(19) Japan Patent Office (JP) (12) Japanese Unexamined Patent Application (11) Japanese Unexamined Patent

Publication (A) Application Publication Number
H10-116977
(43) Publication date: May 6, 1998
(51)Int.CL.5 Identification codes FI
HO1L 27/148 HO1L 27/14
29/762 29/76 301 E
21/339

Request for examination: Not yet requested Number of claims:
16 OL (Total of 16 pages)

(21) Application Japanese Patent Application H8-268548 (71) Agent 000236436
number Hamamatsu Photonics K. K.
1126-1 Ichino-cho, Hamamatsu-shi, Shizuoka-
(22) Application date  October 9, 1996 ken
(72) Invento Masaharu Muramatsu
r c/o Hamamatsu Photonics K. K., 1126-1 Ichino-

cho, Hamamatsu-shi, Shizuoka-ken

(72) Invento Hiroshi Akabori
r c¢/o Hamamatsu Photonics K. K., 1126-1 Ichino-
cho, Hamamatsu-shi, Shizuoka-ken

(74) Agent  Patent Attorney Yoshiki Hasegawa (and 3 others)

(54) (Title of the invention) Back-illuminated light-receiving device and manufacturing method for the same

(57) (Abstract)
(Problem) Provide a back-illuminated light-receiving device that has 110 )

reduced warpage and curvature, and that is protected by a firmly d -

attached reinforcement. 510 150 140 120 130 100 209
(Means for solving) A glass body 420 having roughly the same 520 /

thermal expansion coefficient as the material of the semiconductor

slab 100, and which is firmly attached by both glass bonding to a i
glass layer 320 serving as adhesive on the dielectric film 200 that ) )
protects the light-receiving elements and by anodic bondingto the |/ .7 [ £

™

{
N \j\ \Ii\(\ N N \\’\\‘\ \l‘\.. \ff\ N
| T~

~
. . . . h A 1
exposed portion of the semiconductor slab material, is provided on 9 AN /,’
I
ks s

)
f’ \\ E LY :E‘ N i \\ : Y 5 N E :.
the side of asemiconductorslab 100 where light-receiving elements, | L 7 7 L
includinga charge readoutcomponent 110, are formed. As aresul, o e # e ’
Ld J/ LJ’ ) /, l,
) 3

s

the semiconductor slab 100is reinforced by a glass body 420 having /,’ /;
adequate mechanical strength, and is thereby protected against 0
mechanical stress. 420

\
2

TSMC EX. 1009 Page 1 of 33



(2

(Scope of patent claims)

(Claim 1) Back-illuminated light-receiving device in which a
charge readout component having a one-dimensional or two-
dimensional array is formed on one surface of a semiconductor slab
composed primarily of silicon, and an accumulation layer formed
by ion implantation and subsequent activation is provided on the
back side opposite that where the aforesaid charge readout
componentis formed on the aforesaid semiconductor slab,and the
energy of EM waves or charged particles entering from the back
side of the aforesaid semiconductor slab is detected, which is
furnished with:

A dielectric film formed on a first area of the surface of the
aforesaid semiconductor slab including the aforesaid charge
readout component;

A glass layer formed on at least the surface of the aforesaid
dielectric film near the interface between the aforesaid first area
and a second area on the surface of the aforesaid semiconductor
slab enclosing the aforesaid firstarea;

A glass body thatis connected to the aforesaid glass layer by glass
bonding, and thatis anodic bonded to the aforesaid semiconductor
slab, and that additionally surrounds the aforesaid glass layer, the
aforesaid dielectric film, and the aforesaid charge readout
component, and has a thermal expansion coefficientroughly
identical to that of the aforesaid semiconductor slab.

(Claim 2) Back-illuminated light-receiving device set forth in
claim 1, characterized in that the aforesaid dielectric film is made
of either one or both of SiN and/or SiOa.

(Claim 3) Back-illuminated light-receiving device set forth in
claim 1, characterized in that the aforesaid glass layer is made of
one of either borophosphosilicate glass, phosphosilicate glass,
borosilicate glass, or lead glass.

(Claim 4) Back-illuminated light-receiving device set forth in
claim 1, characterized in that the aforesaid glass body is furnished
with a recessed portion corresponding in shape to the convex form
of the aforesaid dielectric film or the convex form of the aforesaid
glass layer.

(Claim 5) Back-illuminated light-receiving device set forth in
claim 1, characterized in that the top surface of the aforesaid
dielectric film on the aforesaid glass layer is roughly parallel to the
front surface of the aforesaid semiconductor slab.

(Claim 6) Back-illuminated light-receiving device set forth in
claim 1, characterized in that the aforesaid glass layer is formed
only on the surface of the aforesaid dielectric layer near the
interface between the aforesaid firstareaand the aforesaid second
area.

(Claim 7) Back-illuminated light-receiving device set forth in
claim 1, characterized in that it is further furnished on the aforesaid
second area with a frame component made of high-melting material,
whose height from the aforesaid semiconductor slabis greater than
the distance from the surface of the aforesaid semiconductor slab
to the highest point of the aforesaid dielectric.

(Claim 8) Manufacturing method for back-illuminated light-
receiving device furnished with: a first process in which a charge
readout component is formed on a semiconductor substrate made
primarily of silicon;

a second processin which adielectric film is formed on a firstarea
on the surface of the aforesaid semiconductor substrate including
the aforesaid charge readout component;

a third process in which a glass layer is formed on at least the
surface of the aforesaid dielectric film near the interface between
the aforesaid first area and a second area on the surface of the
aforesaid semiconductor substrate surrounding the aforesaid first
area;

a fourth process in which a compound body is produced by
mountinga glass body that, along with the aforesaid semiconductor
substrate, surrounds the aforesaid glass layer, the aforesaid
dielectric film, and the aforesaid charge readout component, and
that has a thermal expansion coefficient roughly identical to that of
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the aforesaid semiconductor substrate, onto the aforesaid
semiconductor substrate, and then anodic bonding the exposed
portion of the aforesaid semiconductor substrate to the aforesaid
glass body;

a fifth process in which the aforesaid compound body is heat
treated so as to glass bond the aforesaid glass layer to the aforesaid
glass body;

a sixth process in which the back side of the aforesaid
semiconductor substrate opposite that upon which the aforesaid
charge readout component has been formed is machined so as to
transform the aforesaid semiconductor substrate into a
semiconductor slab; and

a seventh processin which ion implantation followed by activation
are performed from the back side of the aforesaid semiconductor
slab so as to form an accumulation layer.

(Claim 9) Manufacturing method for back-illuminated light-
receiving device furnished with: a first process in which a charge
readout componentis formed on the semiconductor substrate;

a second processin which adielectric film is formed on a firstarea
on the surface of the aforesaid semiconductor substrate including
the aforesaid charge readout component; a third processin which a
glass layer is formed on at least an area on the surface of the glass
body corresponding to the area near the interface between the
aforesaid firstarea and asecondarea on the surface ofthe aforesaid
semiconductor substrate surrounding the aforesaid firstarea;

a fourth process in which a compound body is produced by
mounting a glass body having a thermal expansion coefficient
roughly identical to that of the aforesaid semiconductor substrate
on which the aforesaid glass layer is mounted onto the aforesaid
semiconductor substrate, and anodic bonding the exposed portion
of the aforesaid glass body to the exposed portion of the aforesaid
semiconductor substrate;

a fifth process in which the aforesaid compound body is heat-
treated to glass bond the aforesaid glass layer to the aforesaid glass
body; a sixth process in which the back side of the aforesaid
semiconductor substrate opposite that upon which the aforesaid
charge readout component has been formed is machined so as to
transform the aforesaid semiconductor substrate into a
semiconductor slab; and

a seventh processin which ion implantation followed by activation
are performed from the back side of the aforesaid semiconductor
slab so as to form an accumulation layer.

(Claim 10) Manufacturing method for back-illuminated light-
receiving device set forth in claim 8 or claim 9, characterized in
that the aforesaid dielectric film is made of either one or both of
SiN and/or SiOa.

(Claim 11) Manufacturing method for back-illuminated light-
receiving device set forth in claim 8 or claim 9, characterized in
that the aforesaid glass layer is made of one of either
borophosphosilicate glass, phosphosilicate glass, borosilicate glass,
or lead glass.

(Claim 12) Manufacturing method for back-illuminated light-
receiving device set forth in claim 8 or claim 9, characterized in
that the aforesaid glass body is furnished with a recessed portion
corresponding in shape to the convex form of the aforesaid
dielectric film or the convex form of the aforesaid glass layer.
(Claim 13) [Manufacturing method for b]ack-illuminated light-
receivingdevice set forth in claim 8, characterized in thatan eighth
process, in which the top surface of the aforesaid dielectric film of
the aforesaid glass layer is made to be roughly parallel to the
surface of the aforesaid semiconductor substrate, is further
provided between the aforesaid third process and the aforesaid
fourth process.
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(Claim 14) Manufacturing method for back-illuminated light-
receiving device set forth in claim 8, characterized in that the
aforesaid third process is a process in which the aforesaid glass
layer is formed only on the surface of the aforesaid dielectric film
near the interface between the aforesaid firstarea and the aforesaid
second area.

(Claim 15) Manufacturing method for back-illuminated light-
receiving device set forth in claim 9, characterized in that the
aforesaid third process is a process in which the aforesaid glass
layer is formed on an area of the surface ofthe aforesaid glass body
corresponding only to the surface of the aforesaid dielectric film
near the interface between the aforesaid firstarea and the aforesaid
second area.

(Claim 16) Manufacturing method for back-illuminated light-
receiving device set forth in claim 8 or claim 9, characterized in
that a ninth process, in which a frame component made of high-
melting material, whose height from the aforesaid semiconductor
substrate is greater than the distance from the surface of the
aforesaid semiconductor substrate to the highest point of the
aforesaid dielectric, is formed on the aforesaid second area, is
further provided between the aforesaid second process and the
aforesaid third process.

(Detailed description of the invention)

(0001)

(Technical field of the invention) The present invention relates to
back-illuminated light-receiving devices which are applicable to
applications involving illumination by energy rays with a large
absorption coefficient such as ultraviolet rays, gamma rays, and
charged particles, examples of which include back-illuminated
charge coupled devices (CCD) and back-illuminated active pixel
sensors (APS), and to a manufacturing method for this manner of
back-illuminated light-receiving devices.

(0002)

(Prior art) There are three exemplary architectures used by practical
CCD imaging devices: frame transfer (FT), full frame transfer
(FFT), and interline transfer (IT). Among these, the method
primarily used for measurementis full frame transfer.

(0003) A distinguishing feature of the full frame transfer
architecture is the lack of an accumulation component and the large
surface area occupied by the light receptor component, which
results in a high light utilization rate, making this architecture
ideally suited to low-light measurement. In contrast, because
incident light is absorbed by a charge transfer electrode, sensitivity
decreases markedly with regards to input with a large absorption
coefficientsuch as light with a short wavelength.

(0004) In the classic structure for the light-receiving component of
a full frame transfer CCD, the entire surface of the light-receiving
componentis covered with polysilicon electrodes, which are in tum
is covered with a PSG film several um thick to separate each
electrode. Notably, polysilicon absorbs light with wavelengths up
to 400 nm as well as electrons, and hence cannot be expected to
provide high sensitivity.

(0005) Inregards to photodetectors of this kind, one such type has
a thin light-receiving component on the substrate measuring on the
order of 15 um to 20 pm, so thatlight can be illuminated from the
back side. The photoelectric conversion component is provided
under the gate oxide film, and the polysilicon electrodes cover the
surface without gap, so although short-wavelength light is absorbed,
there are no obstacles on the back side of the substrate apart from
a thin oxide film, providing some sensitivity to short-wavelengh
light. Such a back-illuminated CCD has sensitivity to short-
wavelength light of approximately 200 nm, and can also be applied
to electron bombarded CCD imaging devices. Because such
devices are able to make use of the intensifying action of the signal
charge produced by electron bombardment, they have the potential
to serve as high-sensitivity imaging devices.

(0006) The reason why itis necessary to perform thinning in back-
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illuminated light-receiving devices such as back-illuminated CCD
is as follows.

(0007) As described above, in a back-illuminated light-receiving
device, light enters from the back side of the substrate, on the
opposite side from the front side where the charge reading
component, etc. are formed. Typically in a CCD, the thickness of
the silicon substrate is 400-600 um. In contrast, the majority of
200-300 nm light with a large absorption coefficient (ultraviolet
light) is absorbed at a shallow depth from the incidence plane.
Concretely, in the case of a silicon substrate, mostincident light is
absorbed at a depth of no greater than 0.01 pm from the incidence
plane.

(0008) Consequently, most photoelectrons produced near the back
side surface will end up being lost due to recombination in the
course of being diffused to the potential well of the CCD on the
front side. Even if a small number of these do reach the potential
well, the signals will have become mixed in the course of diffusing
through that long distance of several 100 pm, resulting in a
pronounced decrease in resolution.

(0009) Furthermore, in a back-illuminated light-receiving device,
in addition to thinning the light-receiving component, it is
necessary to form a layer called an accumulation layer on the back
side incidence surface, and to create a potential slope. FIG. 13 is a
diagram illustrating accumulation. In FIG. 13, the left side of the
drawing represents the back side and the right side of the drawing
represents the frontside. An oxide film 920 servingas a protective
film is formed on the back side of the substrate 910.

(0010) However, the oxide film 920 necessarily has its own oxide
film charge and interface state density, each of which actto deplete
the back side of the substrate 910. In short, from the perspective of
the potential profile, electron potential decreases moving towards
the oxide film 920 on the back side, as indicated by the solid line
in FIG. 13, i.e. photoelectrons produced at a shallow depth from
the back side surface are unable to attain the potential well of the
CCD, and wind up being pushed toward the interface between the
back side oxide film 920 and the silicon, where they await their fate
of recombination. Consequently, after thinning the light-receiving
component and oxidizing the back side, the back side of the
substrate 910 near the back side oxide film 920 is placed in the
accumulation state, resulting in a potential profile of the kind
indicated by the dashed line in FIG. 13. This enables
photoelectrons produced at a shallow depth from the back side
surface to efficiently attain the potential well of the CCD on the
back side.

(0011) The formation of an accumulation layer can be achieved by
ion implantation of boron into the back side oxide film 920,
followed by activation of the implanted atoms by heat treatment at
800 °C or greater.

(0012) In this way, thinned back-illuminated devices have very
good performance, butare frail on a standalone basis due to having
been thinned, and hence require some form of mechanical
reinforcement.
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(0013) A practical example of a thinned back-illuminated light-
receiving device of this kind is a so-called back side CCD
(hereinafter referred to as prior art example 1), in which only the
light-receiving componenton the back side is thinned, andthe area
around it is a “frame portion” that retains the original thickness of
the substrate. The “frame portion” provides the device with its
mechanical strength.

(0014) Alternately, a method of protecting a thinned silicon
substrate and preventingit from foldingis to affix a second silicon
substrate to a first silicon substrate prior to thinning, and then
subsequently to thin the firstsilicon substrate. With this approach,
if voids are present in the light-receiving device, the protective
functionality will be impaired, and the void segments will swell in
size, causing problems with focusing. For this reason,a method has
been proposed to avoid the occurrence of voids (hereinafter
referred to as prior art example 2).

(0015) This method entails first superimposing the mirrored
surface of a first silicon substrate over the mirrored surface of a
second silicon substrate at room temperature. In this state, the first
silicon substrate is free to move relative to the second silicon
substrate. Next, a weight of several 100 g is placed over one
location on the edge of the superimposed silicon substrates.
(0016) This causes a minute amount of deformationthat brings the
silicon substrates into contact and commences bonding
Subsequently, bonding proceeds at a rate of several cm/sec until
finally the substrates are entirely bonded together. The mechanism
for this adhesion hasto do with hydrogen bondsand intermolecular
force, and the strength of the bond is weak.

(0017) Subsequently, to avoid the formation of voids, heat
treatment is performed at 1100 °C, forming Si-O bonds which
provide adhesion of significantbond strength.

(0018) Additionally, a method has been proposed for preventing
the occurrence of voids by using borosilicate glass (BSG) or
borophosphosilicate glass (BPSG) as the adhesive when adjoining
the silicon substrates (Japanese Unexamined Patent Application
Publication S53-114361; hereinafter referred to as prior art
example 3).

(0019) This method preventsthe occurrence of voids by creatinga
path to enable the escape of air, which is the cause of voids.
(0020) In short, this method entails forming a vertical and
horizontal V-shaped groove in the adjoining surfaces of both
silicon substrates, and, after superimposing the silicon substrates
with BSG or BPSG interposed there between, heating to at least the
softening temperature of BSG or BPSG (900-1000 °C) while
applying force to the silicon substrates (for example, by placing a
weight thereupon), and then cooling. During the course of this
adhesion process, trapped air is pushed into the nearby V-shaped
grooves, preventingthe occurrence of voids.

(0021) Additionally, a method has been proposed that entails
depositing (coating) BSG prior to thinning the silicon substrate,
and usingthe coating as reinforcement (Japanese Examined Patent
Application Publication H6-93448; referredto as prior art example
4).
(0022) With this method, BSG is used as the coating material due
to the fact that it adheres and hardens on the surface of the die when
melted, contains roughly 18-28%silicon as a ratio by weight, and
has nearly the same thermal expansion coefficient as the die
(silicon). BSG is pulverized and mixed with a vehicle of
nitrocellulose and solvent (liquid form for coat formation) before
being applied to the surface of the die in paste form. After evening
outthe thickness, heat treatment is performed for 60 minutes at 360
°C, and the vehicle is removed. Next, heat treatmentis performed
at 700-950 °C, pulverized glass is melted, and the melted glass is
adhered to the surface of the die.

(0023)

(Problemto be solved by the invention) Due to the fact that back -
illuminated light-receiving devices and existing methods of
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reinforcement or protection that are capable of being applied to
back-illuminated light-receiving devices are configured in the
manner described above, the following problems exist.

(0024) In the back side-type back-illuminated light-receiving
device in prior art example 1, the thinned portion is prone to
incurring damage during the manufacturing process, such asduring
semiconductor processing or assembly. In short, the thinned
portion can become damaged simply from having something brush
up against it, or from a stream of water hitting too hard againstthe
thinned portion duringrinsing.

(0025) Additionally, because the thinned portion is physically very
frail, this limits how much of an area is able to be thinned, i.e. limits
the light-receiving area. Concretely, 13 mm x 13 mm
(corresponding to a 1024 channel x 1024 channel CCD at 12 ym
pitch) is the limit; this method cannot be applied to light-receiving
devices with a larger area than this.

(0026) Furthermore, due to the fact that the thinned portion is 15-
20 um in thickness, and several um of protective film (silicon oxide
film (SiO2 film), nitride film (SiN film), etc.) and metal trace are
present on the side where the charge readout component has been
formed, stress from the difference with the thermal expansion
coefficient of the silicon that is the main component of the substrate
causes the thinned portion, i.e. the light-receiving surface, to warp
significantly.

(0027) Prior-art example 2 is applicable when the entirety of the
adjoiningsurface is mirrored, butis not applicable in the case of a
back-illuminated light-receiving device, as the visibly uneven
surface on which the charge reading component has been formed
would need to be used as the adjoining surface.

(0028) Furthermore, the high temperature of 1100 °C required
during joining is not feasible after having already completed the
semiconductor treatment process and the metal tracing process.
(0029) In prior art example 3, two structures are conceivable: one
in which the V-shaped grooves are shut off from the outside air
(closed air lock), and one in which the VV-shaped grooves are open
to the outside air (open air lock).
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(0030) In the case of a closed air lock, the air in the V-shaped
grooves will expand during heat treatment, making voids
unavoidable. In contrast, with an open air lock, chemicals or liquid
rinse will enter into the air holes of the VV-shaped grooves during
chemical rinsing prior to adhesion or during a later process, and
will leak out to the exterior during the subsequent heat treatment
process, adversely impacting the performance of the device. In
short, this method is problematic whether the air lock is closed or
open.

(0031) Furthermore, when thinning is performed, some amount of
unevenness is produced at the location where the VV-shaped groove
was formed. This makes it challenging to produce a light-receiving
surface with the appropriate shape (nearly flat).

(0032) In prior art example 4, “suppression of warpage” and
“adhesion” are meant to be achieved by adjusting the silicon
content in the glass; however, findings obtained by the inventors
through experiment have shown it to be challenging to achieve both
“suppression of warpage” and “adhesion” simply by adjusting the
content of silicon in the glass. In short, under conditions
minimizing warpage, it is impossible to achieve strongadhesion to
the die, which is made primarily of silicon. Meanwhile, it is
necessary to accept some small degree of warpage in order to attain
sufficiently strongadhesion.

(0033) Furthermore, applying a coating material to the die before
removing the vehicle causes a reduction in the volume of the
coating material. This means that it is impossible to minimize
warpage even if the thermal expansion coefficient of the coating
material is made to exactly match that of the silicon.

(0034) The presentinvention was devised in view of the aforesaid,
having as its objective to provide a back-illuminated light-
receiving device that has reduced warpage and curvature, and that
is protected by a firmly attached reinforcement.

(0035) Another objective of the present invention is to provide a
manufacturing method for back-illuminated light-receiving device
that makes it possible to manufacture a back-illuminated light-
receiving device that has reduced warpage and curvature, and that
is protected by a firmly attached reinforcement.

(0036)

(Means for solving the problem) The back-illuminated light-
receiving device in claim 1 is a back-illuminated light-receiving
device in which a charge readout component having a one-
dimensional or two-dimensional array is formed on one surface of
a semiconductor slab composed primarily of silicon, and an
accumulation layer formed by ion implantation and subsequent
activation is provided on the back side opposite that where the
charge readout component is formed on the semiconductor slab,
and the energy of EM waves or charged particles entering from the
back side of the semiconductor slab is detected, characterized in
that it is furnished with:

(a) A dielectric film formed on a first area of the surface of the
semiconductor slab including the charge readout component; (b) A
glass layer formed on at least the surface of the aforesaid dielectric
film near the interface between the firstarea and a second areaon
the surface of the aforesaid semiconductor slab enclosingthe first
area; (c) A glass body that is connected to the glass layer by glass
bonding, and that is anodic bonded to the semiconductor slab, and
that additionally surrounds the glass layer, the dielectric film, and
the charge readout component, and has a thermal expansion
coefficientroughly identical to that of the semiconductor slab.
(0037) Here, SiN film or SiO2 film can be used as the dielectric
film.

(0038) Additionally, for the material of the glass layer, it is
acceptable to use borophosphosilicate glass (BPSG),

phosphosilicate glass (PSG), borosilicate glass (BSG), or lead glass.

(0039) In the back-illuminated light-receiving device in claim 1,
the semiconductor slab is furnished, on the side where the light-
receiving elements, including the charge readout component, are
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formed, with a glass body thatis firmly attached by glass bonding
to the glass layer servingas the adhesive on the dielectric film that
protects the light-receiving elements, as well as being fastened by
anodic bonding at the location where the semiconductor slab
material is exposed, and that has roughly the same thermal
expansion coefficient as the semiconductor slab material. As a
result, the semiconductor slab is reinforced by the glass body,
which has more than adequate mechanical strength, thereby
protecting it against mechanical stress.

(0040) In the back-illuminated light-receiving device in claim 1,
the glass body is firmly attached by glass bonding to the glass layer,
as well as having roughly the same thermal expansion coefficient
as the semiconductor slab, such that the glass layer imparts
adequate strength to the attachment between the glass body and the
semiconductor slab, thereby preventing both warpage and
curvature due to temperature change.

(0041) The back-illuminated light-receiving device in claim 4 is
the back-illuminated light-receiving device set forth in claim 1,
characterized in that the glass body is furnished with a recessed
portion correspondingin shape to the convex form of the dielectric
film or the convex form of the glass layer.

(0042) Because the back-illuminated light-receiving device in
claim 4 is furnished with a glass body having a recessed portion
correspondingin shape to the convex form of the dielectric film or
the glass layer, which corresponds to a convexity relative to the
plane of the surface on the surface of the semiconductor slab
lacking the dielectric film or glass layer, it is possible to reduce the
amount of force applied to the semiconductor slab by the joining
of the semiconductor slab to the glass body. Consequently, it is
possible to prevent destruction of the semiconductor slab.

(0043) The back-illuminated light-receiving device in claim 5 is
the back-illuminated light-receiving device in claim 1,
characterized in that the surface of the glass layer facing the top of
the dielectric film is roughly parallel to the front surface of the
semiconductor slab.

(0044) The shape of the surface of the glass body that comes into
contact with the glass layer is generally machined to have a planar
shape. Consequently, in order to secure as much adhesion surface
as possible so as to achieve a firm union, it is preferred that the
surface of the glass layer facing the top of the dielectric film be
given a planar shape.

(0045) In the back-illuminated light-receiving device in claim 5,
because the surface of the glass layer facing the top of the dielectric
film is given a planar shape that is roughly parallel to the surface
of the semiconductor slab, an ideal way of achieving sufficient
adhesion surface is to machine the surface of the glass body that
comes in contact with the glass layer so as to be roughly parallel to
the surface of the glass body that comes in contact with the
semiconductor slab.

(0046) The back-illuminated light-receiving device in claim 6 is
the back-illuminated light-receiving device in claim 1,
characterized in that the glass layer is formed only on the surface
of the dielectric layer near the interface between the firstarea and
the second area.
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(0047) In the back-illuminated light-receiving device in claim 6,
because the glass layer is formed only on the surface near the edge
of the dielectric film, and the inner area is intentionally left as an
air layer, this makes it possible to prevent randomly occurring
voids. Moreover, because any occurringair layers are very shallow,
the viscosity of air acts to good effect to protect the semiconductor
slab by adhering thereto in the manner of adhesive by dint of the
viscosity of air.

(0048) The back-illuminated light-receiving device in claim 7 is
the back-illuminated light-receiving device in claim 1,
characterized in that it is further furnished on the second area with
a frame component made of high-melting material, whose height
from the semiconductor slab is greater than the distance from the
surface of the semiconductor slab to the highest point of the
dielectric.

(0049) In the back-illuminated light-receiving device in claim 7,
because a frame made of high-melting material is provided, it is
possible to prevent lateral movement of the material that forms the
glass layer, which occurs due to softening of the material that forms
the glass layer when performing heat treatment to glass bond the
glass layer to the glass body. This ensures that the glass layer is of
adequate thickness, thereby effectively ensuringthe strength of the
glass bond.

(0050) The manufacturing method for back-illuminated light-
receiving device in claim 8 is furnished with: (a) a first process in
which a charge readout component is formed on a semiconductor
substrate made primarily of silicon; (b) a second process in which
a dielectric film is formed on a first area on the surface of the
semiconductor slab includingthe charge readout component; (c) a
third process in which a glass layer is formed on at least the surface
of the dielectric film near the interface between the firstareaand a
second area on the surface of the semiconductor substrate
surrounding the first area; (d) a fourth process in which a
compound body is produced by mounting a glass body that
surroundsthe glass layer, the dielectric film, and the charge readout
component, and that has a thermal expansion coefficient roughly
identical to that of the semiconductor substrate, onto the
semiconductor substrate, and then anodic bonding the exposed
portion of the semiconductor substrate to the glass body; (e) a fifth
process in which the compound body is heat treated so as to glass
bond the glass layer to the glass body; (f) a sixth process in which
the back side of the semiconductor substrate opposite that upon
which the charge readout component has been formed is machined
so as to transform the semiconductor substrate into a
semiconductor slab; and (g) a seventh process in which ion
implantation followed by activation are performed from the back
side of the semiconductor slabso as to form an accumulation layer.
(0051) In the manufacturing method for back-illuminated light-
receiving device in claim 8, first, a charge readout component is
formed on a semiconductor substrate made primarily of silicon
(first process), after which a dielectric film is formed on a first area
of the surface of the semiconductor substrate including the charge
readout component (second process), whereupon a glass layer is
formed on at least the surface of the dielectric film near the
interface between the firstareaand a second area on the surface of
the semiconductor substrate surrounding the first area (third
process).

(0052) Next, a glass body surroundingthe glass layer, the dielectric
film, and the charge readout component and having roughly the
same thermal expansion coefficientas the semiconductor substrate
is placed on the semiconductor substrate, and the glass body is
anodic bonded to the exposed portions of the semiconductor
substrate, producing a compound body (fourth process). This
results in a temporary bond between the semiconductor substrate
and the glass body, but the fact that the semiconductor substrate
has not yet been thinned at this point ensures that it has adequate
strength to preventdestruction.
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(0053) Next, the compound body is heat-treated to glass-bond the
glass layer to the glass body (fifth process). As a result, a strong
and permanent bond is created between the semiconductor
substrate and the glass body by means of the glass layer. Because
the semiconductor substrate has roughly the same thermal
expansion coefficient as the glass body, after glass bonding, there
will effectively be no residual stress even after retuming to room
temperature.

(0054) Next, the back side of the semiconductor substrate opposite
that upon which the charge readout component has been formed is
machined, transforming the semiconductor substrate into a
semiconductor slab (sixth process), after which ion implantation
and then activation are performed from the back side of the
semiconductor slab, forming an accumulation layer (seventh
process).

(0055) In this way, because the semiconductor slab has no residual
stress, and reinforcement is provided by a glass body that possesses
adequate mechanical strength, itis possible to manufacture a back-
illuminated light-receivingdevice made from a semiconductor slab
that is protected from mechanical stress.

(Claim 9) The manufacturing method for back-illuminated light-
receiving device in claim 9 is furnished with: (a) a first process in
which acharge readout componentis formed onthe semiconductor
substrate; (b) asecond processin which a dielectric film is formed
on a first area on the surface of the aforesaid semiconductor slab
including the charge readout component; (c) a third process in
which a glass layer is formed on at least an area on the surface of
the glass body correspondingto the area near the interface between
the firstareaand a second area on the surface of the semiconductor
substrate surrounding the firstarea; (d) a fourth process in which a
compound body is produced by mounting a glass body having a
thermal expansion coefficient roughly identical to that of the
semiconductor substrate on which the glass layer is mounted onto
the semiconductor substrate, and anodic bonding the exposed
portion of the glass body to the exposed portion of the
semiconductor substrate;

(e) a fifth process in which the compound body is heat-treated to
glass bond the glass layer to the glass body; (f) a sixth process in
which the back side of the semiconductor substrate opposite that
upon which the charge readout component has been formed is
machined so as to transform the semiconductor substrate into a
semiconductor slab; and (g) a seventh process in which ion
implantation followed by activation are performed from the back
side of the semiconductor slabso as to form an accumulation layer.
(0057) In the manufacturing method for back-illuminated light-
receiving device in claim 9, first, a charge readout component is
formed on a semiconductor substrate made primarily of silicon
(first process), after which a dielectric film is formed on a first area
on the surface of the semiconductor slab including the charge
readout component (second process).

(0058) Next, instead of forminga glass layer on the dielectric film
as in the manufacturing method for back-illuminated light-
receiving device in claim 8, a glass layer is formed on the glass
body side (third process).

(0059) Next, the glass body on which the glass layer was just
formed, which encloses the dielectric film and the charge readout
componentand has roughly the same thermal expansion coefficient
as the semiconductor substrate, is mounted on the semiconductor
substrate, and acompound body is produced by anodic bonding the
glass body to the exposed portions of the semiconductor substrate
(fourth process). This results in a temporary bond between the
semiconductor substrate and the glass body, but the fact that the
semiconductor substrate has not yet been thinned at this point
ensures that it has adequate strength to preventdestruction.
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(0060) Next, the compound body is heat-treated to glass-bond the
glass layer to the glass body (fifth process). As a result, a strong
and permanent bond is created between the semiconductor
substrate and the glass body by means of the glass layer. Because
the semiconductor substrate has roughly the same thermal
expansion coefficient as the glass body, after glass bonding, there
will effectively be no residual stress even after returning to room
temperature.

(0061) Next, the back side of the semiconductor substrate opposite
that upon which the charge readout component has been formed is
machined, transforming the semiconductor substrate into a
semiconductor slab (sixth process), after which ion implantation
and then activation are performed from the back side of the
semiconductor slab, forming an accumulation layer (seventh
process).

(0062) Thus, with the manufacturing method for back-illuminated
light-receiving device in claim 9, as in the case of the
manufacturing method for back-illuminated light-receiving device
in claim 8, because the semiconductor slab has no residual stress,
and reinforcement is provided by a glass body that possesses
adequate mechanical strength, itis possible to manufacture a back-
illuminated light-receiving device made from a semiconductor slab
that is protected from mechanical stress.

(0063) With the manufacturing method for back-illuminated light-
receivingdevice in claim 8 or claim 9, it is possible to use SiN film
or SiOz film for the dielectric film.

(0064) Additionally, itis possible to use borophosphosilicate glass
(BPSG), phosphosilicate glass (PSG), borosilicate glass (BSG), or
lead glass as the material for the glass layer.

(0065) The manufacturing method for back-illuminated light-
receivingdevice in claim 12 is the manufacturing method for back-
illuminated light-receiving device in claim 8 or claim 9,
characterized in that the glass body is furnished with a recessed
portion corresponding in shape to the convex form of the dielectric
film or the convex form of the glass layer.

(0066) Because the manufacturing method for back-illuminated
light-receiving device in claim 12 is furnished with a glass body
having a recessed portion corresponding in shape to the convex
form of the dielectric film or the glass layer, which correspondsto
a convexity relative to the plane of the surface on the surface of the
semiconductor slab lacking the dielectric film or glass layer, it is
possible to reduce the amount of force applied to the semiconductor
slab by the anodic bonding of the semiconductor slab to the glass
body. This consequently reduces the amount of force applied to the
semiconductor slab after thinning the semiconductor substrate,
thereby making it possible to prevent destruction during the
manufacturing process, which is ideal for the manufacture of the
back-illuminated light-receivingdevice in claim 4.

(0067) The manufacturing method for back-illuminated light-
receivingdevice in claim 13 is the manufacturing method for back-
illuminated light-receiving device in claim 8, characterized in that
an eighth process, in which the top surface of the aforesaid
dielectric film of the glass layer is made to be roughly parallel to
the surface of the semiconductor substrate, is further provided
between the third process and the fourth process.

(0068) With the manufacturingmethod for back-illuminated light
receiving device in claim 13, the surface of the glass layer facing
the top of the dielectric film is given a planar shape parallel to the
surface of the semiconductor substrate prior to anodic bonding, so
the glass body can be given adequate contact area for mountingon
the semiconductor substrate by machining the shape of the surface
of the glass body that comes into contact with the glass layer in
such away as to be roughly parallel to the surface of the glass body
that comes into contact with the semiconductor substrate. This
makes it possible to achieve adequate bonding area for glass
bonding, thereby creating a strong bond, which is ideal for
manufacturing the back-illuminated light-receiving device in clam
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(0069) The manufacturing method for back-illuminated light-
receivingdevice in claim 14 is the manufacturing method for back-
illuminated light-receiving device in claim 8, characterized in that
the third process is a process in which the glass layeris formed only
on the surface of the dielectric film near the interface between the
firstareaand the second area.

(0070) With the manufacturingmethod for back-illuminated light-
receivingdevice in claim 14, itis possible to form a glass layer only
on the surface near the edge of the dielectric film, and to
intentionally leave the interior as an air layer, thereby avoidingthe
occurrence of voids, which is ideal for manufacturing the back-
illuminated light-receiving device in claim 6.

(0071) The manufacturing method for back-illuminated light-
receivingdevice in claim 15 is the manufacturing method for back-
illuminated light-receiving device in claim 9, characterized in that
the third process is a process in which the glass layer is formed on
an area of the surface of the glass body correspondingonly to the
surface of the dielectric film near the interface between the first
area and the second area.

(0072) With the manufacturingmethod for back-illuminated light-
receivingdevice in claim 15, it is possible to prevent the occurrence
of random voids because the glass layer is formed only on the
surface near the edge of the dielectric film, and the interior is
intentionally left as an air layer, which is ideal for manufacturing
the back-illuminated light-receivingdevice in claim 6.

(0073) Moreover, because the air layer formed by the
manufacturing method for back-illuminated light-receiving device
in claim 14 and claim 15 is very shallow, the viscosity of air acts
to good effect to protect the semiconductor slab by adhering thereto
in the manner of adhesive by dint of the viscosity of air.

(0074) The manufacturing method for back-illuminated light-
receivingdevice in claim 16 is the manufacturing method for back-
illuminated light-receiving device in claim 8 or claim 9,
characterized in that a ninth process, in which a frame component
made of high-melting material, whose height from the
semiconductor substrate is greater than the distance from the
surface of the semiconductor substrate to the highest point of the
dielectric, is formed on the second area, is further provided
between the second process and the third process.

(0075) With the manufacturingmethod for back-illuminated light-
receiving device in claim 16, a frame component made of high-
melting material is formed in a ninth process, thereby preventing
lateral movement of the material that forms the glass layer, which
occurs due to softening of the material that forms the glass layer
when performing heat treatment to glass bond the glass layer to the
glass body. This consequently ensures that the glass layer is of
adequate thickness, thereby effectively ensuringthe strength of the
glass bond, which is ideal for manufacturing the back-illuminated
light-receiving device in claim 7.

(0076)

TSMC EX. 1009 Page 7 of 33



®
13

(Embodiment of the invention) Embodiments of the back-
illuminated light-receiving device and manufacturing method for
back-illuminated light-receiving device of the present invention
will be described below with reference to the attached drawings.
Note that when describing the drawings, identical components will
be referenced with the same symbols, and will not be described
again so as to avoid repetition.

(0077) (Embodiment 1) FIG. 1 is a configuration drawing of the
back-illuminated light-receiving device of the present invention.
As shown in FIG. 1, this device is furnished with (a) a charge
readout component 110 formed on the surface of a semiconductor
slab 100; (b) adielectric film 200 formed on an area on the surface
of the semiconductor slab 100 including the charge readout
component 110; (c) a glass layer 310 formed in such a way as to
surround the dielectric film 200; (d) a glass body 410 having
roughly the same thermal expansion coefficient as the
semiconductor slab100, and being glass-bonded to the glass layer
310 and anodic bonded to the semiconductor slab 110 in such a
way as to surround the glass layer 310; (e) a high impurity
concentration layer (accumulation layer) 520 formed by
performingion implantation followed by heat treatment; and (f) an
insulation film 510 formed on the surface ofthe accumulation layer
520.

(0078) The charge readout component 110 is furnished with a
charge coupled device (CCD) 120 as well as a polysilicon electrode
130 formed on the CCD 120, interlayer insulation film 140, and
metal trace 150, etc.

(0079) SiN film or SiOz film is suitable for use as the dielectric film
200.

(0080) BPSG, PSG, BSG, or lead glass is suitable the material for
the glass layer 310.

(0081) In the back-illuminated light-receiving device in this
embodiment, the semiconductor slab 100 is furnished, on the side
where the light-receiving elements, including the charge readout
component 110, are formed, with a glass body 410 that is firmly
attached by glass bondingto the glass layer 310 servingas the
adhesive on the dielectric film 200 that protects the light-receiving
elements, as well as being fastened by anodic bonding at the
location where the material of the semiconductor slab 100 is
exposed, and that has roughly the same thermal expansion
coefficient as the material of the semiconductor slab 100. As a
result, the semiconductor slab 100 is reinforced by the glass body
410, which has more than adequate mechanical strength, thereby
protecting it against mechanical stress.

(0082) In the back-illuminated light-receiving device in this
embodiment, the glass body 410 is firmly attached by glass
bonding to the glass layer 310, and the glass body 410 also has
roughly the same thermal expansion coefficient as the
semiconductor slab 100, such that the glass layer 310 imparts
adequate strength to the attachment between the glass body 410 and
the semiconductor slab 100, thereby preventingboth warpage and
curvature due to temperature change.

(0083) The back-illuminated light-receiving device in this
embodiment is manufactured as follows. FIG. 2 and FIG. 3 are
manufacturing process drawings of the back-illuminated light-
receiving device in this embodiment.

(0084) First, after forming a charge readout component 110 on a
semiconductor substrate 101 made primarily of silicon, a dielectric
film 200 is formed around the charge readout component 110 (see
FIG. 2 (a)). The dielectric film 200 and metal trace are removed
from the outer edge of the charge readout component 110to expose
the semiconductor substrate 101.

(0085) Next, aglass layer 310 is formed surrounding the dielectric
film 200 (see FIG. 2 (b)). For the material of the glass layer 310,
bonding glass such as BPSG, for example, can be deposited 1o a
thickness of roughly 3 um.

(0086) Next, a glass body 410 having roughly the same thermal
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expansion coefficient as the semiconductor substrate 101 is placed
on the semiconductor substrate 101 in such away as to enclose the
glass layer 310, and the exposed portions of the semiconductor
substrate 101 are anodic bondedto the glass body 410 (FIG. 2 (c)).
(0087) A suitable thickness for the glass body 410is 0. 5mm to 1
mm. Concretely, borosilicate glass containing alkali metal such as
CORNING #7740 or the like is ideally suited to this purpose. The
thermal expansion coefficient of CORNING #7740 is 3. 4 x 109,
which is a close match to the thermal expansion coefficient of
silicon (3 x 10°9).

(0088) Note that the glass body 410 is furnished, by means of
etching, with a recessed portion corresponding in shape to the
convex shape into which the glass layer 310 is formed on the
semiconductor substrate 101, but may alternately be affixed in a
flat shape by making use of the elastic deformation of the glass
body and the elastic deformation of the semiconductor substrate
101.

(0089) The semiconductorsubstrate 101 and the glass body 410 are
anodic bonded by means of an anodic bonding device, but because
anodic bonding is performed at a low temperature of no greater
than 400 °C, the glass layer 310 does not melt. Consequently, at
this point in time, the glass layer 310 and the glass body 410 are
not yet glass bonded. Additionally, although the glass body 410
accumulates a charge of on the order of 500 V during anodic
bonding, this does not cause destruction of the gate oxide film of
the CCD 120 of the charge readout component 110.

(0090) In this way, a temporary bond is formed between the
semiconductor substrate 101 and the glass body 410, but the fact
that the semiconductor substrate 101 has not yet been thinned at
this point ensures that it has adequate strength to prevent
destruction.

(0091) Next, heat treatment is performed to glass-bond the glass
layer 310 to the glass body 410 (see FIG. 3 (2)). If the glass layer
is made of BPSG, a suitable temperature for heating is 800-900 °C.
(0092) Due to the presence of an anodic bond on the edge thereof,
force acts on the glass layer 310 in such away as to press it toward
the glass body 410, establishinga strongbond. Furthermore, there
is no need to use a weight or the like during heat treatment. If
anodic bondingis not performed, itis necessary to use a weight or
the like to apply pressure; however, as the surface area increases, it
becomes difficult to apply pressure uniformly, increasing the
likelihood of warping or curvature occurring, in some extreme
cases even leading to partial failure to establish a glass bond.
(0093) In this way, a strongand permanent bond is created between
the semiconductor substrate 101 and the glass body 410 by means
of the glass layer 310. Because the semiconductor substrate has
roughly the same thermal expansion coefficientas the glass body,
after glass bonding, there will effectively be no residual stress even
after returningto room temperature.
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(0094) Next, the back side of the semiconductor substrate 101
opposite that upon which the charge readout component 110 has
been formed is machined, transforming the semiconductor
substrate 101 into asemiconductorslab 100 (see FIG. 3 (b)). Next,
after growing an oxide film 510 on the back side of the
semiconductor slab 100, ion implantation followed by high-
temperature annealing is performed, forming an accumulation
layer (P* layer) 520 (see FIG. 3 (c)).

(0095) In this way, because the semiconductor slab 100 has no
residual stress, and reinforcementis provided by a glass body that
possesses adequate mechanical strength, it is possible to
manufacture a back-illuminated light-receiving device that is
protected from mechanical stress.

(0096) (Embodiment 2) FIG. 4 is a configuration drawing of the
back-illuminated light-receiving device of the present invention.
As shown in FIG. 4, this device differs from embodiment 1 in that
the glass layer 320 has been flattened, and there is essentially no
air layer between the glass layer 320 and glass body 420, which is
made of the same material as the glass body 410 in embodiment 1.
(0097) In this embodiment, as in the case of embodiment 1, SiN
film or SiO2 film is suitable for use as the dielectric film 200, and
GPSG, PSG, BSG, or lead glass is suitable for use as the material
for the glass layer 320.

(0098) In the back-illuminated light-receiving device in this
embodiment, as in the case of embodiment 1, the semiconductor
slab 100 is furnished, on the side where the light-receiving
elements, including the charge readout component 110, are formed,
with a glass body 420 that is firmly attached by glass bonding to
the glass layer 320 serving as the adhesive on the dielectric film
200 that protects the light-receiving elements, as well as being
fastened by anodic bonding at the location where the material of
the semiconductor slab 100 is exposed, and that has roughly the
same thermal expansion coefficient as the material of the
semiconductor slab 100. As aresult, the semiconductorslab 100 is
reinforced by the glass body 420, which has more than adequate

mechanical strength, thereby protecting it against mechanical stress.

(0099) In the back-illuminated light-receiving device in this
embodiment, as in the case of embodiment 1, the glass body 420 is
firmly attached by glass bonding to the glass layer 320, and the
glass body 420 also has roughly the same thermal expansion
coefficientas the semiconductor slab 100, suchthatthe glass layer
320 imparts adequate strength to the attachment between the glass
body 420 and the semiconductor slab 100, thereby preventing both
warpage and curvature due to temperature change.

(0100) The back-illuminated light-receiving device in this
embodiment is manufactured as follows. FIG. 5 and FIG. 6 are
manufacturing process drawings of the back-illuminated light-
receiving device in this embodiment.

(0101) First, as in the case of embodiment 1, after forminga charge
readout component 110 on a semiconductor substrate 101 made
primarily of silicon, a dielectric film 200 is formed around the
charge readout component 110 (see FIG. 5 (a)), after which a glass
layer 320 is formed around the dielectric film 200 (see FIG. 5 (b)).
(0102) Next, the glass layer 310 is flattened into a glass layer 320
(see FIG. 5 (c)). Flattening can be performed in a suitable manner
usingeither chemical, mechanical, or polishingtechnology.
(0103) Next, a glass body 420 having roughly the same thermal
expansion coefficientas the semiconductor substrate 101 is placed
on the semiconductor substrate 101 in such a way as to enclose the
glass layer 320, and the exposed portions of the semiconductor
substrate 101 are anodic bonded to the glass body 420 (FIG. 5 (d)).
(0104) As inthe case of embodiment 1, a suitable thickness for the
glass body 420is 0.5 mmto 1 mm. Concretely, borosilicate glass
containing alkali metal such as CORNING #7740 or the like is
ideally suited to this purpose. Note that the glass body 420 is
furnished, by means of etching, with a recessed portion
corresponding in shape to the convex shape into which the glass
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layer 320 is formed on the semiconductor substrate 101, toward the
aim of achievinga good fitwith the glass layer 320.

(0105) As in the case of embodiment 1, at this point in time, the
glass layer 320 and the glass body 420 are not yet glass bonded,
and additionally, although the glass body 420 accumulates a charge
of on the order of 500 V during anodic bonding, this does not cause
destruction of the gate oxide film of the CCD 120 of the charge
readout component110.

(0106) In this way, a temporary bond is formed between the
semiconductor substrate 101 and the glass body 420, but the fact
that the semiconductor substrate 101 has not yet been thinned at
this point ensures that it has adequate strength to prevent
destruction.

(0107) Next, heat treatment is performed to glass-bond the glass
layer 320 to the glass body 420 (see FIG. 6 (a)). As in the case of
embodiment 1, due to the presence of an anodic bond on the edge
thereof, force acts on the glass layer 320 in such a way as to press
it toward the glass body 420, establishing a strong bond.
Furthermore, the increased bond area between the glass layer 320
and the glass body 420 results in an extremely strong bond.
Furthermore, as in the case of embodiment 1, there is no need to
use a weight or the like during heat treatment.

(0108) In this way, a strongand permanent bond is created between
the semiconductor substrate 101 and the glass body 420 by means
of the glass layer 320. Because the semiconductor substrate 101 has
roughly the same thermal expansion coefficient as the glass body
420, after glass bonding, there will effectively be no residual stress
even after returning to room temperature.

(0109) Next, the back side of the semiconductor substrate 101
opposite that upon which the charge readout component 110 has
been formed is machined, transforming the semiconductor
substrate 101 into a semiconductorslab 100 (see FIG. 6 (b)). Next,
after growing an oxide film 510 on the back side of the
semiconductor slab 100, ion implantation followed by high-
temperature annealing is performed, forming an accumulation
layer (P* layer) 520 (see FIG. 6 (c)).

(0110) In this way, because the semiconductor slab 100 has no
residual stress, and reinforcement s provided by a glass body that
possesses adequate mechanical strength, it is possible to
manufacture a back-illuminated light-receiving device that is
protected from mechanical stress.
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(0111) (Embodiment 3) FIG. 7 is a configuration drawing of the
back-illuminated light-receiving device of the present invention.
As shown in FIG. 7, this device differs from embodiment 1 in that
a glass layer 330 is formed only near the edge of the dielectric film
200, and an air layer is actively provided between the glass layer
330 and the glass body 430, which is made of the same material as
the glass body 410 in embodiment 1.

(0112) In this embodiment, too, as in the case of embodiment 1,
SiN film or SiOz film is suitable for use as the dielectric film 200,
and GPSG, PSG, BSG, or lead glass is suitable for use as the
material for the glass layer 330.

(0113) In the back-illuminated light-receiving device in this
embodiment, as in the case of embodiment 1, the semiconductor
slab 100 is furnished, on the side where the light-receiving
elements, including the charge readout component 110, are formed,
with a glass body 430 that is firmly attached by glass bonding to
the glass layer 330 serving as the adhesive on the dielectric film
200 that protects the light-receiving elements, as well as being
fastened by anodic bonding at the location where the material of
the semiconductor slab 100 is exposed, and that has roughly the
same thermal expansion coefficient as the material of the
semiconductor slab 100. As aresult, the semiconductorslab 100 is
reinforced by the glass body 430, which has more than adequate
mechanical strength, thereby providing protection from
mechanical stress.

(0114) In the back-illuminated light-receiving device in this
embodiment, as in the case of embodiment 1, the glass body 430 is
firmly attached by glass bonding to the glass layer 330, and the
glass body 430 also has roughly the same thermal expansion
coefficientas the semiconductor slab 100, suchthat the glass layer
330 imparts adequate strength to the attachment between the glass
body 430 and the semiconductor slab 100, thereby preventing both
warpage and curvature due to temperature change.

(0115) The back-illuminated light-receiving device in this
embodiment is manufactured as follows. FIG. 8 and FIG. 9 are
manufacturing process drawings of the back-illuminated light-
receiving device in this embodiment.

(0116) First, as in the case of embodiment 1, a charge readout
component 110 is formed on a semiconductor substrate 101 made
primarily of silicon, after which a dielectric film 200 is formed
around the charge readout component 110 (see FIG. 8 (a)), and then
a glass layer 330 is formed near the edge of the dielectric film 200
(see FIG. 8 (b)).

(0117) Next, a glass body 430 having roughly the same thermal
expansion coefficientas the semiconductor substrate 101 is placed
on the semiconductor substrate 101 in such away as to enclose the
glass layer 330 and the dielectric film 200, and the exposed
portions of the semiconductor substrate 101 are anodic bonded to
the glass body 430 (FIG. 8 (c)).

(0118) As in the case of embodiment 1, a suitable thickness for the
glass body 430is 0.5 mmto 1 mm. Concretely, borosilicate glass
containing alkali metal such as CORNING #7740 or the like is
ideally suited to this purpose. Note that the glass body 430 is
furnished, by means of etching, with a recessed portion
corresponding in shape to the convex shape into which the glass
layer 330 is formed on the semiconductor substrate 101.

(0119) As in the case of embodiment 1, at this point in time, the
glass layer 330 and the glass body 430 are not yet glass bonded,
and additionally, although the glass body 430 accumulates a charge
of on the order of 500 V duringanodic bonding, this does not cause
destruction of the gate oxide film of the CCD 120 of the charge
readout component 110.

(0120) In this way, a temporary bond is formed between the
semiconductor substrate 101 and the glass body 430, but the fact
that the semiconductor substrate 101 has not yet been thinned at
this point ensures that it has adequate strength to prevent
destruction.
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(0121) Next, heat treatment is performed to glass-bond the glass
layer 330 to the glass body 430 (see FIG. 9 (a)). As in the case of
embodiment 1, due to the presence of an anodic bond on the edge
thereof, force acts on the glass layer 330 in such a way as to press
it toward the glass body 430, establishing a strong bond.
Furthermore, because the air layer formed between the dielectric
film 200 and the glass body 430 is very shallow, the viscosity of
air acts has the same effect as if adhesive had been applied.
Providing an air layer on the interior in this way also makes it
possible to preventthe occurrence of random voids.

(0122) In this way, a strongand permanent bond is created between
the semiconductor substrate 101 and the glass body 430 by means
of the glass layer 330 and the air layer. Because the semiconductor
substrate 101 has roughly the same thermal expansion coefficient
as the glass body 430, after glass bonding, there will effectively be
no residual stress even after returningto room temperature.
(0123) Next, the back side of the semiconductor substrate 101
opposite that upon which the charge readout component 110 has
been formed is machined, transforming the semiconductor
substrate 101 into a semiconductorslab 100 (see FIG. 9 (b)). Next,
after growing an oxide film 510 on the back side of the
semiconductor slab 100, ion implantation followed by high-
temperature annealing is performed, forming an accumulation
layer (P* layer) 520 (see FIG. 9 (c)).

(0124) In this way, because the semiconductor slab 100 has no
residual stress, and reinforcement is provided by a glass body that
possesses adequate mechanical strength, it is possible to
manufacture a back-illuminated light-receiving device that is
protected from mechanical stress.

(0125) (Embodiment4) FIG. 10 is a configuration drawing of the
back-illuminated light-receiving device of the present invention.
As shown in FIG. 10, this device differs from embodiment 2 in that
a frame component 342 made of high-melting material and formed
on the edge of the dielectric film 200 is provided, and in that a glass
layer 341 is formed on the interior of the frame component.
(0126) In this embodiment, too, as in the case of embodiment 1,
SiN film or SiO> film is suitable for use as the dielectric film 200,
and GPSG, PSG, BSG, or lead glass is suitable for use as the
material for the glass layer 341. Furthermore, SiO2 is suitable for
use as the material for the frame component 342.

(0127) In the back-illuminated light-receiving device in this
embodiment, as in the case of embodiment 1, the semiconductor
slab 100 is furnished, on the side where the light-receiving
elements, includingthe charge readout component 110, are formed,
with a glass body 440 that is firmly attached by glass bonding to
the glass layer 341 serving as the adhesive on the dielectric film
200 that protects the light-receiving elements, as well as being
fastened by anodic bonding at the location where the material of
the semiconductor slab 100 is exposed, and that has roughly the
same thermal expansion coefficient as the material of the
semiconductor slab 100. As a result, the semiconductorslab 100 is
reinforced by the glass body 440, which has more than adequate
mechanical strength, thereby providing protection from
mechanical stress.
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(0128) In the back-illuminated light-receiving device in this
embodiment, as in the case of embodiment 1, the glass body 440 is
firmly attached by glass bonding to the glass layer 341, and the
glass body 440 also has roughly the same thermal expansion
coefficientas the semiconductor slab 100, suchthat the glass layer
341 imparts adequate strength to the attachment between the glass
body 440 and the semiconductor slab 100, thereby preventing both
warpage and curvature due to temperature change.

(0129) The back-illuminated light-receiving device in this
embodimentis manufactured as follows. FIG. 11 and FIG. 12 are
manufacturing process drawings of the back-illuminated light-
receiving device in this embodiment.

(0130) First, as in the case of embodiment 1, a charge readout
component 110 is formed on a semiconductor substrate 101 made
primarily of silicon, after which a dielectric film 200 is formed
around the charge readout component 110 (see FIG. 11 (a)). A
frame component 342 made of high-melting material is then
formed (see FIG. 11 (b)), after which a glass layer 341 is formed
on the interior of the frame component 342 (see FIG. 11 (c)).
(0131) Next, a glass body 440 having roughly the same thermal
expansion coefficient as the semiconductor substrate 101 is placed
on the semiconductor substrate 101 in such a way as to enclose the
glass layer 341 and the frame component 342, and the exposed
portions of the semiconductor substrate 101 are anodic bonded to
the glass body 440 (FIG. 11 (d)).

(0132) Asinthe case of embodiment 1, a suitable thickness for the
glass body 440is 0.5 mmto 1 mm. Concretely, borosilicate glass
containing alkali metal such as CORNING #7740 or the like is
ideally suited to this purpose. Note that the glass body 440 is
furnished, by means of etching, with a recessed portion
corresponding in shape to the convex shape into which the glass
layer 341 and the frame component 342 are formed on the
semiconductor substrate 101.

(0133) As in the case of embodiment 1, at this point in time, the
glass layer 341 and the glass body 440 are not yet glass bonded,
and additionally, although the glass body 440 accumulates a charge
of on the order of 500 V duringanodic bonding, this does not cause
destruction of the gate oxide film of the CCD 120 of the charge
readout component110.

(0134) In this way, a temporary bond is formed between the
semiconductor substrate 101 and the glass body 440, but the fact
that the semiconductor substrate 101 has not yet been thinned at
this point ensures that it has adequate strength to prevent
destruction.

(0135) Next, heat treatment is performed to glass-bond the glass
layer 341 to the glass body 440 (see FIG. 12 (2)). As in the case of
embodiment 1, due to the presence of an anodic bond on the edge
thereof, force acts on the glass layer 341 in such a way as to press
it toward the glass body 440, establishing a strong bond.
Furthermore, flow of the material of the glass layer 341 is
prevented by the frame component 342.

(0136) In this way, a strongand permanent bond is created between
the semiconductor substrate 101 and the glass body 440 by means
of the glass layer 341. Because the semiconductor substrate 101 has
roughly the same thermal expansion coefficient as the glass body
440, after glass bonding, there will effectively be no residual stress
even after returning to room temperature.

(0137) Next, the back side of the semiconductor substrate 101
opposite that upon which the charge readout component 110 has
been formed is machined, transforming the semiconductor
substrate 101 into a semiconductor slab 100 (see FIG. 12 (b)). Next,
after growing an oxide film 510 on the back side of the
semiconductor slab 100, ion implantation followed by high-
temperature annealing is performed, forming an accumulation
layer (P* layer) 520 (see FIG. 12 (c)).

(0138) In this way, because the semiconductor slab 100 has no
residual stress, and reinforcement is provided by a glass body that
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possesses adequate mechanical strength, it is possible to
manufacture a back-illuminated light-receiving device that is
protected from mechanical stress.

(0139) The presentinvention is not limited to the above-described
embodiments, and may be altered variously. For example, in the
above-described embodiments 1-3, a glass layer is formed on the
surface of the dielectric film before performinganodic bonding of
the semiconductor substrate and the glass body, after which glass
bondingis performed by heat treatment; however, itis also possible
to form a glass layer on the glass body before performing anodic
bonding of the semiconductor substrate and the glass body, and to
then perform glass bonding by heat treatment. This method is also
suitable for manufacturing the back-illuminated light-receiving
device of the presentinvention.

(0140)

(Effect of the invention) As described in detail above, according to
the back-illuminated light-receiving device of the present invention,
a glass body having roughly the same thermal expansion
coefficientas the material of the semiconductor slab, and which is
firmly attached by both glass bonding to a glass layer serving as
adhesive on the dielectric film that protects the light-receiving
elements and by anodic bonding to the exposed portion of the
semiconductor slab material, is provided on the side of a
semiconductor slab where the light-receiving elements, including
the charge readout component, are formed, as a result of which the
semiconductor slab is reinforced by a glass body having adequate
mechanical strength, which both imparts protection against
mechanical stress as well as reducing warping and bending, and
makes it possible to realize a back-illuminated light-receiving
device that is protected by a firmly attached reinforcement.
(0141) Additionally, according to the manufacturing method for
back-illuminated light-receiving device of the presentinvention, a
temporary bond is first formed by anodic bonding the
semiconductor substrate to a glass body serving as reinforcement,
after which a firm bond is created by glass bondingthe glass layer
serving as adhesive on the dielectric film that protects the light-
receiving elements, which makes it possible to manufacture the
back-illuminated light-receiving device of the present invention,
which is protected by firmly attached reinforcement, while
suppressingthe occurrence of warpingand bending.
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(Brief description of the drawings)

(FIG. 1) Configuration drawing of the back-illuminated light-
receiving device in embodiment 1 of the presentinvention.

(FIG. 2) Manufacture process (first half) drawing of the back-
illuminated light-receiving device in embodiment 1 of the present
invention.

(FIG. 3) Manufacture process (second half) drawing of the back-
illuminated light-receiving device in embodiment 1 of the present
invention.

(FIG. 4) Configuration drawing of the back-illuminated light-
receiving device in embodiment 2 of the presentinvention.

(FIG. 5) Manufacture process (first half) drawing of the back-
illuminated light-receiving device in embodiment2 of the present
invention.

(FIG. 6) Manufacture process (second half) drawing of the back-
illuminated light-receiving device in embodiment 2 of the present
invention.

(FIG. 7) Configuration drawing of the back-illuminated light-
receiving device in embodiment 3 of the presentinvention.

(FIG. 8) Manufacture process (first half) drawing of the back-
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illuminated light-receiving device in embodiment 3 of the present
invention.

(FIG. 9) Manufacture process (second half) drawing of the back-
illuminated light-receiving device in embodiment 3 of the present
invention.

(FIG. 10) Configuration drawing of the back-illuminated light-
receiving device in embodiment 4 of the presentinvention.

(FIG. 11) Manufacture process (first half) drawing of the back-
illuminated light-receiving device in embodiment 4 of the present
invention.

10 (FIG. 12) Manufacture process (second half) drawing of the back -
illuminated light-receiving device in embodiment4 of the present
invention.

(FIG. 13) Diagram illustrating accumulation.
(Description of the symbols)
100: semiconductor slab, 101: semiconductor substrate, 110:
charge readout component, 200: dielectric film, 310, 320, 330, 341:
glass layer, 342: frame component, 410, 420,430, 440: glass body,
510: oxide film, 520: accumulation layer.
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TRANSPERFECT

I, Benjamin Ettinger, declare as follows:

1. lam over eighteen years of age and fully competent to make this affidavit. | have
personal knowledge of the information contained in this affidavit, and it is true and
accurate to the best of my knowledge.

2. lam atranslator fluent in the Japanese and English languages. | provide this
affidavit on behalf of TransPerfect.

3. | translated “JPH10-116977” from Japanese to English and attest that it is a true and
accurate translation.

| hereby declare that all statements made herein of my own knowledge are true and that
all statements made on the information and belief are believed to be true; | declare under
penalty of perjury under the laws of the United States Of America that the foregoing is
true and correct, and understand that willful false statements and the like are punishable
by fine or imprisonment, or both pursuant to 18 U.S.C. 1001.

Benjamin Ettinger

LINGUIST NAME

S

>~

Signature of Linguist

LANGUAGE AND TECHNOLOGY SOLUTIONS FOR GLOBAL BUSINESS
1250 BROADWAY, 32ND FLOOR, NEW YORK, NY 10001 | T 212.689.5555 | F212.689.1059 | WWW.TRANSPERFECT.COM
OFFICES IN 90 CITIES WORLDWIDE
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