activated.
[0024]

Next, although not illustrated, the plurality of MOS transistors is formed in the p-type semiconductor
region formed on the front side of the n-type semiconductor layer 2 having the photodiode 3. Moreover, as
illustrated in FIG. 3C, the wiring region 24 is formed by stacking the wiring layers 24a, the interlayer
insulating film 26, and an insulating protective film (not illustrated) on the SOI substrate 30. For example,
as the MOS ftransistors, a read transistor, a reset transistor, an amp transistor, and a vertical selection
transistor are formed.

[0025]

Next, as illustrated in FIG. 3D, the support substrate 25 is affixed on the wiring region 24 at a low
temperature. The temperature whereat the support substrate 25 of the present example is affixed on the
wiring region 24 is no greater than 400°C because the affixing is performed after the wiring layer 24a is
formed. Moreover, as an adhesion method of the affixing, it is also possible to perform affixing by using a
silicon oxide film, and it is also possible to perform joining by using a thermoplastic resin, SOG (spin-on
glass), metal joining, or the like.

[0026]

Next, as illustrated in FIG. 3E, the substrate wherein the support substrate 25 is affixed to the wiring
region 25 is flipped upside down. Here, a configuration is such that the support substrate 25 is the bottom
layer and the wiring region 24, the n-type semiconductor substrate 2, the silicon oxide film 31, and the n-
type semiconductor substrate 32 are stacked in this order.

[0027]

Next, as illustrated in FIG. 4A, another layer in the SOI substrate 30 that is the top layer—the n-type
semiconductor substrate 32—is removed by mechanical polishing, chemical mechanical polishing (CMP),
an etching treatment, or the like. Next, the back-side p+ accumulation layer 15 is formed from the back side
by using ion implantation. At this time, ion implantation is performed in the p+ accumulation layer 15 so a
p-type impurity concentration is 110" cm= to 1x10'® cm. Moreover, by activating the back-side p+
accumulation layer 15 using a laser light, a p+ accumulation layer 15 of a junction depth of no greater than
0.4 uym is formed. Afterward, the silicon oxide film 31 is removed by etching. Alternatively, after removing
the silicon oxide film 31 by etching and forming a reflection-preventing film / protective film (not illustrated),
ion implantation and a laser light may be used to activate the back-side p+ accumulation layer 15.

[0028]

Next, as illustrated in FIG. 4B, by forming the color filter 22, the on-chip microlens 21, a reflection-
preventing film or an insulating protective film (not illustrated), an electrode pad (not illustrated), and the
like on a back-side pixel 20 region, the back-illuminated CMOS solid-state imaging device 1 is completed.
[0029]

According to the production method of the back-illuminated CMOS solid-state imaging device 1 of the
present embodiment, the back-illuminated CMOS solid-state imaging device illustrated in FIG. 1 and FIG.
2 wherein the pixel region and the pixel pitch are decreased in size can be produced. In particular, because
the photodiode 3 is formed, the p+ accumulation layer 15 is formed by ion implantation after the n-type
semiconductor substrate 32 is polished from the back side, and activation is performed using a laser light,
a back-side p+ accumulation layer 15 whose impurity concentration is no less than 1x10'” cm and whose
junction depth is no greater than 0.4 ym can be formed precisely and without significantly increasing a
number of processes.

[0030]

FIG. 5 and FIG. 6 are process diagrams illustrating another embodiment of a production method of the
pixel portion of the back-illuminated solid-state imaging device 1 of the present invention.
[0031]

As illustrated in FIG. 5A, the SOI substrate 30 made by stacking the n-type semiconductor layer 2
(corresponding to the semiconductor substrate 2 in FIG. 2) made of silicon on the n-type semiconductor
substrate 32 made of silicon, the silicon oxide film 31 being interposed therebetween, is prepared. In the
present example, a film thickness of the n-type semiconductor layer, which will later form the photodiode 3,
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is no greater than 10 ym, and an SOI substrate 30 whose overall thickness is 725 pm is used.
[0032]

Next, as illustrated in FIG. 5B, in one layer in the SOI substrate 30—the n-type semiconductor layer
2—the photodiode 3 to serve as a pixel is formed. This photodiode 3 is formed by the n-type semiconductor
region 2a and the n+ semiconductor region 2b of the high impurity concentration on the front side of the n-
type semiconductor region 2a. Although not illustrated, the pixel separation region 13 of the p-type that is
the second conductivity type is formed by ion implantation so as to surround the photodiode 3 to serve as
a pixel. The width w2 of the pixel separation region 13 in the present example is no greater than 2 ym.
Although not illustrated, the front-side p+ accumulation layer 12 is formed by ion implantation and activated.
By performing ion implantation on the face that will later be the back side, a p+ accumulation layer 15 whose
p-type impurity concentration is 1x1017 cm3 to 1x10'® cm3 and whose junction depth w2 from the back face
is no greater than 0.4 ym is formed.

[0033]

Next, as illustrated in FIG. 5C, a first support substrate 35 having a silicon oxide film 36 is affixed at a
high temperature on the semiconductor layer 2 having the p+ accumulation layer 15 that will later be the
back side. The p+ accumulation layer 15 is activated by a heat treatment at a time of this affixing.

[0034]

Next, as illustrated in FIG. 5D, the entire substrate is flipped so the first support substrate 35 is the
bottom layer and the other layer in the SOI substrate 30—the n-type semiconductor substrate 32—is the
top layer.

[0035]

Next, as illustrated in FIG. 5E, the other layer in the SOI substrate 30—the n-type semiconductor
substrate 32—and the silicon oxide film 31 are peeled off, leaving the n-type semiconductor layer 2 wherein
the photodiode 3 is formed and the first support substrate 35. By performing polishing, chemical mechanical
polishing (CMP), and a wet-etching treatment on the surface of the n-type semiconductor layer 2 that is the
front side, the n-type semiconductor substrate 2 is formed to a required thickness.

[0036]

Next, the plurality of MOS transistors is formed in the p-type semiconductor region formed on the
surface of the n-type semiconductor layer 2 having the photodiode 3. Moreover, as illustrated in FIG. 5F,
the wiring region 24 is formed by stacking the wiring layers 24a, the interlayer insulating film 26, and a
protective film (not illustrated) on the semiconductor layer 2. As the MOS transistors, for example, a read
transistor, a reset transistor, an amp transistor, and a vertical selection transistor are formed.

[0037]

Next, as illustrated in FIG. 6A, a second support substrate 25 having a silicon oxide film 28 to serve as
an adhesive layer is affixed at a low temperature on the wiring region 24. The temperature whereat the
support substrate 25 of the present example is affixed on the wiring region 24 is no greater than 400°C
because the affixing is performed after the wiring layer 24a is formed. Moreover, as an adhesion method
of the affixing, as above, it is also possible to perform affixing by using a silicon oxide film, and it is also
possible to perform joining by using a thermoplastic resin, SOG (spin-on glass), metal joining, or the like.
[0038]

Next, as illustrated in FIG. 6B, the substrate is flipped so the first support substrate 35 is the top layer
and the second support substrate 25 is the bottom layer. Here, starting from the bottom layer, the stacking
is in an order of the second support substrate 25, the wiring region 24, the n-type semiconductor substrate
2, and the first support substrate 35.

[0039]

Next, as illustrated in FIG. 6C, the first support substrate 35 having the silicon oxide film 36 is peeled
off. Moreover, by subjecting the back-side n-type semiconductor layer 2 to polishing, chemical mechanical
polishing (CMP), and wet etching, a required thickness of the n-type semiconductor layer 2 is formed.
[0040]

Next, as illustrated in FIG. 6D, a reflection-preventing film 37, an electrode pad (not illustrated), the
color filter 22, the on-chip microlens 21, and the like are formed, thereby completing the back-illuminated
solid-state imaging device 1.

[0041]
According to the production method of the back-illuminated solid-state imaging device 1 of the present
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embodiment, the back-illuminated CMOS solid-state imaging device illustrated in FIG. 1 and FIG. 2 wherein
the pixel region and the pixel pitch are decreased in size can be produced. In particular, because the
photodiode 3 is formed, the p+ accumulation layer 15 is formed by ion implantation after the n-type
semiconductor substrate 32 is polished from the back side, and activation is performed by a heat treatment
of affixing the substrate, a back-side p+ accumulation layer 15 whose impurity concentration is no less than
1x10'7 cm and whose junction depth is no greater than 0.4 um can be formed precisely and without adding
a process only for activation.

[0042]

In the above example, the present invention is applied as a CMOS solid-state imaging device. However,
in addition to this, the present invention can also be applied as a back-illuminated CCD solid-state imaging
device wherein a charge storage region of a photodiode, which serves as a photoelectric conversion unit,
and a vertical transfer register are formed on a substrate front side; a support substrate is affixed on a
frontmost side; and an accumulation layer is had on a back-side interface of the photodiode facing a
substrate back face.

[0043]

In the present invention, an electronic-device module or a camera module can be configured by
incorporating the above back-illuminated semiconductor device 1.

FIG. 7 is a configuration view of one embodiment of an electronic-device module or camera module of
the present invention.

In an electronic-device module or camera module 40 of the present embodiment, the module is formed
by incorporating into one module the back-illuminated solid-state imaging device 1 (or 35 or a combination
of both), an optical lens system 41, an input/output unit 42, a signal processing device (digital signal
processor) 43, and a central processing device (CPU) 44 for controlling the optical lens system. Moreover,
as an electronic-device module or camera module 45, a module can be formed by the back-illuminated
solid-state imaging device 1, the optical lens system 41, and the input/output unit 42 alone. An electronic-
device module or camera module 46 provided with the back-illuminated solid-state imaging device 1, the
optical lens system 41, the input/output unit 42, and the signal processing device (digital signal processor)
43 can be configured.

[Brief Description of Drawings]

[0044]

[FIG. 1] A configuration view illustrating one embodiment of a back-illuminated solid-state imaging device
of the present invention.

[FIG. 2] A sectional view illustrating main portions of the back-illuminated solid-state imaging device of the
present invention.

[FIG. 3] A to E: Sectional views illustrating one embodiment of a production method of the back-illuminated
solid-state imaging device of the present invention (part 1).

[FIG. 4] A to B: Sectional views illustrating one embodiment of a production method of the back-illuminated
solid-state imaging device of the present invention (part 2).

[FIG. 5] A to F: Sectional views illustrating another embodiment of a production method of the back-
illuminated solid-state imaging device of the present invention (part 1).

[FIG. 6] A to D: Sectional views illustrating another embodiment of a production method of the back-
illuminated solid-state imaging device of the present invention (part 2).

[FIG. 7] A configuration view of an electronic-device module using the back-illuminated solid-state imaging
device of the present invention.

[FIG. 8] A configuration view illustrating a conventional back-illuminated solid-state imaging device.
[Description of Reference Signs]

[0045]

1 ... back-illuminated solid-state imaging device; 2 ... semiconductor substrate; 3 ... photodiode; 8 ... gate
electrode; 13 ... pixel separation region; 12, 15 ... p+ accumulation layer; 16 ... p-type semiconductor well
region; 17 ... insulating protective film; 20 ... unit pixel; 21 ... on-chip lens; 22 ... on-chip color filter; 24 ...
wiring region; 24a ... wiring layer; 25, 35 ... support substrate; 26 ... interlayer insulating film; 30 ... SOI
substrate; 28, 31, 36 ... silicon oxide film; 32 ... n-type semiconductor substrate; 51 ... back-illuminated
solid-state imaging device; 53 ... photodiode; 54 ... read transistor; 55 ... MOS transistor; 57, 58, 59 ... drain
region (n+ region); 60 ... unit pixel; 61 ... n-type silicon semiconductor substrate; 61A ... n semiconductor
region (region); 61B ...
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n+ semiconductor region (n+ region); 62 ... pixel separation region; 64 ... p+ accumulation layer (charge
storage layer); 65 ... p- channel region; 67 ... gate electrode; 68 ... p+ accumulation layer
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MOSPIYIYRADEREIND, nBPEAAER 2 O Himflc, WEREZME T 2 EbE
Mop+7Fallb—varBElolERKEnNs, £z, nBPEEEKILK 2 O X mHlic,
WERZOH I 2ERMUMOp +7Fa2aLlb—YaVEl2AEREINS, CoXmll XU
HEMOp+7FaLl—arEl2R G150, AMWEREE., 1x10" 7 cm~
PHE1x10"? cm” PHUTICEEENS, £/, BHM7F2LL—v3arE15
B, HEALLOEERETAd 1IN0, 4 pmMAdFPEeR2E5ECERENS, COBBBERTOD
THRIEF. 7F2LLb—YarvEl 50 MMYEBERECE>TEDLIZN DRI LEEERDR
ErMHlTcERMBEET B,

(0021]

AEMOEHMBH L CMO SEHUARBET 1ICINIE, ABEBLMBELERZ T+ b XA A4
—R3PXEEHDOp +7Falll—vav@l2, 15 pBEESEFER1 3 THEN
T TH20T, BROEZHESEZ LA HMBEBRZMMILTZ I ENTED, HH
Mp+7Falbb—yarvElsz, YEUREKOERIMALOESGHRET A 1IMH0. 4 pm
DEMPEESTERTZLICKD, AT—EHBOBRBICEWVWT., EEDOEWE Z X mll
p+F7Fa Ll —YaYE1ILSZBEMRMLT T PEAL—RIKCAFHIHNLELBLIES
TENTED, Mo T, HBRICHITIEREZEMRTSZILENTE, BHOI VAT —HE
NELENS,

p R ESEEK 1 32, TORwW2A2 pumU FTHODRMYEENL x10" 7 ¢
m- P L ECUTHEKRTRCEICKD, HNELBRINKLIESEMNOBEEHENAOLHZ
kLoD, 9abbiEazlEOD, BALEYyF, M2 TREwW 1 Otz C &
NT&E2, BHHRMOp+7Fall—yaryEls5oRMyEEN1Ix10" " cm™ ?®
DEEgaclicky, BERZMMIZCLENTE, €511 x10" % cm™ P LT
Edsclicky., Rt rELI AR, LEN-> T, IOBEMRZME L, mE (
S/N) ZRLTBHILMHTZT5,

(0022]

B3MUOMAE., ARWAICHES EHBHAEERGE T 1 OBERH D OEHIED X
fEOFEREZRT LEKTH 5.

M3AWKRT KWK, YVaryhroxsdnBPEREKRI 2 LIy aryBEgEE3 1%
ATty arhbhsn K2 (M2 EEEK2ICHYT ) 2RBELTA
SOTRENR3IOZMET S, AT, BICT A MEAF—R3ZBKRT % n M E (K
EBOBEZ10pmMUFeELlL, COLEKDEETZT25 umeéLESOTIEK3IOZTL
%

(002 3]

RICK 3 BIC/ART XS, SO EMRDPEEKE 2 O E B Z F] 2 1 B oS & 3l
WKEXZ2TZYF T DHTITI. FRREMLAHIEBAME (CMP) Ti75, SOT A3
0D - HFOnBYEKFE2ICHAEERD T+ VA AL —R3IZEXNT S, TDT + b
AL —=FR3WF, nBPEEKEHK2 abZ0XHMOEAMYWEEOn +FEMAMEB 2 b
LXK EINE, IRET2E, H2HEUDO pMOBMBETEEMEK 1 3. 71421
ACKODEZBELHEDZ T4 MR AT —F3ZHMOXIICIEKT S, ARG OMEESEEEE1 3
DiFw2id, 2pymUFed3, MREE28, ZHMp+7Fall—varvgl 2z
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A VEATERL., EHEALEZITS,

{002 4]

RICKEREETZ2E T XA —F3ZzALEn R EKRKB2OEXRTMICEKR L 2z p B
FEAEBIC, HBEOMOS P VIR A2ZBKT %5, EHICK3CIERT LI, SO
I EMHR 30 LICH#ME2 4a, BRIKEK?2 6 MUHBHEER (RRET) ZRET S C
CTCRBMEEK 2 42 EKRT %, Mz, TOMOS MY Y RAZELTI., #AHLES
VIUVAR, VY P NI UIVRE, TUT I VI AXKUCEEERKINT VYV XX EEK
T3,

(0025]

R, M3DIWRIT EHIc, BMEHK2 4 FIicZHENK2 5 #2KECTHLADE S,
AFIOZFER 2 5 ZBMEK2 4 FIclivAabEIZWMEEF. KME24aZERLE
KO Db 272HDA400CUTFRTHD, i, MivHabEIZEEHEELTE., ¥V O
Vb2 WO ADE R LETE, SHIWCATMEMEGA. S OG(Spin On Glass
). EEEAREZHVWTESETZCLETE S,

{00261

RICK3EIK/ART I, IAMEEK2 s IcXFER2 5Z2M0ADERERE E TR
TEE, COLBALRHEREK2 N FEICAD, MBREN2 4, nBPpEEKEK2, >V O
VEEAEIE 3 1 R U n BCPEAEK I 2NIHICHEINEHEKE RS,

(0027]

RIS 4 Al RT I, EEEXRZSOTREMKI0ODM SO n B pEEKENR 3 2 & KK
AT, (L2 EMAFE (CMP) . T F Y UHMALICEIOBRET S, XWVT,
HEMEIOAAYEAZHOCTEBM p+7 Fa2Lb—yarvEl152FBKT 2, TOL
Ep+7FaLlLl—varEls5icid, AAYEALTpEARMYEEZI x10" " ¢
m-*~1x10"%cm”®¢di, EHlc., L—PREZHOTEEGB MO p+7 F 2L
L—yavYE1 52N eickd, HAREIH0. 4 umUAFOp+7FaLl
—YavE1I5ZERT S, TDOH., PUVAVEIKLKI 12Ty F U IBRET S, £ LK
GV avEbtE3 1 2y FUUBREAEL. KEMHIEBEFMAER (KRRET) ZEKE.
AXVEA, L= EHOTEH WO p+T7 FaLlb—aryEISEEEELTER
Vo
{00238]

RICK4BlZRT LI, BEmlomzE2 0K LR, h9—T 0V Ex—=22, FVF
wIRA LY X211, KEHIEEE, ¢ LLZHEARER (KRET) . By K (
Mred) F2Bmd s & TCHERMMBBAHUCMO SEKRBET 1 NTERT %,
(00291

AREMOERBHECMO SEHEARBEF 1 OoBEHEKINE., M1 KUK 2ICRT
W FEBEE, MREEYy FOAYMEENcEGRHE U CMO SEAKGETFZHIET 2 &N
T&E5%, Flc, 74 A AA—F3 2L, EHEMIO n RPEAER I3 2 Z0HEL -
BlICAAVYEARLTp+7Falblb—varvEl 5ZERL, L—YRICTHEMEILT S
LoIN
R n1x10" " cm™ P UET, BAEESHO. 4 pm FOEGM p + 7 F
aLlb—vavE1l5ZEI. PORIBICTEHZESI LR, BERT B
TE 5%,

[0030]

B 5 KUK 6. RFEHICIR 2 HEm SR E ARG ET 1 Ol 0 %S5 %O Mo
KO EZRT TEMNTH %,

003 1]

K5AKRRKRTKIIK, YVarhrokxsanBYEkERI 2 ey aryBEEE3 1%
ATy ARSI EAKE2 (20 EAERER2ICHYSYT ) ZFEL Tk
5ZSOTRHKI0OEZMET S, AT, BICT 4+ X A4 —R3EFKRT % n M pEk
EOWEZ 1 OpmdlFel, COLKDEETZT7 25 umblLSOTIHEHEKR3IOOZHW
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%o

{003 2]

RICK5BICARTEIIE, SOTEMRIODIE —~HFOnB ERFE2ICHELERZ T
4+ P XAFT—FR3ZWKT S, TOTF X AA—FR3F, nBPEKEH2 abZTOE
W OE AR BEEOn +LEEREEK 2 bICXDIEREINS, IRET3 S, 2 EHE
MO pHOBHEEHEN 1 3, A AVEARRIIEFRLEEZ 7+ A A A —F3EHT
KIORIERT %, Al OWMBELEHEE 1 3OEw2F, 2pumUFET 3, NREIT3L
CEEWMp+TFaLlb—YarvEL2EAFTVIEATERL, EHELEET S, BIC
HEMEABmIcAAYEATEZET, pMUAMMEE 1x10" 7 cm ° ~1x
10" cm™ P CHOHUALDHEAESW2HO0. 4 pmUAFDp+7 Fa Ll —v
aVE15%2EKRT %,

{003 3]

RICK S5 CleRT &I, OBICHEEMERZ p+T7 Falll—YaryEl152HT3%
FERE2 LIV aYBEBE3 62T A2H 1 OLHEKRI S ZHRBICTHOEDYES
s COHOLEDLDEROAWUM TCp+ 7 Fallb—arEl5EEEIET S,

[003 4]

RICKS5DIKARTEIIC, B1OLFHFHEKI SN FEIC, SOTHKI3 0D D n Al
FEAREKI 2N EBICASZ XS CHEKEKRERET %,

{003 5]

RICKS5 EIC/RT KO, 7 A AA—F3DBERINan B PERE2 L1 OX
FEMW3sZE LT, SOTLERIOODS B /fonMPEAFERI 2& 2V 0 ELE
31 2HEET 2, M2 nBYEEFE2OXRMEIE., LXEMUIE (CMP) K&
Uy by FUIUHEITSTET, nBMPERAR 2 ZHEOREICEKT %,
{00361

RIWC, 74 M EAA—F3Z2FLn B EEAKE2 OERMICE LU 2 p B8 K6

EBOMOS PO UVVAREERT B, THIWIKCKS FIIRT KD, FEMKE2 Eick
MiE 2 4 a, EREMEEKE2 6 RUCHRER (KRET) ZHEIT S & TRMREEK2 4 2F
Kd B, TOMOS P YIYRARAELTWE., HlzaE. AHAHLETYIYZXE, Uty bk
SUIVARE, TYT NI UIVRAAKRUCEEERN T VIV AXZIERT %,
{003 7]
RICK 6 AR T LK, IREEK2 4 hFicEEEEARE YV aVBbtR2 82 HFT %
2OXFFHW2 5 ZMMBICTHIOADES, AFOZFRFEK2 5 ZEREM2 4 LIl
BHLEI2WEE. KBME2 4 aZBRLERBRICHEOEDESZDHDL400CUTTH B,
. MivAbEIZESEFEELTE, EROXS Sy arvgkEErH Tl &b
T TE, LKA MMEEIE. S OG(Spin On Glass), &EBEAKEZ AWV TH#
BT BHELETES,

[0038]

RICK 6 BIZCARTEIIC, H1OLFHEHWKISMNEE, F20XRFEMK2 58 FE X
DZE2KCHENEZNIEIE S, COHRA. TELPSOHE2OZFFEKRK?2 5. BHEEM2 4. n
BIEAEK 2, B1OLXFHERERISDIFEICHBEIATWVL S,

[0039]

RICK6 CICRT X, YVaAVBEEBE3I 62T HHE 1 OLFFHMI 5 2HEEL T
LI HEmMO n MEEAE 2 2B, LFEEMFE (CMP) [\ YyZv by F TS
TEH5ILT. MEOnMYEAKE2OREIICERT %,

{00 40]

RICK 6 DIC/RT LS, KHEBIEWEI 7, EMAy F (KR¥EFT) . W53 —T7 1 )b &
— 22, FAVFvIRAIBLYA2 1 EFZRRT S THEBBHYUEARGERE T 1H
T B
004 1]

AEMOEmBHHERRGET 1 OoBE T HEICEINE. K1 KTK 2 IR 28

N MW S W
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VEHZREYy FAMMAE I N EH RS CMO SEHAKBEGETZMETZ LN TZ S,
KR, 74 P A AA—F3ZBRL, BEHMIO n RPEAREKRI 2ZHELLLKICAA
VEARKTCp+ 7 Falblb—yarvElbszER., ERzI0&bE 2 HMMHICTHEMEL
THEH, RAmEESA1x10" " cm PHUET, HAEIHO0. 4 pmU TFTOHERE
Wp+7Fallb—varYE15ZHKEXIS, POERLOLOIZTOBEMLELRLICE
Ke BT ENTE S,

004 2]

EBITE, AFHZCMO SEKRRGETFICHEMA LA, T oM, B EmiicEs
LB 74 P A AA—FOEBMEBE[MBAB M T EEGEEL I AZDEHRE N, Xl
KXFEBRPMOADEIN, BEREFm IHET 7+ P A A X - FOERBMMmICT F2 L L
—YaVEZALEHR BN EOCCDERKKBRETFICELHEMITSZILENTE S,
[004 3]

ARFEWPWE, LA L -HEEHS L ERRF 1 ZHABAATETIFRBE 2 -V, h AT
EVa— VMR T EZIENTE S,

P73, ARPFICHLI2EBFBRBEET 2 — )b, BATEY 22— )LD —Ffi DK EORKKX
Th b,

AREMMOBTHBEY 2 —bH20VIE. BATEY 2a—)b 4 0&. =i g5 E KRG
F7r1 (FB335FREChb0llAGDLE) | HELYXR4 1., AtBAHE4 2., B
SALPELEE (Digital Signal Processors) 4 3. JE% L ¥ XK A O g B AL E (
CPU) 44%F 1 DIKMARAATEY 2a—VEEKRT S, ., EFHEBEY2a—IV, &
Z20VREAATEYa—)V45 L TR, BEHRHSMUEAEGRETFL. LFEL Y XR4 1K
CAHMNEHE 4 20ARTEYa— IV EEKT R TE2, EHBHUEAKRSEBRE 1.
NP LY AHR4 1. AMNE 42T ESUHLEE (Digital Signal Processors) 4 3
ZHATZBTHBEY 22— VB2V EHAATEY2a— V46 ZHMKNTEZLENTES,
(X 1 o i B 7% 3 B )

[004 4]

(X 1] ARFEHICHEZ ZHEEGHEARBRGEGRETO - KBOREZ RIHBKXTDH S,
(K2]) ARFEHICHEZ EmEFGHUEARGETOESZRIWHEXTD %,

(K3] A~E ARWHICKHEZ EHBRPUEKRGREFORGE T EDO - HEOREEZRT
WMmMThHs (ZD1) .

(K4] A~B ARWHICKHEZ EHBRNUEKRGREFOREHEDO - HEEOREEZRT
WmMThHs (ZD2) .

(K5] A~F AFEHICHR 2 2 im 48 E ki G R 7 0 RGE 75 % O Mo % i IR Z R
THmHXTHS (ZD1) .

(X 61 A~D AJEWIC 2 2 G5 A 3R 53R+ O 88 )5 % o o 22 i O JE R 7% R
TN THE (ZTD2) .

(K 7] AFEHICHEZ BmBRHFHEAREGRETFZHVLI2EFEBEEI 2 - VOBKKTDH

2

(X 8) IRDHEmMMHEMEARGRTFZ RI MK TDH 3,

(775 O Fi ]

[0045]

1 - - BERSHEARGBREF. 2 - - FEEEKR, 3+ -T2 AF—F, 8- -7
— hEM, 13- -WHEEEHEK., 12, 15+ - p+T7Fall—rarE., 16 -
pRIERY VK. 17 - - MaRIRER., 20 - - HAWE, 21 - - A F T L

VR, 22 X VFOTHT—=T VR, 24 - - WIEK., 24a - - BHEE. 25
35« « ZHHEMK., 26 - - HHMEHEE, 30 -SOT1HWHK., 28, 31, 36 - -
U aVEEEB, 32 - - nAPEEARER, 51 ¢ - EEBEHAEAKRESETS. 53 - -
T4 " XA A=K, 54 ¢« - FHAH LTI RXE, 55+« - MOS KTV IYAE, 57
58. 59« FLAVHEE (n+8EE) . 60, HAWME, 61 - - nBoO¥)av
AR, 61 A - - nPEAGEE (HE) . 6 1B+ - on +FEKBEBM (n + B
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V62 cHESEMEK. 64 - p+TFaLl—varvE (BHMEBEME) . 65
p—F v x)VEE, 67 - S —FEMWM, 68 - p+T7Fall—TaVE

(X 1] (2]
1
wi N
16 12
( (
25 ) 7
P nt* ~ p”
\Zb}
%
~—} —T2a
13T~
n- 4 13
1 ot ¢d1
) S
N S <2, le 3 w3 w2
'y h 4 i:713
B 2 ]
// // ~— 15
TP NN v

22 21
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