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(54) BACK-ILLUMINATED SOLID-STATE IMAGING ELEMENT

(57) A back-illuminated solid-state imaging element
includes a semiconductor substrate which has a front
surface and a back surface provided with a recess, and
in which a thinned section, which is a bottom section of
the recess, is an imaging area, a signal read-out circuit
formed on the front surface of the semiconductor sub-
strate, a boron layer formed on at least the back surface
of the semiconductor substrate and a lateral surface of
the recess, a metal layer formed on the boron layer, and
provided with an opening opposing a bottom surface of
the recess, and an anti-reflection layer formed on the
bottom surface of the recess.
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Description

Technical Field

[0001] The present disclosure relates to a back-illumi-
nated solid-state imaging element.

Background Art

[0002] There is a back-illuminated solid-state imaging
element in which a recess is provided on the back surface
of a semiconductor substrate having a signal read-out
circuit formed on the front surface thereof, and a thinned
section which is the bottom section of the recess is used
as an imaging area. In such a back-illuminated solid-state
imaging element, from the viewpoint of prevention of deg-
radation of resolution, incidence of light on a frame por-
tion surrounding the thinned section may be prevented
in some cases. For example, in a semiconductor device
described in Patent Literature 1, in order to prevent inci-
dence of energy rays on a bevel portion (the portion be-
tween the thinned section and the frame portion), a
shielding layer made of black resin is formed on an in-
clined surface defining the bevel portion (the lateral sur-
face of the recess).

Citation List

Patent Literature

[0003] [Patent Literature 1] Japanese Unexamined
Patent Publication No. 2002-231913

Summary of Invention

Technical Problem

[0004] However, in the semiconductor device de-
scribed in Patent Literature 1, since the shielding layer
is made of black resin, the shielding layer may deteriorate
in a relatively short period of time.
[0005] Thus, an object of an aspect of the present dis-
closure is to provide a back-illuminated solid-state imag-
ing element capable of preventing incidence of light on
a frame portion surrounding a thinned section in a sem-
iconductor substrate over a long period of time.

Solution to Problem

[0006] A back-illuminated solid-state imaging element
according to an aspect of the present disclosure includes
a semiconductor substrate which has a front surface and
a back surface provided with a recess, and in which a
thinned section which is a bottom section of the recess
is an imaging area, a signal read-out circuit formed on
the front surface of the semiconductor substrate, a boron
layer formed on at least the back surface of the semicon-
ductor substrate and a lateral surface of the recess, a

metal layer formed on the boron layer, and provided with
an opening opposing a bottom surface of the recess, and
an anti-reflection layer formed on the bottom surface of
the recess.
[0007] In the back-illuminated solid-state imaging ele-
ment, the metal layer is formed on the back surface of
the semiconductor substrate and the lateral surface of
the recess with the boron layer interposed therebetween.
This configuration is based on the findings found by the
present inventors that the metal layer is stably formed on
the boron layer. Therefore, the incidence of light on the
frame portion surrounding the thinned section in the sem-
iconductor substrate is prevented by the stably formed
metal layer. Therefore, according to the back-illuminated
solid-state imaging element, it is possible to prevent the
incidence of light on the frame portion surrounding the
thinned section in the semiconductor substrate over a
long period of time.
[0008] In the back-illuminated solid-state imaging ele-
ment according to the aspect of the present disclosure,
the recess may have a frustum shape spreading toward
a side opposite to the front surface side of the semicon-
ductor substrate. According to the configuration, the sta-
bility of the metal layer formed on the lateral surface of
the recess with the boron layer interposed therebetween
can be further improved.
[0009] In the back-illuminated solid-state imaging ele-
ment according to the aspect of the present disclosure,
the boron layer may further be formed on the bottom sur-
face of the recess, and the anti-reflection layer may be
formed on the bottom surface of the recess with the boron
layer interposed therebetween. According to the config-
uration, resistance to extreme ultraviolet rays can be im-
proved, and the boron layer can function as an accumu-
lation layer.
[0010] In the back-illuminated solid-state imaging ele-
ment according to the aspect of the present disclosure,
at least a region surrounding the recess in the semicon-
ductor substrate may be made of a P type semiconductor
material. According to the configuration, since the metal
layer is electrically connected to the P type region through
the boron layer, it is possible to reduce the resistance of
the region.
[0011] In the back-illuminated solid-state imaging ele-
ment according to the aspect of the present disclosure,
the metal layer may be a plating layer. This configuration
is based on the findings found by the present inventors
that the metal layer is selectively and isotropically formed
on the boron layer by plating. By forming the boron layer
on the lateral surface of the recess, it is possible to reliably
form the metal layer on the lateral surface of the recess
with the boron layer interposed therebetween, without
being influenced by the shape of the recess or the like.
Thus, the stability of the metal layer formed on the lateral
surface of the recess with the boron layer interposed ther-
ebetween can be further improved.
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Advantageous Effects of Invention

[0012] According to an aspect of the present disclo-
sure, it is possible to provide a back-illuminated solid-
state imaging element capable of preventing incidence
of light on the frame portion surrounding the thinned sec-
tion in the semiconductor substrate over a long period of
time.

Brief Description of Drawings

[0013]

Fig. 1 is a cross-sectional view of a back-illuminated
solid-state imaging element of a first embodiment of
the present disclosure.
Figs. 2(a), (b) and (c) are cross-sectional views for
explaining a manufacturing method of the back-illu-
minated solid-state imaging element of Fig. 1.
Figs. 3(a) and (b) are cross-sectional views for ex-
plaining the manufacturing method of the back-illu-
minated solid-state imaging element of Fig. 1.
Figs. 4(a) and (b) are cross-sectional views for ex-
plaining the manufacturing method of the back-illu-
minated solid-state imaging element of Fig. 1.
Fig. 5 is a cross-sectional view of a back-illuminated
solid-state imaging element of a second embodi-
ment of the present disclosure.
Figs. 6(a) and (b) are cross-sectional views for ex-
plaining the manufacturing method of the back-illu-
minated solid-state imaging element of Fig. 5.
Figs. 7(a) and (b) are cross-sectional views for ex-
plaining the manufacturing method of the back-illu-
minated solid-state imaging element of Fig. 2.
Figs. 8(a) and (b) are cross-sectional views for ex-
plaining the manufacturing method of the back-illu-
minated solid-state imaging element of Fig. 5.

Description of Embodiments

[0014] Hereinafter, embodiments of the present disclo-
sure will be described in detail with reference to the ac-
companying drawings. In addition, in the drawings, the
same or corresponding parts are denoted by the same
reference numerals, and a redundant description is omit-
ted.

[First embodiment]

[0015] A back-illuminated solid-state imaging element
1A shown in Fig. 1 is a back-illuminated charge coupled
device (CCD) image sensor. As shown in Fig. 1, the back-
illuminated solid-state imaging element 1A is provided
with a semiconductor substrate 10. The semiconductor
substrate 10 is formed by epitaxially growing a P- type
semiconductor layer 3 on the front surface of a P+ type
semiconductor substrate 2. The P+ type semiconductor
substrate 2 and the P- type semiconductor layer 3 are

made of, for example, silicon crystal. Further, "P+ type"
means that the concentration of the P type impurity is as
high as, for example, about 131017cm-3 or more, and
"P- type" means that the concentration of the P type im-
purity is as low as, for example, about 131015cm-3 or
less.
[0016] Gate insulating films 4, 5, 6 are formed on the
front surface 10a of the semiconductor substrate 10. The
gate insulating films 4, 6 are, for example, silicon oxide
films, and the gate insulating film 5 is, for example, silicon
nitride film. That is, the gate insulating films 4, 5, and 6
have an oxide film-nitride film-oxide film (ONO) structure.
A signal read-out circuit 7 is formed on the gate insulating
films 4, 5, and 6. That is, the signal read-out circuit 7 is
formed on the front surface 10 a of the semiconductor
substrate 10 with the gate insulating films 4, 5, and 6
interposed therebetween. The signal read-out circuit 7
includes a plurality of charge transfer electrodes. A metal
wiring 8 for signal input and output for the signal read-
out circuit 7 is formed on the signal read-out circuit 7.
The metal wiring 8 is made of, for example, aluminum.
An under bump metal (UBM) 9 for forming a solder bump
is formed on the metal wiring 8.
[0017] A recess 20 is provided on the back surface 10b
of the semiconductor substrate 10. The recess 20 has a
frustum shape (for example, quadrangular frustum
shape) spreading toward a side opposite to the front sur-
face 10a side of the semiconductor substrate 10. The
bottom surface 20a of the recess 20 reaches the interface
between the P+ type semiconductor substrate 2 and the
P- type semiconductor layer 3. In the semiconductor sub-
strate 10, the thinned section 10c, which is the bottom
section of the recess 20, is defined as the imaging area,
and a portion surrounding the thinned section 10c is de-
fined as the frame portion 10d when viewed from the
thickness direction of the semiconductor substrate 10. In
the semiconductor substrate 10, a region surrounding at
least the recess 20 when viewed from the thickness di-
rection of the semiconductor substrate 10 is made of a
material of the P+ type semiconductor substrate 2 (P type
semiconductor material). It should be noted that the
thinned section 10c means a portion thinned in the thick-
ness direction of the semiconductor substrate 10 as com-
pared with the frame portion 10d.
[0018] An accumulation layer 11 for eliminating a back-
side well is formed in a part of the P- type semiconductor
layer 3 corresponding to the bottom surface 20a of the
recess 20. The accumulation layer 11 is formed by ion
implanting or diffusing a P type impurity into the part of
the P- type semiconductor layer 3 corresponding to the
bottom surface 20a of the recess 20. In the semiconduc-
tor substrate 10, a region from the accumulation layer 11
to the front surface 10a of the semiconductor substrate
10 in the P- type semiconductor layer 3 functions as a
photoelectric conversion region. Although not shown in
the drawing, an N-type buried channel opposing each
charge transfer electrode of the signal read-out circuit 7,
an n-type accumulation portion for accumulating elec-
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trons generated in the photoelectric conversion region,
or the like are formed in the portion of the photoelectric
conversion region on the front surface 10a side.
[0019] A boron layer 12 is formed in a series on the
back surface 10b of the semiconductor substrate 10, the
lateral surface 20b of the recess 20, and the bottom sur-
face 20a of the recess 20. The boron layer 12 is formed
isotropically with a thickness of several nm to several
tens of nm by, for example, chemical vapor deposition
(CVD) epitaxial growth. A metal layer 13 is formed on the
boron layer 12. The metal layer 13 is provided with an
opening 13a opposing the bottom surface 20a of the re-
cess 20. That is, the metal layer 13 is formed on the back
surface 10b of the semiconductor substrate 10 and the
lateral surface 20b of the recess 20 with the boron layer
12 interposed therebetween. The metal layer 13 func-
tions as a light shielding layer for the light hv. When
viewed from the thickness direction of the semiconductor
substrate 10, the shape of the opening 13a coincides
with the shape of the bottom surface 20a of the recess 20.
[0020] The metal layer 13 is isotropically formed on the
boron layer 12 with a thickness of several mm to several
tens mm by, for example, plating. An example of plating
is electroless metal plating. In this case, the metal layer
13 is a plating layer. For example, the plating layer is
configured by forming a surface layer with a thickness of
about 0.05 mm made of gold on an underlayer with a
thickness of about 10 mm made of nickel by electroless
Ni/Au plating. The findings found by the present inventors
are that the metal layer 13 is stably formed on the boron
layer 12, and the metal layer 13 is selectively and iso-
tropically formed on the boron layer 12 by plating.
[0021] On the bottom surface 20a of the recess 20, an
anti-reflection layer 14 is formed with the boron layer 12
interposed therebetween. The anti-reflection layer 14 is
disposed inside the opening 13a of the metal layer 13.
The anti-reflection layer 14 is made of, for example, alu-
minum oxide.
[0022] Next, a manufacturing method of the back-illu-
minated solid-state imaging element 1A will be de-
scribed. First, as shown in Fig. 2(a), a semiconductor
substrate 10 is obtained by epitaxially growing a P- type
semiconductor layer 3 on the front surface of a P+ type
semiconductor substrate 2. Subsequently, as shown in
Fig. 2(b), gate insulating films 4, 5 and 6 are formed on
the front surface 10a of the semiconductor substrate 10,
and a signal read-out circuit 7 is formed on the gate in-
sulating films 4, 5 and 6. Subsequently, as shown in Fig.
2(c), a recess 20 is formed on the back surface 10b of
the semiconductor substrate 10 by anisotropic etching
such as alkali etching, and an accumulation layer 11 is
formed by ion implanting or diffusing a P type impurity
into the part of the P- type semiconductor layer 3 corre-
sponding to the bottom surface 20a of the recess 20.
Then, a protective film 30 is formed on the signal read-
out circuit 7.
[0023] Subsequently, as shown in Fig. 3(a), after re-
moving a native oxide film, the boron layer 12 isotropically

formed on the back surface 10b of the semiconductor
substrate 10, the lateral surface 20b of the recess 20,
and the bottom surface 20a of the recess 20, by CVD
epitaxial growth. Subsequently, as shown in Fig. 3(b), a
metal wiring 8 is formed on the signal read-out circuit 7
after removing the protective film 30. Subsequently, as
shown in Fig. 4(a), by sequentially performing atomic lay-
er deposition (ALD) and patterning by etching, an anti-
reflection layer 14 is formed on the bottom surface 20a
of the recess 20 with the boron layer 12 interposed ther-
ebetween. Subsequently, as shown in Fig. 4(b), a metal
layer 13 is selectively and isotropically formed on the
boron layer 12 by plating. Finally, an UBM 9 is formed
on the metal wiring 8 to obtain a back-illuminated solid-
state imaging element 1A.
[0024] It has been difficult to uniformly form a metal
layer with a desired thickness on the lateral surface 20b
of the recess 20 by using a vapor phase growth method.
Therefore, a resin layer may be formed as a light shielding
layer in some cases. However, in the resin layer, prob-
lems occur such as deterioration in a relatively short pe-
riod of time and occurrence of outgassing. According to
the manufacturing method of the back-illuminated solid-
state imaging element 1A described above, it is possible
to uniformly form the metal layer 13 with a desired thick-
ness on the lateral surface 20b of the recess 20, without
being influenced by the shape of the recess or the like.
[0025] As described above, in the back-illuminated sol-
id-state imaging element 1A, the metal layer 13 is formed
on the back surface 10b of the semiconductor substrate
10 and the lateral surface 20b of the recess 20 with the
boron layer 12 interposed therebetween. This configura-
tion is based on the findings found by the present inven-
tors that the metal layer 13 is stably formed on the boron
layer 12. Therefore, the light hv traveling into the recess
20 from the back surface 10b side of the semiconductor
substrate 10 penetrates through the anti-reflection layer
14 and efficiently enters the thinned section 10c of the
semiconductor substrate 10. On the other hand, the in-
cidence of the light hv to the frame portion 10d of the
semiconductor substrate 10 is prevented by the stably
formed metal layer 13. Therefore, according to the back-
illuminated solid-state imaging element 1A, it is possible
to prevent the incidence of the light hv from being incident
on the frame portion 10d of the semiconductor substrate
10 over a long period of time.
[0026] In the back-illuminated solid-state imaging ele-
ment 1A, since the metal layer 13 is formed as a light
shielding layer, it is possible to prevent the problem of
outgassing occurring in a case where a resin layer is
formed as the light shielding layer.
[0027] In the back-illuminated solid-state imaging ele-
ment 1A, the recess 20 has a frustum shape spreading
toward the side opposite to the front surface 10a side of
the semiconductor substrate 10. With this configuration,
the stability of the metal layer 13 formed on the lateral
surface 20b of the recess 20 with the boron layer 12 in-
terposed therebetween can be further improved.
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[0028] Further, in the back-illuminated solid-state im-
aging element 1A, the boron layer 12 is formed on the
bottom surface 20a of the recess 20 and the anti-reflec-
tion layer 14 is formed on the bottom surface 20a of the
recess 20 with the boron layer 12 interposed therebe-
tween. With this configuration, resistance to extreme ul-
traviolet rays can be improved, and the boron layer 12
can function as an accumulation layer.
[0029] In the back-illuminated solid-state imaging ele-
ment 1A, a region surrounding the recess 20 in the sem-
iconductor substrate 10 may be made of a P type semi-
conductor material. According to the configuration, since
the metal layer 13 is electrically connected to the P type
region through the boron layer 12, it is possible to reduce
the resistance of the region. Therefore, by grounding for
example, the metal layer 13, the holes generated in the
thinned section 10c of the semiconductor substrate 10
by photoelectric conversion are promptly moved to the
metal layer 13 through the frame portion 10d of the sem-
iconductor substrate 10, and it becomes possible to sta-
bly sweep out the holes to the ground.
[0030] Further, in the back-illuminated solid-state im-
aging element 1A, the metal layer 13 is a plating layer.
This configuration is based on the findings found by the
present inventors that the metal layer 13 is selectively
and isotropically formed on the boron layer 12 by plating.
By forming the boron layer 12 on the lateral surface 20b
of the recess 20, the metal layer 13 can be reliably formed
on the lateral surface 20b of the recess 20 with the boron
layer 12 interposed therebetween, without being influ-
enced by the shape of the recess 20 or the like. Therefore,
the stability of the metal layer 13 formed on the lateral
surface 20b of the recess 20 with the boron layer 12 in-
terposed therebetween can be further improved.

[Second Embodiment]

[0031] As shown in Fig. 5, the back-illuminated solid-
state imaging element 1B is mainly different from the
back-illuminated solid-state imaging element 1A in the
configurations of the boron layer 12 and the anti-reflec-
tion layer 14. In the back-illuminated solid-state imaging
element 1B, the boron layer 12 is formed in a series on
the back surface 10b of the semiconductor substrate 10
and the lateral surface 20b of the recess 20, but is not
formed on the bottom surface 20a of the recess 20. The
boron layer 12 is provided with an opening 12a opposing
the bottom surface 20a of the recess 20. It is the same
as the above-described back-illuminated solid-state im-
aging element 1A in that the metal layer 13 is formed on
the back surface 10b of the semiconductor substrate 10
and the lateral surface 20b of the recess 20 with the boron
layer 12 interposed therebetween. When viewed from
the thickness direction of the semiconductor substrate
10, the shape of each of the openings 12a and 13a co-
incides with the shape of the bottom surface 20a of the
recess 20. The anti-reflection layer 14 is formed in a se-
ries on the bottom surface 20a of the recess 20 and the

metal layer 13. A part of the anti-reflection layer 14 is
disposed inside the openings 12a and 13a.
[0032] Next, a manufacturing method of the back-illu-
minated solid-state imaging element 1B will be de-
scribed. The process up to forming the protective film 30
on the signal read-out circuit 7 is similar to the manufac-
turing method of the back-illuminated solid-state imaging
element 1A described above (see Figs. 2(a), (b) and (c)).
Subsequently, as shown in Fig. 6(a), a lift-off resist film
40 is formed on the bottom surface 20a of the recess 20
by sequentially applying resist and patterning by etching.
Subsequently, as shown in Fig. 6(b), after removing a
native oxide film, the boron layer 12 isotropically formed
on the back surface 10b of the semiconductor substrate
10, the lateral surface 20b of the recess 20, and the lift-
off resist film 40, by CVD epitaxial growth.
[0033] Subsequently, as shown in Fig. 7(a), the boron
layer 12 formed on the lift-off resist film 40 is removed
together with the lift-off resist film 40. Subsequently, as
shown in Fig. 7(b), a metal wiring 8 is formed on the signal
read-out circuit 7 after removing the protective film 30.
Subsequently, as shown in Fig. 8(a), a metal layer 13 is
selectively and isotropically formed on the boron layer
12 by plating. Further, the UBM 9 is formed on the metal
wiring 8. Finally, as shown in Fig. 8(b), an anti-reflection
layer 14 is formed on the bottom surface 20a of the recess
20 and the metal layer 13 by an atomic layer deposition
method to obtain the back-illuminated solid-state imaging
element 1B.
[0034] As described above, in the back-illuminated sol-
id-state imaging element 1B, the metal layer 13 is formed
on the back surface 10b of the semiconductor substrate
10 and the lateral surface 20b of the recess 20 with the
boron layer 12 interposed therebetween. Therefore, ac-
cording to the back-illuminated solid-state imaging ele-
ment 1B, it is possible to prevent the incidence of the
light hv from being incident on the frame portion 10d of
the semiconductor substrate 10 over a long period of
time, similarly to the above-described back-illuminated
solid-state imaging element 1A.
[0035] In the back-illuminated solid-state imaging ele-
ment 1B, since the metal layer 13 is formed as a light
shielding layer, it is possible to prevent the problem of
outgassing occurring in a case where a resin layer is
formed as the light shielding layer.
[0036] In the back-illuminated solid-state imaging ele-
ment 1B, the recess 20 has a frustum shape spreading
toward the side opposite to the front surface 10a side of
the semiconductor substrate 10. With this configuration,
the stability of the metal layer 13 formed on the lateral
surface 20b of the recess 20 with the boron layer 12 in-
terposed therebetween can be further improved.
[0037] In the back-illuminated solid-state imaging ele-
ment 1B, a region surrounding the recess 20 in the sem-
iconductor substrate 10 may be made of a P type semi-
conductor material. According to the configuration, since
the metal layer 13 is electrically connected to the P type
region through the boron layer 12, it is possible to reduce
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the resistance of the region. Therefore, by grounding for
example, the metal layer 13, the holes generated in the
thinned section 10c of the semiconductor substrate 10
by photoelectric conversion are promptly moved to the
metal layer 13 through the frame portion 10d of the sem-
iconductor substrate 10, and it becomes possible to sta-
bly sweep out the holes to the ground.
[0038] Further, in the back-illuminated solid-state im-
aging element 1B, the metal layer 13 is a plating layer.
Therefore, the stability of the metal layer 13 formed on
the lateral surface 20b of the recess 20 with the boron
layer 12 interposed therebetween can be further im-
proved, similarly to the above-described back-illuminat-
ed solid-state imaging element 1A.
[0039] Although the first embodiment and the second
embodiment of the present disclosure have been de-
scribed above, an aspect of the present disclosure is not
limited to each of the above embodiments. For example,
in each of the above embodiments, the conductivity types
of the P type and N-type may be exchanged so as to be
reversed. The metal layer 13 needs to be formed directly
on the boron layer 12, but in other structures, the other
structure may be directly formed on the structure to be
formed, or may be indirectly formed on the structure to
be formed with a certain layer or the like interposed ther-
ebetween. Further, each of the above-described embod-
iments is a case where the back-illuminated solid-state
imaging elements 1A and 1B are back-illuminated CCD
image sensors. However, an aspect of the present dis-
closure can also be applied to other back-illuminated sol-
id-state imaging elements such as a back-illuminated
CMOS image sensor. In a case where the back-illumi-
nated solid-state imaging element is a back-illuminated
CMOS image sensor, a signal read-out circuit including
a transistor circuit, a wiring layer or the like is formed on
the front surface of the semiconductor substrate.

Reference Signs List

[0040] 1A, 1B...back-illuminated solid-state imaging
element, 7...signal read-out circuit, 10...semiconductor
substrate, 10a...front surface, 10b...back surface,
10c...thinned section, 12...boron layer, 13...metal layer,
13a...opening, 14...anti-reflection layer, 20...recess,
20a...bottom surface, 20b...lateral surface.

Claims

1. A back-illuminated solid-state imaging element com-
prising:

a semiconductor substrate which has a front sur-
face and a back surface provided with a recess,
and in which a thinned section which is a bottom
section of the recess is an imaging area;
a signal read-out circuit formed on the front sur-
face of the semiconductor substrate;

a boron layer formed on at least the back surface
of the semiconductor substrate and a lateral sur-
face of the recess;
a metal layer formed on the boron layer, and
provided with an opening opposing a bottom sur-
face of the recess; and
an anti-reflection layer formed on the bottom sur-
face of the recess.

2. The back-illuminated solid-state imaging element
according to claim 1,
wherein the recess has a frustum shape spreading
toward a side opposite to the front surface side of
the semiconductor substrate.

3. The back-illuminated solid-state imaging element
according to claim 1 or 2,

wherein the boron layer is further formed on the
bottom surface of the recess, and
wherein the anti-reflection layer is formed on the
bottom surface of the recess with the boron layer
interposed therebetween.

4. The back-illuminated solid-state imaging element
according to any one of claims 1 to 3,
wherein at least a region surrounding the recess in
the semiconductor substrate is made of a P type
semiconductor material.

5. The back-illuminated solid-state imaging element
according to any one of claims 1 to 4,
wherein the metal layer is a plating layer.
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