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(57) ABSTRACT

A method for producing a light detection device includes
preparing a back-illuminated light receiving element that
includes a plurality of light receiving sections and a trench
which is open to a first main surface so as to isolate the
adjacent light receiving sections from each other; disposing
the light receiving element on a wiring substrate such that
the first main surface of the light receiving element faces the
wiring substrate; forming a resin mold, which reaches at
least a position that is further away from the wiring substrate
than an end portion on a second main surface side of the
trench in a thickness direction of the wiring substrate, on the
wiring substrate so as to surround an entire side surface of
the light receiving element; polishing the light receiving
element and the resin mold from the second main surface
side of the light receiving element.
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Fig.4
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Fig.5
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Fig.8
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LIGHT DETECTION DEVICE AND METHOD
FOR MANUFACTURING LIGHT
DETECTION DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to a light detection
device and a method for producing a light detection device.

BACKGROUND ART

[0002] There has been known a light detection device in
which a back-illuminated light receiving element (back-
illuminated image sensor) including a plurality of blocks
provided with light receiving sections is disposed on a
substrate. For example, Patent Document 1 describes a
method for producing a light detection circuit, the method
including: disposing a plurality of blocks (back-illuminated
CMOS detection circuits) on a circuit substrate (wiring
substrate) at predetermined intervals; depositing stop layers
made of metal such as chromium between the plurality of
blocks; polishing the surfaces of the plurality of blocks
(surfaces of silicon blocks) up to the stop layers; and
removing the stop layers.

CITATION LIST

Patent Document

[0003] Patent Document 1: Japanese Unexamined Patent
Publication No. 2010-123962

SUMMARY OF INVENTION

Technical Problem

[0004] In the above-described light detection device, it is
preferable that the influence of external force on the blocks
(light receiving element) is reduced in order to maintain the
imaging accuracy (namely, maintain a positional relation-
ship between the blocks). Meanwhile, in the production
method described in Patent Document 1, in the entire step of
polishing the surfaces of the blocks, only parts of the blocks,
the parts protruding upward from the stop layers, are pol-
ished to cause oscillation in a lateral direction, and thus
relatively large external force is applied to the blocks, which
is a concern. In addition, in the light detection circuit
described in Patent Document 1, since the stop layers
covering side surfaces of the blocks are finally removed and
do not serve as a protective material protecting the side
surfaces of the blocks, there is room for improvement in
reducing the influence of external force on the blocks.
[0005] An object of one aspect of the present disclosure is
to provide a light detection device and a production method
thereof by which the influence of external force on a light
receiving element is reduced.

Solution to Problem

[0006] According to one aspect of the present disclosure,
there is provided a method for producing a light detection
device, the method including: a first step of preparing a
back-illuminated light receiving element that includes a
plurality of light receiving sections arranged one-dimension-
ally or two-dimensionally, a first main surface in which the
light receiving sections are formed, and a second main
surface opposite to the first main surface, and is provided
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with a trench which is open to the first main surface so as to
isolate adjacent light receiving sections from each other; a
second step of disposing the light receiving element on a
substrate such that the first main surface of the light receiv-
ing element faces the substrate; a third step of forming a
resin mold, which reaches at least a position that is further
away from the substrate than an end portion on a second
main surface side of the trench in a thickness direction of the
substrate, on the substrate so as to surround an entire side
surface of the light receiving element; and a fourth step of
polishing the light receiving element and the resin mold
from a second main surface side of the light receiving
element.

[0007] In the method for producing a light detection
device, the resin mold is formed so as to surround the entire
side surface of the light receiving element. The light receiv-
ing element can be firmly fixed to the substrate by the resin
mold formed in such a manner Specifically, since the resin
mold supports the entire side surface of the light receiving
element, a structure that is strong against external force
applied in a lateral direction (namely, a direction where the
light receiving element is laterally slid with respect to the
substrate) of the light receiving element can be realized.
Therefore, according to the production method, the light
detection device in which the influence of external force on
the light receiving element is reduced is obtained. Further-
more, according to the production method, even in a process
for producing the light detection device, the influence of
external force on the light receiving element can be appro-
priately reduced. Specifically, in the polishing step (fourth
step), since the light receiving element and the resin mold
are polished together, side surfaces of the light receiving
element are supported by the resin mold, so that the occur-
rence of distortion of the light receiving element can be
suppressed.

[0008] The first step may include a step of forming the
trench by dry etching or wet etching. Accordingly, the trench
having a very small width can be accurately formed, and the
plurality of light receiving sections can be disposed at
narrow pitches and with high accuracy.

[0009] The light receiving element prepared in the first
step may be divided into a plurality of blocks each having
the light receiving section by the trench. The light receiving
element may be provided with a dummy block that does not
include the light receiving section so as to face the block
located on an outermost side in an arrangement direction of
the plurality of blocks via the trench in the arrangement
direction. In this case, the dummy block that is provided in
an outer end portion of the light receiving element serves to
absorb external force applied to the light receiving element.
Accordingly, the influence of external force on a main
portion (namely, the blocks including the light receiving
sections) of the light receiving element can be effectively
reduced.

[0010] The plurality of light receiving sections may be
one-dimensionally arranged. The trench may extend in a
direction intersecting an arrangement direction of the plu-
rality of light receiving sections. A structure (long structure)
where the plurality of light receiving sections (blocks) are
one-dimensionally arranged with the trench interposed ther-
ebetween tends to be easily broken by stress generated when
external force is applied thereto; however, since the resin
mold is formed so as to surround the entire side surface of
the light receiving element, the influence of external force on



US 2021/0184067 Al

the light receiving element can be appropriately reduced.
Therefore, according to the production method, the light
detection device including the light receiving element with
such a long structure can be stably produced.

[0011] In the third step, the resin mold may be formed so
as to reach at least a height position of the second main
surface of the light receiving element. Accordingly, a part of
the light receiving element protruding from the resin mold is
not solely polished throughout the entirety of the polishing
step (fourth step). As a result, the occurrence of distortion of
the light receiving element in the polishing step can be more
effectively suppressed.

[0012] In the third step, the resin mold may be formed of
a resin material having a Shore hardness of Shore A80 or
more or Shore D30 or more. In this case, since the resin mold
having an appropriate hardness is formed, external force
applied to the light receiving element can be appropriately
absorbed. In addition, the hardness of the resin mold can be
set to a hardness suitable for polishing, and the polishing
step (fourth step) can be smoothly performed.

[0013] In the fourth step, the light receiving element and
the resin mold may be polished at least up to the trench.
Accordingly, the plurality of blocks, each of which includes
the light receiving section, can be completely separated from
each other. Accordingly, the occurrence of crosstalk between
the blocks can be reliably prevented.

[0014] The production method may further include a step
of forming a covering portion covering polished surfaces of
the light receiving element and the resin mold after the
fourth step. The second main surface of the light receiving
element can be appropriately protected by the covering
portion. In addition, when the covering portion is made of,
for example, glass or the like, the bandpass, transmittance,
or the like of light with respect to the light receiving element
can be adjusted according to the application.

[0015] According to one aspect of the present disclosure,
there is provided a light detection device including: a
substrate; a back-illuminated light receiving element that
includes a plurality of light receiving sections arranged
one-dimensionally or two-dimensionally, a first main sur-
face in which the light receiving sections are formed, and a
second main surface opposite to the first main surface, and
is disposed on the substrate such that the first main surface
faces the substrate; and a resin mold formed on the substrate
s0 as to surround an entire side surface of the light receiving
element. The light receiving element is divided into a
plurality of blocks by a gap that is provided from the first
main surface to the second main surface so as to isolate
adjacent light receiving sections from each other, or by a
trench that is open to the first main surface so as to isolate
the adjacent light receiving sections from each other. A
width of the resin mold from a side surface of the light
receiving element to an outer side surface of the resin mold
is larger than a width of the gap or the trench.

[0016] In the light detection device, the resin mold having
the width larger than a width between the blocks is formed
so as to surround the entire side surface of the substrate. The
light receiving element can be firmly fixed to the substrate
by the resin mold formed in such a manner. Specifically,
since the resin mold supports the entire side surface of the
light receiving element, a structure that is strong against
external force applied in the lateral direction of the light
receiving element can be realized. Therefore, according to
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the light detection device, the influence of external force on
the light receiving element can be reduced.

[0017] The light receiving element is provided with a
dummy block that does not include the light receiving
section so as to face the block located on an outermost side
in an arrangement direction of the plurality of blocks via the
gap or the trench in the arrangement direction. The dummy
block that is provided in an outer end portion of the light
receiving element in such a manner serves to absorb external
force applied to the light receiving element. Accordingly, the
influence of external force on a main portion (namely, the
blocks including the light receiving sections) of the light
receiving element can be effectively reduced.

[0018] The plurality of light receiving sections may be
one-dimensionally arranged. The gap or the trench may
extend in a direction intersecting an arrangement direction
of the plurality of light receiving sections. The structure
(long structure) where the plurality of light receiving sec-
tions (blocks) are one-dimensionally arranged with the gap
or the trench interposed therebetween in such a manner
tends to be easily broken by stress generated when external
force is applied thereto; however, the influence of external
force on the light receiving element can be appropriately
reduced by the resin mold that surrounds the entire side
surface of the light receiving element.

[0019] The resin mold may be formed of a resin material
having a Shore hardness of Shore A80 or more or Shore D30
or more. In this case, external force applied to the light
receiving element can be appropriately absorbed by the resin
mold having an appropriate hardness.

[0020] The light detection device may further include a
covering portion covering surfaces of the light receiving
element and the resin mold on a second main surface side of
the light receiving element. The second main surface of the
light receiving element can be appropriately protected by the
covering portion. In addition, according to the covering
portion made of, for example, glass or the like, the bandpass,
transmittance, or the like of light with respect to the light
receiving element can be adjusted according to the applica-
tion.

Advantageous Effects of Invention

[0021] According to one aspect of the present disclosure,
the light detection device and the production method thereof
by which the influence of external force on the light receiv-
ing element is reduced are obtained.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a perspective view of a light detection
device of a first embodiment.

[0023] FIG. 2 is a plan view of the light detection device
illustrated in FIG. 1.

[0024] FIG. 3 is a cross-sectional view along line I1la-I1la
and line ITIb-1IIb of FIG. 2.

[0025] FIG. 4 is a view illustrating a method for producing
the light detection device illustrated in FIG. 1.

[0026] FIG. 5 is a view illustrating the method for pro-
ducing the light detection device illustrated in FIG. 1.
[0027] FIG. 6 is a view illustrating the method for pro-
ducing the light detection device illustrated in FIG. 1.
[0028] FIG. 7 is a view illustrating a method for producing
the light detection device illustrated in FIG. 1.
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[0029] FIG. 8 is a perspective view of a light detection
device of a second embodiment.

[0030] FIG. 9 is an enlarged cross-sectional view of a
main part of the light detection device illustrated in FIG. 8.
[0031] FIG. 10 is a perspective view of a light detection
device of a third embodiment.

[0032] FIG. 11 is a cross-sectional view along line Xla-
Xla and line XIb-XIb of FIG. 10.

[0033] FIG. 12 is a perspective view of a light receiving
element that is to be prepared in a process for producing the
light detection device illustrated in FIG. 10.

[0034] FIG. 13 is a view illustrating a modification
example of the light detection device.

DESCRIPTION OF EMBODIMENTS

[0035] Hereinafter, embodiments of the present disclosure
will be described in detail with reference to the drawings. In
the description of the drawings, the same reference signs are
used for the same or equivalent components, and duplicated
descriptions will be omitted. The present disclosure is not
limited to the embodiments but is illustrated by the claims,
and is intended to include all modifications within the
concept and scope equivalent to the claims.

First Embodiment

[0036] FIG. 1 is a perspective view of a light detection
device 1 of a first embodiment. FIG. 2 is a plan view of the
light detection device 1. (a) of FIG. 3 illustrates a cross
section along line IIla-IIla in FIG. 2, and (b) of FIG. 3
illustrates a cross section along line IIIb-IIIb in FIG. 2. As
illustrated in FIGS. 1 to 3, the light detection device 1
includes a light receiving element 10, a wiring substrate 20
(substrate), a plurality of bumps 30, and a resin mold 40.
Hereinafter, a thickness direction of the wiring substrate 20
(direction parallel to the direction of incidence of light on the
light receiving element 10) is referred to as a Z-axis direc-
tion, one direction perpendicular to the Z-axis direction is
referred to as an X-axis direction, and a direction perpen-
dicular to the Z-axis direction and the X-axis direction is
referred to as a Y-axis direction. The X-axis direction is an
arrangement direction of a plurality of light receiving sec-
tions 14 (blocks 12) to be described later.

[0037] The light receiving element 10 is a back-illumi-
nated image sensor including the plurality (here, seven) of
light receiving sections 14 (refer to FIG. 3) that are one-
dimensionally arranged along the X-axis direction. The light
receiving element 10 has a long structure having the X-axis
direction as a longitudinal direction. As one example, the
light receiving element 10 has a rectangular plate shape
having the X-axis direction as a longitudinal direction, and
the width in the X-axis direction, the width in the Y-axis
direction, and the width in the Z-axis direction are 2.5 mm,
0.6 mm, and 0.15 mm, respectively. The light receiving
element 10 includes a substrate 11 formed of a compound
semiconductor such as silicon or InGaAs. The substrate 11
has a main surface 11q (first main surface) facing the wiring
substrate 20, and a main surface 115 (second main surface)
that is a surface opposite to the main surface 11a and serves
as a light incident surface. In the present embodiment, the
substrate 11 is completely separated into a plurality (here,
seven) of the blocks 12 that are one-dimensionally arranged
along the X-axis direction, and two dummy blocks 13 that
are provided on both outer sides in the X-axis direction of
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the plurality of blocks 12. The light receiving sections 14 are
formed in the main surface 11a. The light receiving section
14 is, for example, a photodiode which is configured such
that a second conductivity type region is formed in a portion
along the main surface 11a of the substrate 11 which is a first
conductivity type. The light receiving element 10 receives
light, which is incident from a main surface 115 side of the
substrate 11, through each of the light receiving sections 14.

[0038] The block 12 is a detection unit including one light
receiving section 14. The substrate 11 is divided into the
plurality of blocks 12 by a plurality of gaps G that are
provided from the main surface 11a to the main surface 115
s0 as to isolate the adjacent light receiving sections 14 from
each other. Each of the gaps G extends in the Y-axis
direction and the Z-axis direction that intersect the arrange-
ment direction (X-axis direction) of the plurality of blocks
12. The blocks 12 adjacent to each other are completely
separated from each other by the gap G. Accordingly, the
occurrence of crosstalk between the blocks 12 adjacent to
each other is prevented. The gap G is also provided between
the block 12 on an outermost side in the X-axis direction and
the dummy block 13. Namely, the dummy blocks 13 are
provided in both end portions in the X-axis direction of the
substrate 11 so as to face the blocks 12 on the outermost
sides in the X-axis direction with the gap G interposed
therebetween. The dummy block 13 is a portion in which the
light receiving section 14 is not provided. In the present
embodiment, the block 12 and the dummy block 13 adjacent
to each other are completely separated from each other by
the gap G. Both of the block 12 and the dummy block 13 are
formed in a rectangular plate shape having the Y-axis
direction as a longitudinal direction. The width in the X-axis
direction of the dummy block 13 is smaller than the width
in the X-axis direction of the block 12.

[0039] The wiring substrate 20 is, for example, a semi-
conductor substrate formed of a compound semiconductor
such as silicon (Si) or InGaAs, a printed circuit substrate, an
In substrate, a glass epoxy (epoxy resin in which a glass fiber
sheet is a core material) substrate, or the like. A signal
readout circuit, a signal processing circuit, a signal output
circuit, and the like are formed on the wiring substrate 20.
The wiring substrate 20 has a main surface 20a on which the
light receiving element 10 is mounted. The wiring substrate
20 processes an electrical signal that is output from each of
the light receiving sections 14 of the light receiving element
10 according to the amount of received light. The wiring
substrate 20 is, for example, a CMOS readout integrated
circuit (CMOS ROIC).

[0040] The plurality of bumps 30 are disposed between the
light receiving element 10 and the wiring substrate 20. The
plurality of bumps 30 are disposed between the main surface
11a of the substrate 11 and the main surface 20a of the
wiring substrate 20, the main surface 11¢ and the main
surface 20a facing each other in the Z-axis direction, to
electrically and physically connect the light receiving ele-
ment 10 and the wiring substrate 20. More specifically, a
plurality of electrode pads (unillustrated) are provided on
each of the main surface 11a of the substrate 11 and the main
surface 20a of the wiring substrate 20, and each of the
bumps 30 electrically and physically connects the electrode
pads facing each other in the Z-axis direction. Accordingly,
the light receiving element 10 is disposed on the wiring
substrate 20 such that the main surface 11a of the substrate
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11 faces the main surface 20a of the wiring substrate 20.
Each of the bumps 30 is, for example, an In bump.

[0041] The resin mold 40 is formed on the wiring substrate
20 so as to have a surface 40a continuous with the main
surface 115 of the substrate 11, and to surround the entire
side surface of the substrate 11. A gap between the substrate
11 and the wiring substrate 20 and the gaps G are also filled
with the resin mold 40. However, the gaps G may not be
filled with the resin mold 40. Namely, a cavity in which the
resin mold 40 does not exist may be formed in the gaps G.
The resin mold 40 is formed of, for example, a transparent
resin material. Specifically, the resin mold 40 is formed of,
for example, epoxy resin, silicone resin, hybrid resin, or the
like. From the viewpoint of shock absorption, the ease of
handling in processing (particularly, polishing step to be
described later), and the like, it is preferable that the resin
mold 40 is formed of, for example, a resin material having
a Shore hardness of Shore A80 or more or Shore D30 or
more.

[0042] As illustrated in FIG. 2, a width w1 in the X-axis
direction (arrangement direction) of each of the blocks 12 is,
for example, approximately 1 mm A width w2 in the X-axis
direction of each of the dummy blocks 13 is, for example,
approximately 0.15 mm A width w3 in the Y-axis direction
of each of the blocks 12 and each of the dummy blocks 13
is, for example, approximately 0.6 mm A width w4 in the
X-axis direction of the gap G is, for example, approximately
10 to 20 um. A width w5 of the resin mold 40 from a side
surface 11c¢ of the substrate 11 facing the X-axis direction to
an outer side surface of the resin mold 40 and a width w6 of
the resin mold 40 from a side surface 114 of the substrate 11
facing the Y-axis direction to an outer side surface of the
resin mold 40 are, for example, approximately 0.1 mm to 0.3
mm. At least the width 5 and the w6 of the resin mold 40 are
larger than the width w4 of the gap G.

[0043] Next, one example of a method for producing the
light detection device 1 will be described with reference to
FIGS. 4 to 7.

[0044] First, as illustrated in FIG. 4, a light receiving
element 50 that is to be formed into the light receiving
element 10 by performing a production process to be
described below is prepared (first step). The light receiving
element 50 includes a substrate 51 that is to be formed into
the substrate 11 by performing the polishing step to be
described later. The substrate 51 has a main surface 51a (first
main surface) in which the light receiving section 14 is
formed, and a main surface 515 (second main surface)
opposite to the main surface 51a. A part of a main surface
5156 side of the substrate 51 is polished to make the substrate
51 thin; and thereby, the substrate 51 is formed into the
substrate 11. The light receiving element 50 includes the
plurality (here, seven) of light receiving sections 14 that are
one-dimensionally arranged on a main surface 51a side of
the substrate 51. In the present embodiment, the bumps 30
are provided at four corners of each of the light receiving
sections 14, which are formed in a rectangular shape, with
the electrode pad interposed therebetween in advance.
[0045] The first step includes a step of forming a trench T
by dry etching or wet etching (namely, a semiconductor
process). The trench T is formed in the main surface 51a of
the substrate 51 so as to isolate the adjacent light receiving
sections 14 from each other. The trench T is open to the main
surface 51a to extend from the main surface 51a toward the
main surface 516 side. Namely, the trench T is a recess
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portion (groove portion) that is provided in the main surface
51a so as not to penetrate through the main surface 5156. A
main portion (portion in which the light receiving section 14
is provided) of the substrate 51 is divided into a plurality of
blocks 52, each of which includes one light receiving section
14, by the trenches T described above. In the present
embodiment, the plurality of blocks 52 have the same size.
The trench T and the block 52 are to be formed into the gap
G and the block 12 by performing the polishing step to be
described later. At this stage, the blocks 52 adjacent to each
other are connected to each other by a portion (portion to be
removed by the polishing step) in which the trench T is not
formed in a boundary portion between the blocks 52.
[0046] The trench T is also formed outside the block 52 on
the outermost side in an arrangement direction of the plu-
rality of blocks 52. The block 52 on the outermost side in the
arrangement direction and a dummy block 53 are divided by
the trench T described above. The dummy block 53 is a
portion that is to be formed into the dummy block 13 by
performing the polishing step to be described later. At this
stage, the block 52 on the outermost side in the arrangement
direction and the dummy block 53 are connected to each
other by a portion (portion to be removed by the polishing
step) in which the trench T is not formed in a boundary
portion between the block 52 and the dummy block 53. The
thickness of the substrate 51 is, for example, approximately
0.35 mm, and the depth of the trench T (distance from the
main surface 51a to a bottom portion (end portion on the
main surface 515 side) of the trench T) is, for example,
approximately 0.2 mm.

[0047] Subsequently, as illustrated in FIG. 5, the light
receiving element 50 is disposed on the wiring substrate 20
such that the main surface 51a of the substrate 51 (light
receiving element 50) faces the main surface 20a of the
wiring substrate 20 (second step). For example, the light
receiving element 50 is mounted on the wiring substrate 20
with the plurality of bumps 30 interposed therebetween by
face-down bonding.

[0048] Subsequently, as illustrated in FIG. 6, a resin mold
54 is formed so as to surround the entire side surface of the
substrate 51 on the wiring substrate 20 (third step). The resin
mold 54 is formed by, for example, compression mold. In
the present embodiment, the resin mold 54 is formed so as
to surround the entire side surface of the substrate 51 and to
cover the entirety of the main surface 515 of the substrate 51
as viewed in the Z direction. Namely, an upper surface 54a
of'the resin mold 54 reaches a position higher than that of the
main surface 515 of the substrate 51 with reference to the
main surface 20q of the wiring substrate 20. A gap between
the substrate 51 and the wiring substrate 20 and the insides
of the trenches T are also filled with the resin mold 54.
However, the insides of the trenches T may not be filled with
the resin mold 54. Namely, a cavity in which the resin mold
54 does not exist may be formed in the insides of the
trenches T.

[0049] Subsequently, the substrate 51 and the resin mold
54 are polished from the main surface 515 side of the
substrate 51 (fourth step). In the present embodiment, first,
only the resin mold 54 is polished from an upper surface 54a
side of the resin mold 54, so that the state illustrated in (a)
of FIG. 7 is changed to the state illustrated in (b) of FIG. 7.
Thereafter, the polishing is further continued, so that the
substrate 51 and the resin mold 54 are polished together to
obtain the light detection device 1 illustrated in FIGS. 1 to
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3. Specifically, the substrate 51 and the resin mold 54 are
polished at least up to the trenches T (namely, up to the
bottom portions of the trenches T). As a result, the trenches
T are formed into the gaps G described above, so that the
light detection device 1 (refer to FIGS. 1 to 3) described
above is obtained.

[0050] In the light detection device 1 described above, the
resin mold 40 having the widths w5 and w6 larger than the
width (namely, the width w4 of the gap G) between the
blocks 12 is formed so as to surround the entire side surface
of the substrate 11 as viewed in the Z direction. The light
receiving element 10 can be firmly fixed to the wiring
substrate 20 by the resin mold 40 formed in such a manner.
Specifically, since the resin mold 40 supports the entire side
surface of the light receiving element 10 as viewed in the Z
direction, a structure that is strong against external force
applied in a lateral direction (namely, a direction where the
light receiving element 10 is laterally slid with respect to the
wiring substrate 20) of the light receiving element 10 can be
realized. Therefore, according to the light detection device 1,
the influence of external force on the light receiving element
10 can be reduced.

[0051] In addition, the light receiving element is provided
with the dummy blocks 13 that do not include the light
receiving sections 14 so as to face the blocks 12 located on
the outermost sides in the X-axis direction via the gap G in
the X-axis direction. The dummy blocks 13 that are provided
in outer end portions of the light receiving element 10 in
such a manner serve to absorb external force applied to the
light receiving element 10. Accordingly, the influence of
external force on a main portion (namely, the blocks 12
including the light receiving sections 14) of the light receiv-
ing element 10 can be effectively reduced. Incidentally, a
configuration where the gap G is not provided between the
block 12 (hereinafter, “an outer side block™) located on the
outermost side in the X-axis direction and the dummy block
13 (namely, a configuration where the outer side block is
larger than the other blocks 12 by the sizes of the dummy
block 13 and the gap G) can be also considered. However,
in this case, due to a difference in size of a semiconductor
region between the outer side block and the blocks 12, a
characteristic difference occurs between the outer side block
and the other blocks 12. Namely, there occurs a decrease in
uniformity between the light receiving section 14 belonging
to the outer side block and the light receiving sections 14
belonging to the other blocks 12, which is a concern. On the
other hand, as in the present embodiment, when the sizes of
all of the blocks 12 are made uniform and fragmentary
regions (regions smaller than the blocks 12) generated in
outer end portions of the substrate 11 are used as the dummy
blocks 13, the influence of external force on the main portion
of the light receiving element 10 can be effectively reduced
while the above-described decrease in uniformity is pre-
vented.

[0052] In addition, the plurality of light receiving sections
14 are one-dimensionally arranged along the X-axis direc-
tion, and the gaps G extend in directions (the Y-axis direc-
tion and the Z-axis direction) intersecting the X-axis direc-
tion. The structure (long structure) where the plurality of
light receiving sections 14 (blocks 12) are one-dimension-
ally arranged with the gap G interposed therebetween in
such a manner tends to be easily broken by stress generated
when external force is applied thereto; however, the influ-
ence of external force on the light receiving element 10 can
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be appropriately reduced by the resin mold 40 that surrounds
the entire side surface of the light receiving element 10.
Namely, as described above, since the resin mold 40 is
formed so as to surround the entire side surface of the light
receiving element 10, the reliability of the light detection
device 1 with a long structure can be improved.

[0053] In addition, the resin mold 40 is formed of a resin
material having a Shore hardness of Shore A80 or more or
Shore D30 or more. In such a manner, since the resin mold
40 having an appropriate hardness is formed, external force
applied to the light receiving element 10 can be appropri-
ately absorbed.

[0054] In addition, according to the above-described
method for producing the light detection device 1, the light
detection device 1 exhibiting the above-described effect can
be easily and accurately produced. Furthermore, according
to the production method, even in the process for producing
the light detection device 1, the influence of external force
on the light receiving element 50 can be appropriately
reduced. Specifically, in the polishing step (fourth step),
since the light receiving element 50 and the resin mold 54
are polished together, the side surfaces of the light receiving
element 50 are supported by the resin mold 54, so that the
occurrence of distortion of the light receiving element 50
can be suppressed.

[0055] Particularly, in the present embodiment, the upper
surface 54a of the resin mold 54 formed in the third step
reaches a position higher than that of the main surface 515
of the substrate 51. Namely, in the third step, the resin mold
54 is formed so as to reach at least the height position of the
main surface 515 of the substrate 51. Accordingly, a part of
the light receiving element 50 protruding from the resin
mold 54 is not solely polished throughout the entirety of the
polishing step (fourth step). Namely, in the polishing step,
the light receiving element 50 is polished together with the
resin mold 54 in a state where the entire side surface of the
substrate 51 are always supported by the resin mold 54. As
a result, the occurrence of distortion of the light receiving
element 50 in the polishing step can be more effectively
suppressed.

[0056] In addition, the first step includes the step of
forming the trench T by dry etching or wet etching. Accord-
ingly, the trenches T having a very small width can be
accurately formed, and the plurality of light receiving sec-
tions 14 can be disposed at narrow pitches and with high
accuracy. For example, as described in Patent Document 1,
in the method by which the blocks (unit detection elements
in which the light receiving sections 14 are provided) that
are individualized in advance are individually disposed on
the wiring substrate 20, it is difficult that the width between
the blocks is realized with the accuracy of the above-
described width of the trench T. In addition, high processing
accuracy is required in order to align the postures (height
position and the like) of the blocks. On the other hand, in the
present embodiment, the resin mold 54 is formed in a state
where the blocks 52 are integrally connected by the portions
in which the trenches T are not formed, and the light
receiving element 50 is individualized into the blocks 12 in
the polishing step. Accordingly, the light receiving sections
14 (blocks 12) can be disposed at narrow pitches (accuracy
of the width of the trench T) and with high accuracy.
[0057] In addition, the light receiving element 50 prepared
in the first step is divided into the plurality of blocks 52 each
having the light receiving section 14 by the trenches T. Then,



US 2021/0184067 Al

the dummy blocks 53 that do not include the light receiving
sections 14 are provided in the light receiving element 50 so
as to face the blocks 52, which are located on the outermost
sides in the arrangement direction of the plurality of blocks
52, in the arrangement direction with the trench T interposed
therebetween. Accordingly, the dummy blocks 13 described
above can be formed by performing the polishing step, and
the influence of external force on the main portion (namely,
the blocks 12 including the light receiving sections 14) of the
light receiving element 10 can be effectively reduced.
[0058] In addition, in the light receiving element 50 pre-
pared in the first step, the plurality of light receiving sections
14 are one-dimensionally disposed, and the trenches T
extend in the directions intersecting the arrangement direc-
tion of the plurality of light receiving sections 14. As
described above, the structure (long structure) where the
plurality of light receiving sections 14 (blocks 52) are
one-dimensionally arranged with the trench T interposed
therebetween in such a manner tends to be easily broken by
stress generated when external force is applied thereto;
however, since the resin mold 54 is formed so as to surround
the entire side surface of the light receiving element 50, the
influence of external force on the light receiving element 50
can be appropriately reduced. Particularly, the influence of
external force on the light receiving element 50 in the
polishing step can be reduced. Therefore, according to the
production method, the light detection device 1 including
the light receiving element 10 with a long structure can be
stably produced.

[0059] In addition, in the third step, the resin mold 54 is
formed of a resin material having a Shore hardness of Shore
A80 or more or Shore D30 or more. Accordingly, the
hardness of the resin mold 54 can be set to a hardness
suitable for polishing, and the polishing step (fourth step)
can be smoothly performed. In addition, as described above,
the resin mold 54 goes through the polishing step (fourth
step), so that the resin mold 40 which is good from the
viewpoint of shock absorption is obtained.

[0060] In addition, in the fourth step, the light receiving
element 50 and the resin mold 54 are polished at least up to
the trenches T. Accordingly, the plurality of blocks 12 each
having the light receiving section 14 can be completely
separated from each other. Accordingly, the occurrence of
crosstalk between the blocks 12 can be reliably prevented.

Second Embodiment

[0061] Next, a light detection device 1A of a second
embodiment will be described with reference to FIGS. 8 and
9. The light detection device 1A differs mainly from the light
detection device 1 in that the light detection device 1A
includes a light receiving element 100 instead of the light
receiving element 10, and other configurations are the same
as those of the light detection device 1. In the above-
described method for producing the light detection device 1
of'the first embodiment, the polishing of the substrate 51 and
the resin mold 54 is completed before the trenches T are
reached, so that the light receiving element 100 is obtained.
The light receiving element 100 has a main surface 110a
(first main surface) in which the light receiving section 14 is
formed, and a main surface 1106 (second main surface)
opposite to the main surface 110a. In the light receiving
element 100, the main surface 11056 (second main surface)
does not reach the bottom portions (end portions of a main
surface 1105 side) of the trenches T and the trenches T are
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left. As illustrated in FIGS. 8 and 9, in a substrate 110, blocks
120 and dummy blocks 130 obtained by the above-described
polishing are divided by the trenches T, but are connected to
each other by portions (connection portions 110¢) in which
the trenches T are not formed, namely, are not completely
separated (individualized) from each other.

[0062] According to the light detection device 1A, the
blocks 120 are not completely separated from each other, but
the trench T is formed between the blocks 120 adjacent to
each other and the connection portion 110c¢ is made thin by
polishing, and thus crosstalk between the blocks 120 can be
effectively reduced. Incidentally, the thickness of the con-
nection portion 110¢ (distance from the main surface 1105 to
the bottom portion of the trench T) is, for example, 0.05 mm,
and the ratio between the thickness of the connection portion
110c¢ and the depth (distance from the main surface 110a of
the substrate 110 to the bottom portion of the trench T) of the
trench T is, for example, 1:5. In addition, as compared to
when the light receiving element 50 and the resin mold 54
are polished up to the trenches T, the amount of polishing
can be further reduced, so that the polishing step can be
shortened by that amount. In addition, since the blocks 120
and the dummy blocks 130 are not completely separated
from each other, the strength of the substrate 110 (light
receiving element 100) is easily secured. Namely, as com-
pared to when the blocks 120 and the dummy blocks 130 are
completely separated from each other, the influence of
external force on the light receiving element 100 is further
reduced.

Third Embodiment

[0063] Next, a light detection device 1B of a third embodi-
ment will be described with reference to FIGS. 10 to 12. The
light detection device 1B differs mainly from the light
detection device 1 in that the light detection device 1B
includes a light receiving element 200 instead of the light
receiving element 10, and other configurations are the same
as those of the light detection device 1. The light receiving
element 200 includes a substrate 210 including a plurality of
the light receiving sections 14 that are two-dimensionally
arranged. As one example, gaps G1 and G2 separate the
substrate 210 into nine blocks 220 of the same size arranged
in three rows and three columns, six dummy blocks 230A of
which three each are provided on both end portions in the
X-axis direction, six dummy blocks 230B of which three
each are provided on both end portions in the Y-axis
direction, and four dummy blocks 230C that are provided at
four corners. As one example, each of the blocks 220 and
each of the dummy blocks 230B are formed in a rectangular
plate shape having the X-axis direction as a longitudinal
direction. Each of the dummy blocks 230A is formed in a
rectangular plate shape having the Y-axis direction as a
longitudinal direction. Each of the dummy blocks 230C is
formed in a substantially square plate shape. In each of the
blocks 220, one light receiving section 14 is provided along
a main surface 210q (first main surface) of the substrate 210.
Each of the dummy blocks 230A, 230B, and 230C is not
provided with the light receiving section 14. The resin mold
40 is formed on the wiring substrate 20 so as to have the
surface 40a continuous with a main surface 21056 (second
main surface) of the substrate 210, and to surround the entire
side surface of the substrate 210. A gap between the sub-
strate 210 and the wiring substrate 20 and the gaps G1 and
G2 are also filled with the resin mold 40.
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[0064] Each of the gaps G1 extends in the Y-axis direction
and the Z-axis direction that intersect one arrangement
direction (X-axis direction) of a plurality of the blocks 220.
As illustrated in FIG. 10 and (a) of FIG. 11, the blocks 220
adjacent to each other in the X-axis direction are completely
separated from each other by the gap G1. Accordingly, the
occurrence of crosstalk between the blocks 220 adjacent to
each other in the X-axis direction is prevented. The gap G1
is also provided between the block 220 on an outermost side
in the X-axis direction and the dummy block 230A. Namely,
the dummy blocks 230A are provided in both end portions
in the X-axis direction of the substrate 210 so as to face the
blocks 220 on the outermost sides in the X-axis direction
with the gap G1 interposed therebetween. The width in the
Y-axis direction of each of the dummy blocks 230A is equal
to the width in the Y-axis direction of the block 220, and the
width in the X-axis direction of each of the dummy blocks
230A is smaller than the width in the X-axis direction of the
block 220.

[0065] Each of'the gaps G2 extends in the X-axis direction
and the Z-axis direction that intersect the other arrangement
direction (Y-axis direction) of the plurality of blocks 220. As
illustrated in FIG. 10 and (b) of FIG. 11, the blocks 220
adjacent to each other in the Y-axis direction are completely
separated from each other by the gap G2. Accordingly, the
occurrence of crosstalk between the blocks 220 adjacent to
each other in the Y-axis direction is prevented. The gap G2
is also provided between the block 220 on an outermost side
in the Y-axis direction and the dummy block 230B. Namely,
the dummy blocks 230B are provided in both end portions
in the Y-axis direction of the substrate 210 so as to face the
blocks 220 on the outermost sides in the Y-axis direction
with the gap G2 interposed therebetween. The width in the
X-axis direction of each of the dummy blocks 230B is equal
to the width in the X-axis direction of the block 220, and the
width in the Y-axis direction of each of the dummy blocks
230B is smaller than the width in the Y-axis direction of the
block 220.

[0066] The dummy blocks 230C are provided at the four
corners of the substrate 210, respectively. The width in the
X-axis direction of each of the dummy blocks 230C is equal
to the width in the X-axis direction of the dummy block
230A. The width in the Y-axis direction of each of the
dummy blocks 230C is equal to the width in the Y-axis
direction of the dummy block 230B. The dummy block
230C and the dummy block 230A adjacent to each other are
separated from each other by the gap G2. The dummy block
230C and the dummy block 230B adjacent to each other are
separated from each other by the gap G1.

[0067] FIG. 12 is a perspective view of a light receiving
element 250 (light receiving element to be formed into the
light receiving element 200) that is to be prepared in the
above-described process for producing the light detection
device 1B. The light receiving element 250 includes a
substrate 251 that is to be formed into the substrate 210 by
performing the above-described polishing step (fourth step).
The substrate 251 has a main surface 251a (first main
surface) in which the light receiving section 14 is formed,
and a main surface 2515 (second main surface) opposite to
the main surface 251a. A part of a main surface 2515 side of
the substrate 251 is polished to make the substrate 251 thin;
and thereby, the substrate 251 is formed into the substrate
210. The light receiving element 250 includes the plurality
(here, nine) of light receiving sections 14 that are two-

Jun. 17,2021

dimensionally (here, in three rows and three columns)
arranged on a main surface 2514 side of the substrate 251.
In the present embodiment, the bumps 30 are provided at the
four corners of each of the light receiving sections 14, which
are formed in a rectangular shape, with the electrode pad
interposed therebetween in advance. Trenches T1 and T2
that are to be formed into the gaps G1 and G2 by performing
the polishing step are formed in the main surface 251a of the
substrate 251 by dry etching or wet etching. Thereafter, the
same steps as the second to fourth steps in the above-
described method for producing the light detection device 1
of the first embodiment are performed to obtain the light
detection device 1B.

[0068] According to the light detection device 1B, the
same effects as those of the light detection device 1
described above can be exhibited, and the light receiving
sections 14 can be two-dimensionally disposed at narrow
pitches and with high accuracy. In addition, since the
dummy blocks 230A, 230B, and 230C are formed so as to
surround the plurality of blocks 220, the influence of exter-
nal force on a main portion (namely, the blocks 220 includ-
ing the light receiving sections 14) of the light receiving
element 200 can be effectively reduced.

[0069] The exemplary embodiments of the present disclo-
sure have been described above; however, the present dis-
closure is not limited to the embodiments. For example, the
material and the shape of each portion are not limited to the
materials and the shapes described above, and various
materials and shapes can be adopted. For example, the shape
and the number of blocks to be provided on a substrate of
one light receiving element, and the disposition and the
number of bumps to be provided corresponding to the light
receiving element are not limited to the embodiments.
[0070] In addition, as illustrated in FIG. 13, the light
detection device 1 of the first embodiment may include a
covering portion 60 on the main surface 115 side of the light
receiving element 10, in which the covering portion 60 is
formed so as to cover the surfaces (the main surface 10a and
the surface 40a) of the substrate 11 (light receiving element
10) and the resin mold 40. Namely, the above-described
process for producing the light detection device 1 of the first
embodiment may include a step of forming the covering
portion 60 after the above-described polishing step (fourth
step). The covering portion 60 can be made of, for example,
the same resin material as that of the resin mold 40. Since
the covering portion 60 described above is provided, the
main surface 115 of the light receiving element 10 can be
appropriately protected. In addition, the covering portion 60
may be made of a material different from that of the resin
mold 40. For example, when the covering portion 60 is made
of, for example, glass or the like, the bandpass, transmit-
tance, or the like of light with respect to the light receiving
element 10 can be adjusted according to the application.
Also in the second and third embodiments, similarly, the
covering portion 60 may be formed so as to cover the
surfaces of the light receiving element and the resin mold.
[0071] In the embodiments, one channel (light receiving
section 14) is provided in one block; however, a plurality of
channels may be disposed in one block. In this case, cross-
talk occurs between the channels provided in the same
block, but crosstalk between blocks (between channel
groups) is suppressed by the gap G or the trench T.

[0072] In the embodiment, as illustrated in FIG. 6, in the
third step, the resin mold 54 is formed such that the upper
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surface 54a of the resin mold 54 reaches a position higher
than that of the main surface 515 of the substrate 51;
however, the resin mold 54 may be formed so as to reach at
least a position which is further away from the wiring
substrate 20 than the bottom portions (end portions on the
main surface 5154 side) of the trenches T in the Z direction.
In this case, the first half of the polishing step (fourth step)
includes a period in which only the substrate 51 is polished,
and at least in the second half of the polishing step, both of
the substrate 51 and the resin mold 54 are polished together,
and thus the occurrence of distortion of the light receiving
element 50 (or distortion of the light receiving element 10
after the polishing step) can be suppressed. Incidentally, in
the light detection device 1A illustrated in FIGS. 8 and 9,
polishing may be completed before the upper surface of the
resin mold is reached. Namely, the upper surface of the resin
mold may be lower than the main surface 1105. Also in such
a case, since the resin mold that reaches at least a position
higher than that of the bottom portions of the trenches T is
formed over the entire periphery of the light receiving
element as viewed in the Z direction, a structure that is
strong against external force applied in the lateral direction
of the light receiving element can be realized. However, as
in the light detection device 1A illustrated in FIGS. 8 and 9,
when the main surface 1105 of the substrate 110 is continu-
ous with the surface 40a of the resin mold 40, the influence
of external force on the light receiving element 100 can be
more effectively reduced.

[0073] In addition, regarding a configuration where the
light receiving element and the wiring substrate are electri-
cally connected, the configuration can be randomly adopted
according to the type of the light receiving element, the
layout of output terminals, and the like. For example, in the
embodiments, bumps are used as means for electrically
connecting the light receiving element and the wiring sub-
strate; however, instead of the bumps, means such as sol-
dering, a conductive film, and a conductive adhesive may be
used. In addition, in the embodiments, four output terminals
(bumps as one example) are provided for one light receiving
section (block); however, the number of the output terminals
provided for one block is not limited thereto. For example,
one output terminal may be provided for one block, or one
common output terminal may be provided for a plurality of
blocks.

[0074] In addition, the trench T may be formed by meth-
ods other than dry etching or wet etching. For example, the
trench T may be formed by mechanical processing such as
dicing.

REFERENCE SIGNS LIST

[0075] 1, 1A, 1B: light detection device, 10, 50, 100, 200,
250: light receiving element, 11a, 51a, 110a, 210a, 251a:
main surface (first main surface), 115, 515, 1105, 2105,
2515: main surface (second main surface), 12, 52, 120, 220:
block, 13, 53, 130, 230A, 230B, 230C: dummy block, 14:
light receiving section, 20: wiring substrate (substrate), 40,
54: resin mold, 60: covering portion, G, G1, G2: gap, T, T1,
T2: trench.

1. A method for producing a light detection device, the

method comprising:

a first step of preparing a back-illuminated light receiving
element that includes a plurality of light receiving
sections arranged one-dimensionally or two-dimen-
sionally, a first main surface in which the light receiv-
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ing sections are formed, and a second main surface
opposite to the first main surface, and is provided with
a trench which is open to the first main surface so as to
isolate adjacent light receiving sections from each
other;

a second step of disposing the light receiving element on
a substrate such that the first main surface of the light
receiving element faces the substrate;

a third step of forming a resin mold, which reaches at least
a position that is further away from the substrate than
an end portion on a second main surface side of the
trench in a thickness direction of the substrate, on the
substrate so as to surround an entire side surface of the
light receiving element; and

a fourth step of polishing the light receiving element and
the resin mold from a second main surface side of the
light receiving element.

2. The method for producing a light detection device

according to claim 1,

wherein the first step includes a step of forming the trench
by dry etching or wet etching.

3. The method for producing a light detection device

according to claim 1,

wherein the light receiving element prepared in the first
step is divided into a plurality of blocks each having the
light receiving section by the trench, and

the light receiving element is provided with a dummy
block that does not include the light receiving section
so as to face the block located on an outermost side in
an arrangement direction of the plurality of blocks via
the trench in the arrangement direction.

4. The method for producing a light detection device

according to claim 1,

wherein the plurality of light receiving sections are one-
dimensionally arranged, and

the trench extends in a direction intersecting an arrange-
ment direction of the plurality of light receiving sec-
tions.

5. The method for producing a light detection device

according to claim 1,

wherein in the third step, the resin mold is formed so as
to reach at least a height position of the second main
surface of the light receiving element.

6. The method for producing a light detection device

according to claim 1,

wherein in the third step, the resin mold is formed of a
resin material having a Shore hardness of Shore A0 or
more or Shore D30 or more.

7. The method for producing a light detection device

according to claim 1,

wherein in the fourth step, the light receiving element and
the resin mold are polished at least up to the trench.

8. The method for producing a light detection device

according to claim 1, further comprising:

a step of forming a covering portion covering polished
surfaces of the light receiving element and the resin
mold after the fourth step.

9. A light detection device comprising:

a substrate;

a back-illuminated light receiving element that includes a
plurality of light receiving sections arranged one-di-
mensionally or two-dimensionally, a first main surface
in which the light receiving sections are formed, and a
second main surface opposite to the first main surface,
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and is disposed on the substrate such that the first main
surface faces the substrate; and

a resin mold formed on the substrate so as to surround an
entire side surface of the light receiving element,

wherein the light receiving element is divided into a
plurality of blocks by a gap that is provided from the
first main surface to the second main surface so as to
isolate adjacent light receiving sections from each
other, or by a trench that is open to the first main surface
so as to isolate the adjacent light receiving sections
from each other, and

a width of the resin mold from a side surface of the light
receiving element to an outer side surface of the resin
mold is larger than a width of the gap or the trench.

10. The light detection device according to claim 9,

wherein the light receiving element is provided with a
dummy block that does not include the light receiving
section so as to face the block located on an outermost
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side in an arrangement direction of the plurality of
blocks via the gap or the trench in the arrangement
direction.

11. The light detection device according to claim 9,

wherein the plurality of light receiving sections are one-
dimensionally arranged, and

the gap or the trench extends in a direction intersecting an
arrangement direction of the plurality of light receiving
sections.

12. The light detection device according to claim 9,

wherein the resin mold is formed of a resin material
having a Shore hardness of Shore A80 or more or Shore
D30 or more.

13. The light detection device according to claim 9,

further comprising:

a covering portion covering surfaces of the light receiving
element and the resin mold on a second main surface
side of the light receiving element.
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