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layer 1s formed inside the single crystal silicon layer by 1on
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a photodiode 1s formed 1n the single crystal silicon layer. An
interconnect layer 1s formed on a surface of the single crystal
silicon layer which 1s opposite to the silicon oxide layer.
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MANUFACTURING METHOD OF
SOLID-STATE IMAGE SENSOR

Matter enclosed in heavy brackets [ ] appears in the -
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding. 10

CROSS-REFERENCE TO RELATED
APPLICATION

[This application is a Divisional of application Ser. No. 15
13/220,079, filed Aug. 29, 2011, which 1s a continuation of
PC'T International Application PCT/JP2009/0053509, filed on
Oct. 21, 2009, which 1n turn claims benefit of Japanese
Patent Application No. 2009-066877, filed on Mar. 18, 2009,
the entire contents of each of which are incorporated herein 20
by reference.] This application is a Reissue of U.S. patent

application Ser. No. 14/061,750, filed on Oct. 23, 2013 now
U.S. Pat. No. 9,018,031, which is a divisional application of
U.S. patent application Ser. No. 13/220,079, filed on Aug.
29, 2011, which is a continuation of PCT International 25
Application PC1/JP2009/005509, filed on Oct. 21, 2009,
which in turn claims benefit of Japanese Patent Application
No. 2009-066877, filed on Mar. 18, 2009, the entive contents

of each of which are incorporated hervein by reference.
30

BACKGROUND

The present disclosure relates to solid-state image sensors
and manufacturing methods of the sensors, and more par-
ticularly to solid-state 1mage sensors using silicon-on-insu- 35
lator (SOI) substrates and manufacturing methods of the
SEeNnsors.

Solid-state 1image sensors such as charge coupled devices
(CCDs), CMOS 1mage sensors, etc., are generally used for
digital cameras, video cameras, etc. In recent years, with an 40
improvement in solid-state image sensors, high-definition
images can be obtained by a solid-state 1mage sensor with
highly dense pixels.

A conventional solid-state image sensor includes a trans-
fer gate, a photoelectric conversion element, a MOS tran- 45
sistor, various interconnects, etc. on a semiconductor sub-
strate. However, a light-receiving region of a photoelectric
conversion element needs to be provided avoiding the
transier gate, the MOS ftransistor, the interconnects, eftc.
There 1s thus the problem that the aperture ratio of the 50
light-receiving region reduces with a reduced pixel size due
to reduction in the area of the semiconductor substrate and
an increase in the number of pixels.

Thus, 1n recent years, increasing attention has been given
to a solid-state 1mage sensor of back surface irradiation 55
including a transfer gate, a MOS transistors, and an inter-
connect layer on a first (front) surface of a semiconductor
substrate, and a photoelectric conversion element on a
second (back) surface so that the back surface serves as a
light-receiving region. 60

A substrate of a solid-state 1image sensor of back surface
irradiation needs to be thinned to a thickness of 3-10 um. As
a means of thinning, polishing or etching of a conventional
silicon substrate from a back surface i1s considered, but the
means 1s less controllable 1n uniformly reducing the thick- 65
ness of an 1mtial substrate, which 1s usually 500 um, to 10
um or less.

2

For example, Japanese Translation of PCT International
Application No. 2008-514011 shows a manufacturing
method of a solid-state 1mage sensor of back surface irra-
diation using an SOI wafer including a single crystal silicon
layer on a silicon oxide layer.

In the manufacturing method shown in Japanese Trans-

lation of PCT International Application No. 2008-514011,
the SOI water including the silicon oxide layer formed on a
base waler, and the single crystal silicon layer formed on the
silicon oxide layer 1s used. The method includes forming a
photoelectric conversion element on the single crystal sili-
con layer with a light-receiving section facing the silicon
oxide layer of the single crystal silicon layer, forming an
interconnect layer on a surface of the single crystal silicon
layer which 1s opposite to the surface closer to the silicon
oxide layer, and selectively removing the base waler under
the silicon oxide layer.

As representative manufacturing methods of an SOI
waler, roughly two types of separation by implanted oxygen
(SIMOX) and bonding are known. The SIMOX 1s a manu-
facturing method of an SOI watler utilizing the feature that
a silicon oxide layer 1s formed 1nside a silicon substrate and
a recrystallized silicon layer 1s formed near the surface of the
s1licon substrate by 1on-implanting highly concentrated oxy-
gen 1into the silicon substrate with highly accelerated energy
and performing heat treatment. This method accurately
controls the depth for ion implantation, thereby providing
excellent uniformity of the thickness of the recrystallized
silicon layer formed near the surface of the silicon substrate.
However, a non-single crystal silicon oxide layer occurs 1n
the heat treatment, and the recrystallized silicon layer 1s
formed on the non-single crystal silicon oxide layer, thereby
causing a large number of crystal defects in the recrystal-
lized silicon layer. Although considerable efforts have been
made to reduce the crystal defects, the problem is not yet
overcome, since the mechanism of occurrence of the defects
1s 1ntrinsic. The defects are considered difficult to overcome
in the future.

Then, wafer bonding was suggested. A Unibond tech-
nique (Smart Cut (registered trademark)) 1s practically the
current mainstream.

In the Umbond technique, a silicon oxide film 1s formed
on the surface of a silicon substrate, hydrogen ions are
implanted via the formed silicon oxide film, and then the
silicon oxide film of the silicon substrate 1s bonded to a base
waler (supporting substrate). Alfter that, heat treatment 1s
performed and the silicon substrate 1s separated i1n the
implanted position, thereby providing a method (hydrogen
ion 1mplantation separation) of forming an SOI water. This
technique 1s shown 1n, e.g., Japanese Patent No. 2959704, or
Japanese Patent No. 3385972.

As the method of separating the hydrogen 1ons, a silicon
oxide film 1s formed on at least one of two silicon wafers.
Hydrogen 1ons or noble gas 1ons are implanted from above
a first silicon wafer, thereby forming a defect layer (a sealing
layer) inside the silicon water. Then, the silicon wafer 1s
adhered to the other silicon water via the silicon oxide film
and heat treatment (separation heat treatment) 1s performed
to separate one of the waters to be a thin film using the defect
layer as a surface to be cleaved (surface to be separated).
With further heat treatment (bonding heat treatment) is
performed to strengthen the bonding, thereby forming an
SOI water.

SUMMARY

A silicon water used 1n manufacturing an SOI water 1s
usually formed by Czochralski (CZ) growth. In the CZ
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growth, massive polycrystalline silicon 1s put into a crucible
made of quartz and melted by resistance heating in an argon
atmosphere. A silicon ingot comes nto contact with single
crystal silicon as a seed and 1s pulled up while gradually
rotating to manufacture the silicon ingot. The resistivity of
s1licon 1s controlled by the concentration of a dopant, but the
resistivity in the axial direction and the in-plane direction 1s
difficult to uniform. Variations 1n concentric resistivity,
oxygen concentration, etc. caused by the pull-up of the
silicon water produced by the CZ growth are referred to as
“swirls.” FIG. 9 1s a schematic view of a swirl representing
the magnitude of resistivity by concentration. Even with
such a problem, single crystals can be formed with a great
opening size ol 300 mm or more depending on a pull-up
machine, and thus, waters with a great opening size used in

manufacture of semiconductors in recent years are all pro-
duced by the CZ growth.

SOI wafers manufactured by hydrogen ion implantation
separation using silicon wafers produced by the CZ growth
are 1n practical use mainly in logic LSI manufactures. In
usually manufactured SOI wafers, variations 1n resistivity
caused by the CZ growth are not problematic.

A manufacturing method of a solid-state 1image sensor of
back surface irradiation using an SOI water, which 1s formed
by hydrogen 1on implantation separation using a silicon
waler produced by CZ growth as a matenial, will be
described below.

FIGS. 10A-10E and 11 A-11E are cross-sectional views
illustrating a manufacturing method of a solid-state image
sensor of back surface 1rradiation using a conventional SOI
waler.

As shown 1 FIG. 10A, a bond waler 5 made of single
crystal silicon 1s prepared. The bond waler 5 1s made of
single crystal silicon produced by CZ growth. P-type impu-
rities are implanted 1nto the bond water 5 so that the bond
waler 5 will be a p-well 6 of a completed solid-state 1image
sensor 3 shown 1n FIG. 11E. The bond water 3 1s shown 1n
the figure so that the principal surface faces downwards.

Then, as shown 1n FIG. 10B, the bond water 5 1s thermally
oxidized to form a silicon oxide layer 7. While only the
s1licon oxide layer 7 on the principal surface 1s shown 1n the
figure, silicon oxide films are actually formed on the back
and side surfaces as well.

Next, as shown 1n FIG. 10C, hydrogen 1ons are implanted
from the principal surface of the bond water 5. Accelerated
energy for implanting the hydrogen ions 1s controlled to
adjust the depth of a defect layer 8, which 1s caused by the
hydrogen 10n implantation, from the principal surface of the
bond wafer 5. This determines the thickness of a single
crystal silicon layer 9 being an upper layer when an SOI
waler 1 1s completed, which will be described later with
reference to FIG. 11A.

Then, as shown 1n FIG. 10D, the surfaces of the bond
waler 5 and a base water 2 for maintaining the strength of
the SOI water 1 are cleaned and bonded. The base water 2
1s made of single crystal silicon produced by CZ growth.

After that, as shown 1n FIG. 10E, the base water 2 and the
bond water 5 are separated from the back surface, thereby
separating part of the bond water 5 from the base water 2 1n
the defect layer 8. The part of the bond waler 5 separated
from the base water 2 1s returned to the oxidation shown 1n
FIG. 10B, and may be reused in manufacture of another SOI
waler.

Then, heat treatment 1s performed to strengthen the bond-
ing of the bonded surfaces. Normally, 1t 1s said that bonding
of bonded surfaces 1s strengthen by heat treatment at a
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4

temperature of 1000° C. A method of lowering the tempera-
ture of the heat treatment by pretreatment with plasma, etc.
1s also considered.

With the above-described processes, as shown in FIG.
11A, the SOI water 1 1s completed, which includes the base
waler 2, the silicon oxide layer 7, and the single crystal
silicon layer 9.

FIG. 11B illustrates forming photodiodes 4 and drains 11
in the single crystal silicon layer 9 which 1s the uppermost
layer of the SOI water 1, and forming read-out gates 10 and
interconnects 12 on the single crystal silicon layer 9 to form
a solid-state MOS 1mage sensor. In the case of a solid-state
CCD mmage sensor, photodiodes, charge transier sections,
gate electrodes and interconnects are used instead. The
photodiodes 4 are formed by 1on-implanting impurities such
as arsenic (As), properties (P), etc. into a p-type substrate.

Then, as shown 1n FIG. 11C, the base water 2 1s removed
from the SOI water 1. When the base water 2 1s made of
single crystal silicon, it can be easily removed by etching
with an alkal1 solution. The intermediate silicon oxide layer
7 1s not etched with the alkali solution, 1t can be thus
processed with thickness accuracy equal to that in manu-
tacturing the SOI wafer 1. Thuis 1s the greatest advantage of
using the SOI water 1. At this time, when removing the base
wafer 2 from the entire surface of the SOI wafer 1, the
strength of the wafer 1s insuflicient, and thus, an extra
support waler for reinforcement 1s to be bonded on the front
surface provided with the interconnects 12, etc. The support
waler 1s however, not shown 1n the figure.

After that, as shown 1 FIG. 11D, boron (B™) ions are
implanted from the surface provided with the silicon oxide
layer 7 to form a p™ type depletion barrier layer 13 near the
interface 1n the single crystal silicon layer 9 between the
single crystal silicon layer 9 and the silicon oxide layer 7.
The depletion barrier layer 13 blocks spread of the depletion
layers of the photodiodes 4 to the interface with the silicon
oxide film and prevents noise electrons generated at inter-
face states from being accumulated at the photodiodes 4 and
becoming dark signals.

Next, as shown n FIG. 11E, color filters 14 and on-chip
microlenses 15 are formed on the silicon oxide layer 7 being
the back surface of the SOI water 1. Then, the solid-state
image sensor 3 of back surface irradiation 1s completed.

The manufacturing method of the solid-state image sensor
of back surface 1rradiation using the conventional SOI wafer
1s excellent in uniformly and controllably thinning the
silicon watfer. However, slight variations in the resistivity of
the substrate influence characteristics of the individual pho-
todiodes, and lead to variations in sensitivity and the amount
of saturated signals. As a result, fixed pattern noise occurs 1n
an obtained image due to a swirl shown in FIG. 12.

In view of the problem, 1t 1s an objective of the present
disclosure to reduce variations 1n resistivity of a substrate
and to reduce degradation in the quality of an obtained
image 1n a solid-state 1mage sensor using an SOI substrate.

In order to achieve the objective, the present disclosure
provides a manufacturing method of a solid-state 1mage
sensor implemented by a structure using an SOI wafer made
of single crystal silicon formed by epitaxial growth.

Specifically, a manufacturing method of a first solid-state
image sensor according to the present disclosure includes
forming a single crystal silicon layer on a principal surface
of a first waler by epitaxial growth; forming a silicon oxide
layer on the single crystal silicon layer; forming a defect
layer inside the single crystal silicon layer by 1ion implan-
tation; bonding the second water to the silicon oxide layer on
the first wafer; forming an SOI wafer including the silicon
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oxide layer formed on the second waler and the single
crystal silicon layer formed on the silicon oxide layer by
separating the first water including the single crystal silicon
layer from the second water including the single crystal
silicon layer 1n the defect layer; forming a photodiode 1n the
single crystal silicon layer; and forming an interconnect
layer including a photodiode charge read-out structure on a
surface of the single crystal silicon layer which 1s opposite
to the silicon oxide layer.

In the manufacturing method of the first solid-state image
sensor according to the present disclosure, the first solid-
state 1mage sensor according to the present disclosure does
not include single crystal silicon produced by CZ growth,
which mnevitably has concentric varnations 1n impurity con-
centration. This prevents fixed pattern noise occurring in the
solid-state 1mage sensor manufactured by a conventional
manufacturing method. This enables manufacture of a solid-
state 1mage sensor with reduced degradation in the quality of
an obtained 1mage.

The manufacturing method of the first solid-state 1image
sensor according to the present disclosure may further
include, after forming the interconnect layer, selectively
etching part of or the entire second water with respect to the
silicon oxide layer. In forming the photodiode, the light-
receiving section of the photodiode 1s formed to face the
silicon oxide layer.

A manufacturing method of a second solid-state 1mage
sensor according to the present disclosure includes forming
a {irst single crystal silicon layer on a principal surface of a
first water by epitaxial growth; forming a silicon oxide layer
on the first single crystal silicon layer; forming a defect layer
inside the first single crystal silicon layer by 10n implanta-
tion; bonding the second water to the silicon oxide layer on
the first wafer; forming an SOI wafer including the silicon
oxide layer formed on the second water and the first single
crystal silicon layer formed on the silicon oxide layer by
separating the first water including the first single crystal
silicon layer from the second water including the first single
crystal silicon layer 1n the defect layer; forming a second
single crystal silicon layer on the first single crystal silicon
layer by epitaxial growth; forming a photodiode 1n the first
single crystal silicon layer or the second single crystal
silicon layer; and forming an interconnect layer including a
photodiode charge read-out structure on a surface of the
second single crystal silicon layer which 1s opposite to the
first single crystal silicon layer.

In the manufacturing method of the second solid-state
image sensor according to the present disclosure, the second
solid-state 1mage sensor does not include single crystal
silicon produced by CZ growth, which inevitably has varia-
tions 1n 1mpurity concentration. This prevents fixed pattern
noise occurring in the solid-state image sensor manufactured
by a conventional manufacturing method. This enables
manufacture of a solid-state 1mage sensor with reduced
degradation 1n the quality of an obtained image. Further-
more, read-out gates, drains, interconnects, etc. of the solid-
state image sensor can be formed on the surface of the defect
free second single crystal silicon layer, thereby further
improving the image quality of the solid-state 1mage sensor.

The manufacturing method of the second solid-state
image sensor according to the present disclosure may further
include, after forming the interconnect layer, selectively
ctching part of or the entire second water with respect to the
silicon oxide layer. In forming the photodiode, the light-
receiving section of the photodiode 1s formed to face the
silicon oxide layer.
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A manufacturing method of a third solid-state 1mage
sensor according to the present disclosure includes forming
a first single crystal silicon layer having impurity concen-
tration of 1x10"” cm™ or more on a principal surface of a
first waler by epitaxial growth; forming a silicon oxide layer
on the first single crystal silicon layer; forming a defect layer
inside the first single crystal silicon layer by 1on implanta-
tion; bonding the second water to the silicon oxide layer on
the first wafer; forming an SOI wafer including the silicon
oxide layer formed on the second water and the first single
crystal silicon layer formed on the silicon oxide layer by
separating the first waler including the first single crystal
silicon layer from the second wafer including the first single
crystal silicon layer in the defect layer; forming a second
single crystal silicon layer having lower impurity concen-
tration than the first single crystal silicon layer on the first
single crystal silicon layer by epitaxial growth; forming a
photodiode 1n the second single crystal silicon layer so that
a light-receiving section faces the silicon oxide layer; form-
ing an interconnect layer including a photodiode charge
read-out structure on a surface of the second single crystal
silicon layer which i1s opposite to the first single crystal
silicon layer; and selectively etching part of or the entire
second water with respect to the silicon oxide layer.

In the manufacturing method of the third solid-state image
sensor according to the present disclosure, the third solid-
state 1mage sensor does not include single crystal silicon
produced by CZ growth, which inevitably has variations in
impurity concentration. This prevents fixed pattern noise
occurring in the solid-state 1image sensor manufactured by a
conventional manufacturing method. This enables manufac-
ture ol a solid-state 1image sensor with reduced degradation
in the quality of an obtained 1mage. Furthermore, read-out
gates, drains, interconnects, etc. of the solid-state i1mage
sensor can be formed on the surface of the defect free second
single crystal silicon layer, thereby further improving the
image quality of the solid-state image sensor. There 1s no
need to form a depletion barrier layer by 1on implantation to
perform activation annealing after forming the read-out
gates, interconnects, etc. Thus, a negative influence of heat
treatment on the interconnects, etc. can be avoided.

In the manufacturing method of the third solid-state image
sensor according to the present disclosure, the first single
crystal silicon layer 1s preferably of a first conductivity type.
The second single crystal silicon layer 1s preferably of a
second conductivity type. The photodiode 1s preferably of
the second conductivity type.

In the manufacturing method of the third solid-state image
sensor according to the present disclosure, the first single
crystal silicon layer may be of a first conductivity type. The
second single crystal silicon layer may be of a second
conductivity type. The forming of the photodiode may
include forming a well of the first conductivity type 1n the
second single crystal silicon layer. The photodiode may be
of the second conductivity type, and may be formed in the
well.

A solid-state 1mage sensor according to the present dis-
closure includes a plate-like single crystal silicon layer
formed by epitaxial growth, and including a first surface and
a second surface facing the first surface, an interconnect
layer provided on the first surface of the single crystal silicon
layer and including a photodiode charge read-out structure;
and a plurality of photodiodes formed 1n the single crystal
s1licon layer so that light-receiving sections face the second
surface.

The solid-state 1mage sensor according to the present
disclosure does not include single crystal silicon produced
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by CZ growth, which inevitably has varnations in impurity
concentration. This prevents fixed pattern noise occurring in
a conventional solid-state 1mage sensor.

The solid-state 1mage sensor according to the present
disclosure may further include an msulating film provided
on the second surface of the single crystal silicon layer, and
color filters provided on the msulating film to correspond to
the photodiodes.

The solid-state 1image sensor according to the present
disclosure may further include on-chip microlenses pro-
vided on the second surface of the single crystal silicon layer
to correspond to the photodiodes.

The solid-state 1image sensor according to the present
disclosure may further include an insulating film provided
on the second surface of the single crystal silicon layer; color
filters provided on the insulating film; and on-chip microl-
enses provided on the color filters to correspond to the
photodiodes.

According to the solid-state 1mage sensor and the manu-
facturing method of the solid-state 1mage sensor of the
present disclosure, a solid-state 1mage sensor does not
include single crystal silicon produced by CZ growth, which
inevitably has variations in impurity concentration. As a
result, a solid-state 1mage sensor 1s obtained, which is free
from fixed pattern noise occurring 1 a solid-state image
sensor manufactured by a conventional manufacturing
method.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a solid-state 1image
sensor according to a first embodiment of the present
disclosure.

FIGS. 2A-2E are cross-sectional views illustrating a
manufacturing method of the solid-state 1mage sensor
according to the first embodiment 1n order of steps.

FIGS. 3A-3F are cross-sectional views illustrating the
manufacturing method of the solid-state 1mage sensor
according to the first embodiment 1n order of steps.

FIGS. 4A-4E are cross-sectional views illustrating a
manufacturing method of the solid-state 1mage sensor
according to a second embodiment 1n order of steps.

FIGS. 5A-5G are cross-sectional views illustrating the
manufacturing method of the solid-state 1mage sensor
according to the second embodiment 1n order of steps.

FIGS. 6A-6E are cross-sectional views illustrating a
manufacturing method of the solid-state 1mage sensor
according to a third embodiment in order of steps.

FIGS. 7A-TF are cross-sectional views 1illustrating the
manufacturing method of the solid-state i1mage sensor
according to the third embodiment 1n order of steps.

FIG. 8 15 a schematic view illustrating fixed pattern noise
caused by variations in activation of laser annealing.

FIG. 9 1s a schematic view illustrating variations in
impurity concentration in a semiconductor water manufac-
tured by conventional CZ growth.

FIGS. 10A-10E are cross-sectional views illustrating a
manufacturing method of a solid-state 1mage sensor of back
surface 1rradiation using a conventional SOI wafer 1n order
ol steps.

FIGS. 11A-11E are cross-sectional views illustrating a
manufacturing method of a solid-state 1mage sensor of back
surface 1rradiation using a conventional SOI water in order
ol steps.
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FIG. 12 1s a schematic view illustrating fixed pattern noise
of a solid-state 1mage sensor of back surface irradiation
using a conventional SOI wafer.

DETAILED DESCRIPTION

First Embodiment

A solid-state 1mage sensor according to a first embodi-
ment of the present disclosure will be described heremafter
with reference to FIG. 1. FIG. 1 1illustrates a cross-sectional
structure of the solid-state 1image sensor according to the first
embodiment.

As shown 1n FIG. 1, the solid-state image sensor accord-
ing to the first embodiment includes a single crystal silicon
layer 24 formed by epitaxial growth, and a silicon oxide
layer 22 having a surface formed by heat treatment. Impu-
rities are implanted 1nto the single crystal silicon layer 24 to
have p-type conductivity for functioming as a p-well 21.

The single crystal silicon layer 24 includes photodiodes
19 and drains 26. Read-out gates 25 and interconnects 27 are
tformed on the single crystal silicon layer 24. An interlayer
insulating film 34 1s formed on the single crystal silicon
layer 24 to cover the read-out gates 235 and the interconnects
27. The photodiodes 19 are formed by forming n-type
regions by implantation of 1ons such as arsenic, phosphorus,
antimony, etc. The light-receiving sections of the photo-
diodes 19 are formed to face the silicon oxide layer 22.

For example, boron (B™) ions are implanted from the
surface provided with the silicon oxide layer 22, thereby
forming the p* type depletion barrier layer 28 under the
single crystal silicon layer 24. The impurity concentration of
the depletion barrier layer 28 varies depending on the
impurity concentration of the photodiodes 19, and usually
preferably ranges from 1x10'" cm™ to 1x10'” cm™ (both
inclusive). This prevents spread of the depletion layers of the
photodiodes 19 to the interface with the silicon oxide layer
22, and provides the advantage of reducing dark signals
generated by accumulating noise electrons occurring in the
interface states at the photodiodes 19.

Color filters 29 are formed on the surface of the silicon
oxide layer 22 which 1s opposite to the single crystal silicon
layer 24. On-chip microlenses 30 are formed on the color
filters 29.

The solid-state 1mage sensor according to this embodi-
ment does not include single crystal silicon formed by
Czochralski (CZ) growth, which inevitably has concentric
variations 1n impurity concentration. This prevents fixed
pattern noise to improve image quality.

A manufacturing method of a solid-state 1mage sensor
including the above-described structure will be described
hereinafter with reference to FIGS. 2A-2E and 3A-3F. FIGS.
2A-2EF and 3A-3F illustrate a manufacturing method of the
solid-state 1mage sensor according to the first embodiment
of the present disclosure 1n order of steps.

First, as shown 1n FIG. 2A, a bond wafer 20 made of
single crystal silicon 1s prepared. In this embodiment, the
conductivity type and the impurity concentration of the bond
waler 20 are not directly related to the p-well 21 of the
completed solid-state image sensor 18 shown 1n FIG. 3F. In
FIGS. 2A-2E and 3A-3F, the bond water 20 1s shown with
the principal surface facing downward. The bond water 20
may be made of single crystal silicon produced by CZ
growth.

Then, as shown 1n FIG. 2B, the single crystal silicon layer
24, 1into which p-type impurities are implanted, 1s disposed
on the principal surface of the bond water 20 by epitaxial
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growth. In this embodiment, the single crystal silicon layer
24 needs to have a thickness greater than the thickness of the
surface on which a solid-state 1image element 1s eventually
formed. Since a solid-state 1mage sensor using visible light
with sensitivity needs to include a substrate with a thickness
ranging from several micrometers to ten micrometers, the
single crystal silicon layer 24 by epitaxial growth needs to
have the deposition thickness ranging from several microm-
cters to ten micrometers.

Next, as shown 1 FI1G. 2C, the bond water 20 1s thermally
oxidized to form the silicon oxide layer 22. While only the
front (lower) surface of the formed silicon oxide layer 22 1s
shown 1n the figure, the silicon oxide layer 22 1s actually
formed on the back and side surfaces of the bond water 20
as well.

After that, as shown in FIG. 2D, hydrogen 1ons are
implanted to the single crystal silicon layer 24 from the
silicon oxide layer 22 to form a defect layer 23 inside the
single crystal silicon layer 24. After bonding the bond water
20 to a base water 17, the bond watfer 20 1s separated along
the defect layer 23. Thus, accelerated energy in implanting,
the hydrogen 10ns 1s controlled to adjust the depth of the 1on
implantation, thereby determining the thickness of the single
crystal silicon layer 24 in the silicon-on-insulator (SOI)
waler. Therefore, 1n this embodiment, the depth of the defect
layer 23 eventually becomes the thickness of the single
crystal silicon forming the solid-state image sensor 18.
When the solid-state image sensor 18 of back surface
irradiation 1s formed, it has a thickness ranging from about
several micrometers to about ten micrometers as described
above. Since the deposition thickness of the single crystal
silicon layer 24 by the epitaxial growth shown in FI1G. 2B 1s
larger than the thickness of the single crystal silicon forming
the solid-state 1mage sensor 18, the defect layer 23 formed
by implanting the hydrogen ions 1s provided in the single
crystal silicon layer 24 formed by epitaxial growth.

Then, as shown 1n FIG. 2E, a base water 17 for main-
taining the strength of an SOI water 16 to be completed in
FIG. 3B. The surfaces of the prepared base waiter 17 and the
single crystal silicon layer 24 are cleaned, and then, the
surfaces of the base water 17 and the single crystal silicon
layer 24 are bonded. At this time, atomic force at the
surfaces promotes the bonding only by softly pushing the
base waler 17 and the bond water 20, on which the single
crystal silicon layer 24 1s deposited, since the surfaces are
sufliciently flat. The cleaning aims not only to remove
contaminated materials, particles, etc. and to make the
surfaces hydrophilic to improve bonding effects. In this
embodiment, the base waler 17 may be made of single
crystal silicon produced by CZ growth. While the base water
17 1s shown as if 1t 1s thinner than the bond water 20 for
convenience, the base water 17 needs to have a thickness for
maintaining the strength of the SOI water 16. Therefore,
when the diameter 1s 200 mm or more, a thickness of 500 um
1s usually needed. The bond water 20 also needs to have the
same degree of thickness as the base water 17 to be
subjected to the steps to bonding of the bond water 20 to the
base water 17.

After that, as shown 1n FIG. 3A, when the base water 17
and the bond wafer 20 are separated from the back surface,
the single crystal silicon layer 24 1s separated in the defect
layer 23. Part of the bond wafer 20 and the single crystal
silicon layer 24 eparated from the base waler 17 may be
returned to the epitaxial growth shown in FIG. 2B and
reused 1n manufacture of another SOI water.
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Then, heat treatment 1s performed to strengthen the bond-
ing of bonded surfaces. The temperature of the heat treat-
ment 1s 400° C. or more 1n view of the bonding strength, and
1s preferably about 1000° C.

With the above-described steps, the SOI water 16 includ-
ing the base water 17, the silicon oxide layer 22, and the
single crystal silicon layer 24 1s completed as shown 1n FIG.
3B. In the SOI water 16 formed 1n this embodiment, the
entire single crystal silicon layer 24 1s formed by epitaxial
growth. Thus, the SOI water 16 formed 1n this embodiment
has fewer variations 1 impurity concentration than a con-
ventional single crystal silicon layer produced by CZ
growth.

Next, as shown 1n FIG. 3C, the photodiodes 19 and the
drains 26 are formed 1n the single crystal silicon layer 24,
and the read-out gates 25 and the interconnects 27 are
formed on the single crystal silicon layer 24 to form a
solid-state MOS 1mage sensor. In the case of a solid-state
charge coupled device (CCD) image sensor, photodiodes,
charge transier sections, gate electrodes and interconnects
are used 1nstead. In this embodimentj the photodiodes 19 are
formed 1n the p-type single crystal silicon layer 24. Thus, 1n
forming the photodiodes 19, impurities such as arsenic,
phosphorus, antimony, etc. are 1on-implanted to form an
n-type region. The interlayer insulating film 34 1s formed on
the single crystal silicon layer 24 to cover the read-out gates
25 and the interconnects 27.

Note that, 1n this embodiment, in FIG. 2B, the single
crystal silicon layer 24 having p-type conductivity 1s formed
by epitaxial growth. The single crystal silicon layer 24 may
be of an n-type, and the p-well 21 may be formed by 10n
implantation etc. 1n the step shown 1n FIG. 3C to form the
photodiodes 19 etc. in the formed p-well 21.

Then, as shown 1n FIG. 3D, the base water 17 1s removed.
It 1s eflicient to perform etching with an alkali solution after
removing a large part of the base water 17 by polishing, dry
etching, etc. However, only etchmg with an alkal1 solution
suflices. Since the base water 17 1s made of single crystal
silicon, removal 1s facilitated by etching with an alkal
solution. Furthermore, the mtermediate silicon oxide layer
22 1s not etched by an alkali solution, and serves as an
ctching stopper. This enables processing of thinning films
with high accuracy in the case where the thickness of the
SOI water 16 1s determined mainly by the depth of hydrogen
ion 1mplantation. The greatest advantage of using the SOI
waler 16 1s that the thickness accuracy 1s dramatically high
as compared to the case where a single layer single crystal
silicon waler with a thickness of 500 um or more 1s
processed to a thickness of about 10 um by combiming
polishing and etching. Removal of the base wafer 17 may be
limited to the light-receiving region of the solid-state image
sensor 18 using a masking step. When the base water 17 1s
removed from the entire surface of the SOI water 16, the
strength of the entire water 1s isuflicient. Thus, the SOI
waler 16 1s preferably strengthen by bonding a quartz water
etc. as a support water on the front surface provided with the
interconnects 27 etc. 1n advance. Note that the support wafer
1s not shown 1n the figure. In this embodiment, an example
has been described where only the base watfer 17 1s removed.
Even when selectively removing the silicon oxide layer 22
by etching with acid after removing the base water 17 with
an alkali solution etc., the processing accuracy of the thick-
ness 1s not different and the advantage of using the SOI
waler 16 can be provided.

Then, as shown 1n FIG. 3E, boron 1ons are implanted from
the surface provided with the silicon oxide layer 22 to form
ap” type depletion barrier layer 28 near the interface in the
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single crystal silicon layer 24 between the single crystal
silicon layer 24 and the silicon oxide layer 22. The concen-
tration of the depletion barrier layer 28 varies depending on
the impurity concentration of the photodiodes 19, but usu-
ally preferably ranges from 1x10'" cm™ to 1x10'7 c¢cm™
(both inclusive). This blocks spread of the depletion layers
of the photodiodes 19 to the interface with the silicon oxide
film and prevents noise electrons generated at interface
states from being accumulated at the photodiodes 19 and
becoming dark signals. Note that, even when the step 1s
omitted, basic functions as an 1image sensor can be obtained
although 1mage quality 1s degraded.

After that, as shown in FIG. 3F, color filters 29 and
on-chip microlenses 30 are formed on the silicon oxide layer
22 as necessary. As a result, the solid-state image sensor 18
of back surface irradiation 1s completed, which 1s formed of
the single crystal silicon layer 24 by epitaxial growth.

In the manufacturing method of the solid-state 1mage
sensor according to this embodiment, the solid-state 1mage
sensor 18 does not include single crystal silicon produced by
CZ growth, which inevitably has concentric variations 1n
impurity concentration. As a result, the solid-state 1mage
sensor iree from fixed pattern noise as shown i FIG. 12 can
be manufactured.

While 1n this embodiment, the solid-state image sensor of
back surface 1rradiation has been described, a conventional
solid-state 1mage sensor of front surface irradiation can be
manufactured similarly using an SOI wafer. Thinmng a
light-receiving region in a solid-state image sensor of front
surface 1rradiation 1s advantageous 1n for example, allowing
specific short wavelength to have sensitivity, and utilizing
transmitted light of the solid-state 1mage sensor for some
purposes. In this case, the depletion barrier layer 28 shown
in FI1G. 3E needs to be formed by implanting boron 1ons to
the surface of the single crystal silicon layer 24 which 1s
opposite to the above-described surface. The formation 1s
performed 1n the step shown 1n FIG. 3D.

While 1n this embodiment, a manufacturing method has
been described using a solid-state MOS 1mage sensor as an
example, a similar manufacturing method 1s applicable
using an SOI water 1 a solid-state CCD image sensor.

While 1n this embodiment, an example has been described
where the photodiodes 19 are formed 1n the p-well 21, the
manufacturing method of the solid-state image sensor of the
present disclosure 1s applicable with a well of the other
conductivity type.

While 1n this embodiment, an example has been described
where hydrogen 1on implantation separation 1s used, similar
advantages can be obtained by other separation methods

used 1n Uni1 Bond, for example, 1on implantation separation
using argon 1ons etc. other than hydrogen 1ons.

Second Embodiment

A manufacturing method of a solid-state 1mage sensor
according to a second embodiment will be described here-
inafter with reference to FIGS. 4A-4E and SA-5G.

FIGS. 4A-4E and 5A-5G 1illustrate a manufacturing
method of the solid-state 1mage sensor according to the
second embodiment of the present disclosure 1 order of
steps.

The steps shown 1n FIGS. 4A-35B are similar to the steps
of the first embodiment shown 1n FIGS. 2A-3B, and expla-
nation thereof will be omitted. Note that the single crystal
silicon layer 24 of the first embodiment corresponds to a first
single crystal silicon layer 32 in this embodiment.
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As shown 1n FIG. 5C, a second single crystal silicon layer
31 is deposited on the first single crystal silicon layer 32 by
epitaxial growth. P-type impurnities are implanted into the
second single crystal silicon layer 31. As a result, the sum of
the thickness of the seperated first single crystal silicon layer
32 and the thickness of the second single crystal silicon layer
31 is the substrate thickness of the solid-state 1mage sensor
18 shown 1n FIG. 5G. As described above, the substrate
needs to have a thickness ranging from about several
micrometers to about ten micrometers 1n a solid-state image
sensor ol back surface irradiation. Theretore, where the
depth of the defect layer 23 1n the first single crystal silicon
layer 32 1s d1, and the thickness of the deposited second
single crystal silicon layer 31 1n FIG. 3C 1s d2, the sum of
d1 and d2 needs to be equal to the substrate thickness of the

solid-state 1mage sensor 18.
Then, as shown 1n FIG. 5D, photodiodes 19 and drains 26

are formed on the second single crystal silicon layer 31, and
read-out gates 25 and interconnects 27 are formed on the
second single crystal silicon layer 31 to form a solid-state
MOS 1mage sensor. In the case of a solid-state CCD image
sensor, photodiodes, charge transier sections, gate electrodes
and interconnects are used instead. In this embodiment,
since the photodiodes 19 are formed in the second single
crystal silicon layer 31, impurities such as arsenic, phos-
phorus, antimony, etc. are ion-implanted in forming the
photodiodes 19 to form an n-type region. Furthermore, the
interlayer isulating film 34 1s formed on the single crystal
silicon layer 24 to cover over the read-out gates 25 and the
interconnects 27.

Note that, in this embodiment, the second single crystal
silicon layer 31 of n-type conductivity may be formed by
epitaxial growth, a p-well 21 may be formed by 10n 1mplan-
tation etc., and the photodiodes 19 etc. may be formed in the
p-well 21.

Next, as shown 1n FIG. SE, the base water 17 1s removed.
It 1s etlicient to perform etching with an alkali solution after
removing a large part of the base water 17 by polishing, dry
ctching, etc. However, only etching with an alkal1 solution
suilices. Since the base watler 17 1s made of single crystal
silicon, removal 1s facilitated by etching with an alkal:
solution. Furthermore, the mtermediate silicon oxide layer
22 1s not etched by an alkali solution, and serves as an
ctching stopper. This enables processing of thinning films
with high accuracy in the case where the thickness of the
SOI water 16 1s determined mainly by the depth of hydrogen
ion 1mplantation. The greatest advantage of using the SOI
waler 16 1s that the thickness accuracy 1s dramatically high
as compared to the case where a single layer single crystal
silicon waler with a thickness of 500 um or more 1s
processed to a thickness of about 10 um by combiming
polishing and etching. Removal of the base water 17 may be
limited to the light-receiving region of the solid-state image
sensor 18 using a masking step. When the base water 17 1s
removed from the entire surface of the SOI waler 16, the
strength of the entire water 1s insuflicient. Thus, the SOI
waler 16 1s preferably strengthen by bonding a quartz water
etc. as a support waler on the front surface provided with the
interconnects 27 etc. in advance. Note that the support water
1s not shown 1n the figure. In this embodiment, an example
has been described where only the base water 17 1s removed.
Even when selectively removing the silicon oxide layer 22
by etching with acid after removing the base water 17 with
an alkal1 solution etc, the processing accuracy of the thick-
ness 1s not different and the advantage of using the SOI
waler 16 can be provided.
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Then, as shown 1n FIG. SE, boron 1ons are implanted from
the surface provided with the silicon oxide layer 22 to form
a p” type depletion barrier layer 28 near the interface in the
first single crystal silicon layer 32 between the first single
crystal silicon layer 32 and the silicon oxide layer 22. The
concentration ol the depletion barner layer 28 varies
depending on the impurity concentration of the photodiodes
19, but usually preferably ranges from 1x10'" c¢cm™ to

110" cm™ (both inclusive). This blocks spread of the

depletion layers of the photodiodes 19 to the interface with
the silicon oxide layer 22 and prevents noise electrons
generated at interface states from being accumulated at the
photodiodes 19 and becoming dark signals. Note that, even
when the step 1s omitted, basic functions as an 1mage sensor

can be obtained although image quality 1s degraded.

After that, as shown in FIG. 5G, color filters 29 and
on-chip microlenses 30 are formed on the silicon oxide layer
22 as necessary. As a result, the solid-state image sensor 18
of back surface irradiation 1s completed, which 1s formed of
the first single crystal silicon layer 32 and the second single
crystal silicon layer 31 by epitaxial growth.

In the manufacturing method of the solid-state 1mage
sensor according to this embodiment, the solid-state 1mage
sensor 18 does not include single crystal silicon produced by
CZ growth, which inevitably has concentric variations in
impurity concentration. As a result, the solid-state 1image
sensor iree from fixed pattern noise as shown i FIG. 12 can
be manufactured.

In this embodiment, the SOI wafer 16 1s formed by
hydrogen 10n implantation separation. A large part of the
defect layer 23 due to 1on implantation remains on the
surface separated by hydrogen 1on implantation. Thus, when
the read-out gates 25, the drains 26, the interconnects 27, etc.
are formed on the surface separated by hydrogen 1on implan-
tation; threshold voltages vary at the read-out gates 25 due
to an 1ncrease 1n interface states, dark outputs increase at the
drains 26, and an increase 1n contact resistance, variations in
resistance, etc. at the interconnects 27, thereby causing
degradation in 1mage equality due to an 1ncrease 1n noise etc.
as a solid-state 1mage sensor. In this embodiment, since the
second single crystal silicon layer 31 i1s formed on a first
single crystal silicon layer 32 including a surface on which
a large part of the defect layer 23 remains. Thus, the read-out
gates 25, the drains 26, the interconnects 27, etc. of the
solid-state 1image sensor 18 can be formed on the surface of
the defect free second single crystal silicon layer 31. This
improves image quality of the image sensor. Furthermore,
epitaxial growth of single crystal silicon 1s usually per-
tormed with silane source gas at a high temperature of 1000°
C. Thus, hydrogen atoms i1on-implanted from the silicon
oxide layer 22 into the first single crystal silicon layer 32
desorb to recover defects caused by 1on implantation.

The interface between the first single crystal silicon layer
32 and the second single crystal silicon layer 31 does not
preferably exist in the depletion layers of the photodiodes
19. The crystal defects remaining inside the photodiodes 19
are the source of dark currents, and cause fixed pattern noise
called “white detfects.” In this embodiment, the thickness d1
of the separated first single crystal silicon layer 32 1s set to
be less than the thickness of the depletion barrier layer 28,
thereby positioming the interface between the first single
crystal silicon layer 32 and the second single crystal silicon
layer 31 inside the depletion barrier layer 28. As a result, the
structure 1s formed 1 which the interface between the first
single crystal silicon layer 32 and the second single crystal
s1licon layer 31 does not exist in the depletion layers of the
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photodiodes 19. This structure further improves 1image qual-
ity of a solid-state image sensor.

While 1n this embodiment, an example has been described
where hydrogen 1on implantation separation 1s used, similar
advantages can be obtained by other separation methods
used 1n Unmi Bond, for example, 10n implantation separation
using argon ions etc. other than hydrogen 1ons.

Third Embodiment

A manufacturing method of a solid-state 1mage sensor
according to a third embodiment will be described herein-
alter with reference to FIGS. 6 A-6FE and 7A-7F.

FIGS. 6A-6E and 7A-7F illustrate a manufacturing
method of the solid-state 1mage sensor according to the third
embodiment of the present disclosure 1n order of steps. FIG.
8 1s a schematic view 1llustrating fixed pattern noise caused
by variations in activation of laser annealing.

The steps shown 1n FIGS. 6 A-7E are similar to the steps
of the second embodiment shown 1n FIGS. 4A-SE, and
explanation thereof will be omitted. Note that the first single
crystal silicon layer 32 according to the second embodiment
corresponds to a first depletion barrier single crystal silicon
layer 33 in thus embodiment. The first depletion barrier
single crystal silicon layer 33 i1s made of single crystal
silicon having the same conductivity type as the depletion
barrier layer 28 shown 1n FIG. 5F and impurity concentra-
tion equal to that of the depletion barrier layer 28, 1.e.,
having P* type conductivity and impurity concentration
ranging from 1x10'" cm™ to 1x10'” cm™ (both inclusive).
In the hydrogen ion implantation shown in FIG. 6D, the
defect layer 23 formed by hydrogen 10n implantation has a
depth equal to the thickness of the depletion barrner layer 28
of the first and second embodiments, thereby allowing the
first depletion barrier single crystal silicon layer 33 to
function as the depletion barrier layer 28 of the first and
second embodiments. As a result, implantation of B ions is
unnecessary. In this respect, this embodiment differs from
the other embodiments.

Specifically, in this embodiment, after removing the base
waler 17 by etching shown in FIG. 7E, color filters 29,
on-chip microlenses 30, etc. are formed the silicon oxide
layer 22 as necessary, as shown i FIG. 7F. As a result, the
solid-state 1mage sensor 18 of back surface 1rradiation made
only of single crystal silicon by epitaxial growth 1s com-
pleted.

In order to allow the single crystal silicon to have elec-
trical characteristics of a desired conductivity type by
implantation of impurity 1ons such as boron, impurity atoms
need to be located in stable positions 1n the single crystal
silicon by heat treatment generally called “activation anneal-
ing.” The activation annealing needs to be performed by heat
treatment at a temperature of 800° C. or more. However,
when the read-out gates 25, the mterconnects 27, etc. are
already formed, and particularly, when the interconnects 27
are made of metal such as aluminum or copper, the tem-
perature applied to the entire wafer 1s considered based on
the melting point of the interconnects 27. Heating at a
temperature of 500° C. or more 1s diflicult. As a result, only
part of 1on-1mplanted impurities can be activated.

As a method of solving this problem, heating called “laser
annealing” can be used. In this method, a watfer 1s scanned
with intense laser light to heat the entire surface of the water.
This locally heats one of the surfaces of the water. There are
however two problems in this method. The first problem 1s
heat varniations caused by scanning with laser light. The
maximum radius of laser light ranges from hundreds of
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micrometers to several millimeters, which 1s smaller than a
solid-state 1mage sensor and greater than a pixel size of the
solid-state 1mage sensor. The heat vanations caused by
scanning of the laser light lead to varniations in activation of
impurities to cause variations 1n conductivity characteristics.
This results 1n vanations in characteristics of individual
pixels of the solid-state 1mage sensor so that fixed pattern
noise caused by scanning variations of the laser light shown
in FIG. 8 occurs in the obtained image, thereby causing
degradation 1n 1mage quality. The second problem 1s that the
front surface (upper surface) of the waler 16 has a high
temperature, even when the SOI water 16 1s irradiated with
laser light from the back surface, since the thickness of the
formation region of the photodiodes 19 ranges from several
micrometers to ten micrometers. In particular, as one of the
advantages ol a solid-state 1mage sensor of back surface
irradiation, the layout of the interconnects 27 at the front
surface 1s not limited by arrangement of pixels. However,
when the water 16 transmits part of laser light from the back
surface and the interconnects 27 reflects the part of laser
light from the back surface, the temperature of the irradiated
part with the reflected light rises more than the other parts.
This may cause variations 1n activation of impurities reflect-
ing the layout of the interconnects 27, and fixed pattern noise
of other types than the fixed pattern noise caused by scan-
ning variations may be a concern. While the above-de-
scribed problems may be solved, when laser annealing
techniques with a short wavelength 1s developed, the heat
treatment 1n processing the back surface i1s an essential
problem of a solid-state image sensor of back surface
irradiation.

In the manufacturing method of the solid-state 1mage
sensor according to this embodiment, there 1s no need to
form the depletion barrier layer 28 by 1on implantation to
perform activation annealing, after forming the read-out
gates 25 and the interconnects 27. Therefore, fixed pattern
noise caused by the activation annealing can be avoided.

When the impurity concentration of the first depletion
barrier single crystal silicon layer 33 is sufhliciently high,
depletion does not occur at the interface between the {first
depletion barrier single crystal silicon layer 33 and the
second single crystal silicon layer 31, and the interface 1s not
included inside the photodiodes 19. As a result, white
defects do not occur to obtain excellent 1image quality.

While 1n this embodiment, an example has been described
where hydrogen 1on 1implantation separation 1s used, similar
advantages can be obtained by other separation methods
used 1n Unmi Bond, for example, 10n implantation separation
using argon 1ons etc. other than hydrogen 1ons, similar to the
first embodiment.

While 1n this embodiment, the second single crystal
silicon layer 31 1s of p-type conductivity and the photo-
diodes 19 1s of n-type conductivity, the second single crystal
silicon layer 31 may be of the n-type conductivity. In this
case, a p-well 1s formed 1n the second single crystal silicon
layer 31 by 1on implantation etc., and the photodiodes 19 of
n-type conductivity may be provided in the formed p-well.

The solid-state 1mage sensor and the manufacturing
method of the solid-state 1mage sensor according to the
present disclosure provide a solid-state 1mage sensor not
including single crystal silicon produced by CZ growth
which 1nevitably has concentric varnations in impurity con-
centration. This prevents fixed pattern noise, and thus, the
solid-state 1mage sensor and the manufacturing method of
the solid-state 1image sensor according to the present disclo-
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sure are particularly usetul as a solid-state image sensor and
a manufacturing method etc. of the solid-state 1mage sensor
using an SOI substrate.

What 15 claimed 1s:

1. A manufacturing method of a solid-state 1mage sensor

comprising;

forming a first single crystal silicon layer having a first
impurity concentration on a principal surface of a first
waler by epitaxial growth;

forming a silicon oxide layer on the first single crystal
silicon layer;

forming a defect layer 1nside the first single crystal silicon
layer by 1on implantation;

bonding a second water to the silicon oxide layer on the
first water to form a combined wafer;

[forming] separating the combination wafer at the defect
laver to form an SOI wafer including the silicon oxide
layer that was formed on the second wafer and «
portion of the first single crystal silicon layer that was

formed on the silicon oxide layer [by separating the

first wafer including the first single crystal silicon layer

from the second wafer including the first single crystal
silicon layer in the defect layer]:

forming a second single crystal silicon layer having a
second impurity concentration on the portion of the
first single crystal silicon layer by epitaxial growth;

forming a photodiode in [the first single crystal silicon
layer or] the second single crystal silicon layer; and

forming an interconnect layer including a photodiode
charge read-out structure on a surface of the second
single crystal silicon layer which 1s opposite to the first
single crystal silicon layer.

2. The method of claim 1, further comprising

after forming the interconnect layer, [selectively etching
part of or the entire] etching the second wafer with
respect to the silicon oxide layer, wherein

in forming the photodiode, the light-receiving section of
the photodiode 1s formed to face the silicon oxide layer.

3. A manufacturing method of a solid-state image sensor

comprising:

forming a first single crystal silicon layer having a first
impurity concentration Jof 1x10"” ¢m™ or more] on a
principal surface of a first waler by epitaxial growth;

forming a silicon oxide layer on the first single crystal
silicon layer;

forming a defect layer 1nside the first single crystal silicon
layer by 10n implantation;

bonding a second wafer to the silicon oxide layer on the
first watler to form a combined wafer;

[forming] separating the combination wafer at the defect
layer to form an SOI water including the silicon oxide
layer that was formed on the second wafer and «
portion of the first single crystal silicon layer that was

formed on the silicon oxide layer [by separating the

first water including the first single crystal silicon layer

from the second water including the first single crystal
silicon layer in the defect layer]:

forming a second single crystal silicon layer on the
portion of the first single crystal silicon layer by
epitaxial growth, the second single crystal silicon layer
having a second impurity concentration lower than the
first impurity concentration [than the first single crystal
silicon layer on the first single crystal silicon layer by
epitaxial growth];

forming a photodiode in the second single crystal silicon
layer so that a light-receiving section faces the silicon
oxide layer;
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forming an interconnect layer including a photodiode
charge read-out structure on a surface of the second

single crystal silicon layer which 1s opposite to the first
single crystal silicon layer; and

[selectively etching part of or the entire] etching the 5
second water with respect to the silicon oxide layer.

4. The method of claim 3, wherein

the first single crystal silicon layer 1s of a first conductivity
type,

the second single crystal silicon layer 1s of a second
conductivity type, and

the photodiode 1s of the second conductivity type.

5. The method of claim 3, wherein

the first single crystal silicon layer 1s of a first conductivity 4
type,

the second single crystal silicon layer 1s of a second
conductivity type,

the forming of the photodiode includes forming a well of
the first conductivity type 1n the second single crystal 20
silicon layer, and

the photodiode 1s of the second conductivity type, and 1s
formed in the well.

10

6. A manufacturing method of a solid-state image sensor
COmprising:

18

forming a first single crystal silicon layer having an
Impurity concentration on a principal surface of a first
wafer by epitaxial growth;

forming a silicon oxide laver on the first single crystal
silicon layer;

forming a defect layer inside the first single crystal silicon
layer by ion implantation;

bonding a second wafer to the silicon oxide layer on the
first wafer to form a combined wafer,

separating the combination wafer at the defect layer to
Jorm an SOl wafer including the silicon oxide layer that
was formed on the second wafer and a portion of the
first single crystal silicon laver that was formed on the
silicon oxide layer;

forming a well of a first conductivity type in the portion of
the first single crystal silicon layer;

forming a photodiode of a second conductivity type in the
well of the first conductivity type so that a light-
receiving section faces the silicon oxide layer;

forming an interconnect laver including a photodiode
charge read-out structure on a surface of the first single
crystal silicon layer which is opposite to the first single

crystal silicon layer; and
etching the second wafer with vespect to the silicon oxide

layer.
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