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7) ABSTRACT
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FIG. 2A
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IMAGING MODULE AND CATHETER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] Priority is claimed on Japanese Patent Application
No. 2015-080227, filed on Apr. 9, 2015, the contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an imaging module
in which a solid-state imaging element is connected to an
electrical cable via a flexible wiring substrate, and a catheter
configured using the imaging module.

[0004] 2. Description of Related Art

[0005] Alot of imaging modules in which an imaging unit
having a solid-state imaging element is assembled to the tip
of an electrical cable are adopted for catheters.

[0006] The imaging modules have, for example, a con-
figuration in which a flexible wiring substrate (FPC) having
a solid-state imaging element mounted thereon and an
objective lens unit are housed within a tubular metal frame
member and the solid-state imaging element is electrically
connected to an electrical cable via the flexible wiring
substrate.

[0007] In an imaging element shown in Japanese Unex-
amined Patent Application, First Publication No. 201.1-
217887, a flexible wiring board (FPC) having an imaging
element chip (solid-state imaging element) mounted at a
central portion thereof is electrically connected to a signal
cable. The wiring board is bent to a side opposite to the
imaging element chip at both ends in a location where the
imaging element chip is mounted, and a block for supporting
and guiding the wiring board is provided in a space sut-
rounded by a central portion and an extension portion of the
wiring board.

[0008] In an imaging module shown in Japanese Unex-
amined Patent Application, First Publication No. 2013-
214815, a flexible wiring substrate (FPC) having a solid-
state imaging element at a central portion thereof is
connected to an electrical cable. The flexible wiring sub-
strate is bent to a side opposite to the solid-state imaging
element, and an internal space surrounded by the element
mounting portion and a rear piece is filled with resin that
supports the flexible wiring substrate.

[0009] In the imaging element shown in Japanese Unex-
amined Patent Application, First Publication No. 2011-
217887, it is necessary to fix the extension portion of the
wiring board to the block in order for it to be connected to
the signal cable, and it is difficult to reduce the diameter
thereof due to the presence of the block. For example, it is
difficult to set the outside dimension of the imaging module
portion to 2 mm or less. Additionally, there is concern that
the wiring board may be disconnected due to warpage
caused by a difference in coefficient of thermal expansion
from that of the block.

[0010] In the imaging module shown in Japanese Unex-
amined Patent Application, First Publication No. 2013-
214815, it 1s difficult to make a diameter small without
causing disconnection in the bent portion of the flexible
wiring substrate.
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SUMMARY

[0011] The present invention has been made in view of the
above-described circumstances, and provides an imaging
module and a catheter that can make a diameter small
without impairing connection reliability.

[0012] A first aspect of the present invention is an imaging
module including an electrical cable; a solid-state imaging
element having an imaging unit orthogonal to an axis
direction of a tip of the electrical cable; and a flexible wiring
substrate in which the solid-state imaging element and the
electrical cables are electrically connected together. The
flexible wiring substrate includes an element mounting
portion mounting the solid-state imaging element, and two
rear pieces that are bent at both end portions of the element
mounting portion and extend in a direction moving away
from the element mounting portion. An internal space of the
flexible wiring substrate surrounded by the element mount-
ing portion and the two rear pieces is filled with adhesive
resin in which a glass-transition temperature is 135° C. or
less.

[0013] In asecond aspect of the present invention accord-
ing to the imaging module of the first aspect described
above, it is preferable that the rear pieces have extending
portions configured so that portions, which include at least
extending ends, approach each other as the extending por-
tions are away from the element mounting portion, and
connecting pieces further extending from the extending
ends, and the internal space be surrounded by the element
mounting portion and the extending portions.

[0014] In a third aspect of the present invention according
to the imaging module of the first aspect or the second aspect
described above, it is preferable that the outside dimensions
of the flexible wiring substrate including the element mount-
ing portion and the two rear pieces, which cover the adhe-
sive resin, be equal to or less than the outside dimensions of
the solid-state imaging element.

[0015] In a fourth aspect of the present invention accord-
ing to the imaging module of any one of the first to the third
aspects described above, it is preferable that the adhesive
resin be an acrylic resin or an epoxy-based resin.

[0016] In a fifth aspect of the present invention according
to the imaging module of the second aspect described above,
it is preferable that the adhesive resin have intermediate
corners between first, second corners, which are formed
between the element mounting portion and the two extend-
ing portions, and a third corner formed in a place where the
two extending portions meet, respectively, and be formed in
a polygonal shape having five or more sides as a whole.
[0017] 1Ina sixth aspect of the present invention according
to the imaging module of any one of the first to the fifth
aspects described above, it is preferable that a rate of
volumetric shrinkage in curing of the adhesive resin be 3%
or more.

[0018] A seventh aspect of the present invention is a
catheter including an imaging module of any one of the first
to the sixth aspects described above.

[0019] According to the aspects of the present invention
described above, an internal space of the flexible wiring
substrate surrounded by the element mounting portion and
the two rear pieces is filled with adhesive resin in which a
glass-transition temperature is 135° C. or less. Therefore, the
adhesive resin can be softened when being put in a high-
temperature state (for example, 135° C. or more) in steril-
ization processing using an autoclave. Accordingly, a situ-
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ation in which a large force is applied to the bent portion or
the like of the flexible wiring substrate can be avoided even
in a high-temperature state, and damage of the flexible
wiring substrate can be prevented. As a result, connection
reliability can be improved.

[0020] According to the aspects of the present invention
described above, since no large force is applied to the
flexible wiring substrate by adhesive resin, an excessive
force is not applied to the bent portion even if the outside
dimensions of the flexible wiring substrate surrounding the
adhesive resin are made small. Hence, the diameter of the
imaging module can be reduced by adjusting the shape of the
flexible wiring substrate surrounding the adhesive resin.
[0021] Additionally, according to the aspects of the pres-
ent invention described above, since a configuration is
provided in which the internal space of the flexible wiring
substrate is filled with the adhesive resin, a member for
maintaining the shape of the flexible wiring substrate is
unnecessary, and disconnection of the flexible wiring sub-
strate caused by a difference in coeflicient of thermal expan-
sion from that of the member does not occur.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a sectional view showing an imaging
module related to an embodiment of the present invention
and a tip structure of a catheter assembled using the imaging
module.

[0023] FIG. 2A is a sectional view showing a portion of a
tip portion of the imaging module.

[0024] FIG. 2B is a view showing adhesive resin.

[0025] FIG. 3 is a view showing dimensions in the tip
portion of the imaging module.

[0026] FIG. 4A shows a modification example of the
adhesive resin with which the imaging module is filled, and
shows an example in which angels 61 and 05 of corners rl
and r5 are made larger than 90°.

[0027] FIG. 4B shows a modification example of the
adhesive resin with which the imaging module is filled, and
shows an example in which the adhesive resin is a polygon
of more than five sides.

[0028] FIG. 4C shows a modification example of the
adhesive resin with which the imaging module is filled, and
shows an example in which the sides between corners rl and
r5 and a comer 3 of the adhesive resin are formed in a
curved convex shape.

[0029] FIG. 5isa sectional view showing a portion of a tip
portion of another example of the imaging module.

[0030] FIG. 6A is a view showing a process of manufac-
turing the imaging module of the present invention.

[0031] FIG. 6B is a view showing a process of manufac-
turing the imaging module of the present invention.

[0032] FIG. 6C is a view showing a process of manufac-
turing the imaging module of the present invention.

[0033] FIG. 6D is a view showing a process of manufac-
turing the imaging module of the present invention.

[0034] FIG. 6E is a view showing a process of manufac-
turing the imaging module of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0035] An embodiment of the present invention is
described with reference to FIGS. 1 to 6E. In the following
description, in FIG. 1, a left end portion, that is, a solid-state
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imaging element 4 side with respect to a flexible wiring
substrate 10 is referred to as a front portion, and a right end
portion opposite (right side in FIG. 1) to the left end portion
is referred to as a rear portion. FIGS. 1 to 6E are views as
seen from a direction perpendicular to a forward-rearward
direction and a longitudinal direction D1 (to be described
below).

[0036] FIG. 1 shows an imaging module 100 of the
embodiment related to the present invention and a tip
structure of a catheter 101 assembled using the imaging
module 100. FIG. 2A is a sectional view showing a portion
of a tip portion of the imaging module, and FIG. 2B is a view
showing an adhesive resin.

[0037] The imaging module 100 is configured by electri-
cally connecting and attaching a flexible wiring substrate 10
(FPC), on which the solid-state imaging element 4 having an
imaging unit 3 is mounted, to the tip of a conductor 2 of an
electrical cable 1. As the solid-state imaging element 4, for
example, a complementary metal oxide semiconductor
(CMOS) can be suitably used.

[0038] The imaging module 100 is configured such that
the solid-state imaging element 4 is electrically connected to
the electrical cable 1 via the flexible wiring substrate 10.
[0039] The flexible wiring substrate 10, as shown in FIG.
2A, has an element mounting portion 11 in which the
solid-state imaging element 4 is mounted on the front
portion of a mounting surface 11a, and two rear pieces 12
and 13 that are bent at both end portions of the element
mounting portion 11 and extends to the rear portion.
[0040] As the flexible wiring substrate 10 is bent at both
the end portions of the element mounting portion 11 and is
made to extend to the rear portion, the two rear pieces 12 and
13 are formed.

[0041] The flexible wiring substrate 10 is, for example, a
single-sided wiring type flexible wiring substrate. That is,
the flexible wiring substrate 10, as shown in FIG. 2A, has a
structure in which wiring 14 formed on one surface side of
an insulated base material 10a with electric insulation
formed in the shape of a film is covered with a resist film 1056
(a covering layer, for example, solder resist) with electrical
insulation. The insulated base material 10a is made of, for
example, polyimide, and the wiring 14 is made of, for
example, copper.

[0042] A mounting part back surface 115 is a surface
opposite to the mounting surface 114 of the element mount-
ing portion 11.

[0043] As shown in FIG. 1, outside surfaces 126 and 135
(outer surface) of the rear pieces 12 and 13 are respectively
provided with pad-like terminal portions 12¢, 12d, 13¢, and
134 for a conductor, An inner conductor 2a and an outer
conductor 24 of the conductor 2 that is led out from a jacket
5 of the electrical cable 1 are electrically connected to the
terminal portions 12¢, 12d, 13¢, and 13d for a conductor,
respectively.

[0044] In electrical cable 1, a cable unit is configured by
a plurality of the conductors 2 being collectively covered
with the jacket 5.

[0045] The conductor 2 has the inner conductor 2a, a
primary covering layer 2¢ that covers the inner conductor
2a, an outer conductor 25 that is formed in a net-like fashion
of thin metallic wires and is provided around the primary
covering layer 2¢, and a secondary covering layer 24 that
covers the outer conductor 2b.
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[0046] As shown in FIGS. 1 and 24, the imaging unit 3 is
electrically connected to the wiring 14 of the flexible wiring
substrate 10 via an electric circuit formed in the solid-state
imaging element 4.

[0047] The solid-state imaging element 4 has a bump 4a,
electrically connected the electric circuit of the solid-state
imaging element 4, on a back surface thereof opposite to a
surface on which the imaging unit 3 is mounted. The bump
4a is, for example, a solder bump, a stud bump, a plating
bump, or the like.

[0048] The solid-state imaging element 4 is of a flip chip
type, and is electrically connected to the wiring 14 of the
flexible wiring substrate 10 by joining and fixing the bump
da to an electrode portion (not shown) formed on the
mounting surface 11a of the element mounting portion 11 of
the flexible wiring substrate 10.

[0049] The element mounting portion 11 of the flexible w
ng substrate 10 is electrically connected to the respective
terminals 12¢, 12d, 13¢, and 13d which are for a conductor
via the wiring 14 of the flexible wiring substrate 10. Accord-
ingly, the electric circuit of the solid-state imaging element
4 and the conductor 2 of the electrical cable 1 are electrically
connected together via the wiring 14.

[0050] The entire rear pieces 12 and 13 of the flexible
wiring substrate 10 in the imaging module 100 are covered
with an insulating tube 15 having electric insulation.
[0051] The insulating tube 15 is, for example, a tubular
member made of silicone resin, and is suitable in that the
insulating tube can be smoothly and slidingly moved at low
friction with respect to the conductor 2 of the electrical cable
1 or the flexible wiring substrate 10.

[0052] The insulating tube 15 is fixed to and integrated
with the internal flexible wiring substrate 10 and the con-
ductor 2 with inner layer resin 16 that fills the inside of the
insulating tube and is cured.

[0053] A conductor connecting portion 17a obtained by
soldering the conductor 2a of the conductor 2 to the termi-
nals 12¢ and 13¢ for a conductor and a conductor connecting
portion 17b obtained by soldering the conductor 256 of the
conductor 2 to the terminals 124 and 134 for a conductor are
respectively formed in the rear pieces 12 and 13 of the
flexible wiring substrate 10.

[0054] In the imaging module 100, the catheter 101 is
configured by further mounting a lens unit 20 and an outer
frame member 21

[0055] The lens unit 20 is attached to a light-receiving
surface 3a of e imaging unit 3 via a transparent cover
member 22.

[0056] The outer frame member 21 is a member having,
for example, a cylindrical shape or the like, which houses a
tip of the imaging module 100 together with the cover
member 22 and the lens unit 20 that are fixed to the
solid-state imaging element 4.

[0057] The lens unit 20 is obtained by incorporating an
objective lens (not shown) into a cylindrical lens barrel 20a,
and is provided by aligning an optical axis with the light-
receiving surface 3a of the imaging unit 3 and fixing one end
of the lens barrel 20¢ in an axis direction to the cover
member 22.

[0058] The lens unit 20 focuses the light, which is guided
via a lens within the lens barrel 20a from a front portion of
an imaging tip unit 12, on the light-receiving surface 3a of
the imaging unit 3 in the solid-state imaging element 4.
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[0059] The outer frame member 21 is bonded and secured
to the insulating tube 15 of the imaging module 100 with
outer layer resin 23 that fills the inside of the outer frame
member and is cured.

[0060] The insulating tube 15 prevents the conductor
connecting portion 17a and the conductor connecting por-
tion 17b, which are respectively formed in the two rear
pieces 12 and 13 of the flexible wiring substrate 10, from
contacting the outer frame member 21 to cause short-
circuiting.

[0061] The flexible wiring substrate 10 of the imaging
module 100 will be further described.

[0062] Asshown in FIGS. 1 and 2A, the rear pieces 12 and
13 of the flexible wiring substrate 10 have extending por-
tions 12¢ and 13e that are bent with respect to the element
mounting portion 11, and connecting pieces 12f'and 13f'that
extend from extending ends 12¢1 and 13el of the extending
portions 12¢ and 13e to the rear portion.

[0063] As shown in FIG. 2A, the extending portions 12¢
and 13e have extending base portions 12g and 13g and
inclined extending portions 12% and 134

[0064] In FIG. 2A, the extending base portions 12g and
13g extend from both the end portions (both the end portions
of the substrate in the longitudinal direction D1 (upward-
downward direction in FIG. 1)) of the element mounting
portion 11 to the rear portion. The extending base portions
12g and 13g are substantially perpendicular to the element
mounting portion 11.

[0065] The inclined extending portions 12/ and 137
extend from extending ends 12¢g1 and 13g1 of the extending
base portions 12g and 13g so as to approach each other as
inclined extending portions are separated from the element
mounting portion 11. The inclined extending portions 12/
and 13/ abut against each other in the extending ends 12el
and 13el.

[0066] As shown in FIG. 1, the connecting piece portions
12f'and 13/ constitute a substrate mating portion 24 in which
facing surfaces 12a and 13a are made to abut against each
other.

[0067] In the substrate mating portion 24, the connecting
pieces 12f'and 13/ are bonded together with interlayer resin
24q interposed between the facing surfaces 124 and 13a.
[0068] A substrate internal space 25, having a home base
shape, which are surrounded by the extending portions 12¢
and 13e, the element mounting portion 11, and the substrate
mating portion 24 is filled with adhesive resin R. The
extending portions 12¢ and 13e and the element mounting
portion 11 are bonded and secured to each other with the
adhesive resin R.

[0069] In the flexible wiring substrate 10, the shape of a
portion located around the substrate internal space 25 is
constrained with the adhesive resin R that fills the substrate
internal space 25 and is cured, and is not easily deformed,
and shape stability is guaranteed.

[0070] That is, in the flexible wiring substrate 10, the
shape of a tip portion 18 (a portion consisting of the element
mounting portion 11 and the extending portions 12e and
13¢) of the flexible wiring substrate 10 can be stably
maintained with the adhesive resin R that is buried and cured
in the substrate internal space 25.

[0071] It is preferable that the elastic modulus of the
insulated base material 10a constituting the flexible wiring
substrate 10 be 6 GPa or less, and it is preferable that the
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elastic modulus of the wiring 14 constituting the flexible
wiring substrate 10 similar to the insulated base material 10a
be 35 GPa or less.

[0072] Next, the substrate internal space 25 formed
between the element mounting portion 11 and the rear pieces
12 and 13 of the flexible wiring substrate 10 and the
adhesive resin R, which fills the substrate internal space 25,
will be described below with reference to FIGS. 1 to 3.
[0073] As shown in FIGS. 1 to 2B, the adhesive resin R
with which the substrate internal space 25 of the flexible
wiring substrate 10 is filled is formed in a pentagonal shape
(or a substantially pentagonal shape) (designated by refer-
ence sign 30) as a whole by the element mounting portion 11
and the rear pieces 12 and 13.

[0074] As shown in FIGS. 2A to 3, it is preferable that an
outside dimension L1 of the flexible wiring substrate 10
surrounding the adhesive resin R be equal to or less than an
outside dimension [.2 of the solid-state imaging element 4 in
the direction D1. It is preferable that the outside dimension
L1 be smaller than the outside dimension L2. The outside
dimensions L1 and L2 are the dimensions of the flexible
wiring substrate 10 in the longitudinal direction D1 in the
element mounting portion 11.

[0075] In FIG. 3, the outermost periphery (a right-end
portion in FIG. 3) of the flexible wiring substrate 10 in the
direction D1 is located on an inner side in the direction D1,
compared to the outermost periphery (the right-end portion
of FIG. 3) of the solid-state imaging element 4 in the
direction D1.

[0076] Tt is preferable that the distance (designated by
reference sign Al) in the direction D1 between the outer-
most periphery (the right-end portion of FIG. 3) of the
flexible wiring substrate 10 in the direction D1 and the
outermost periphery (the right-end portion of FIG. 3) of the
solid-state imaging element 4 in the direction D1 be 0 mm
to 0.195 mm.

[0077] Itis preferable that an inside radius (designated by
reference sign A2 in FIG. 3) of a bent portion 10A of the
flexible wiring substrate 10 be 0.05 mm to 0.10 mm. By
setting an inside radius A2 to this range, the diameter of the
tip portion 18 can be made small, and disconnection in the
bent portion 10A can be prevented.

[0078] 1t is, preferable that the distance (designated by
reference sign A3 in FIG. 3) in the direction D1 from the
outermost periphery (a right end of FIG. 3) of the bump 4a
on the flexible wiring substrate 10 on which the solid-state
imaging element 4 be mounted to the innermost periphery of
the bent portion 10A in the direction D1 be 0 mm to 0.195
mm. By setting the distance A3 to this range, the diameter
of the tip portion 18 can be made small.

[0079] Tt is preferable that the distance (designated by
reference sign A4 in FIG. 3) in the direction D1 between the
outermost periphery (the right end of FIG. 3) of the bump 4a
on the flexible wiring substrate 10 on which the solid-state
imaging element 4 is mounted and the outermost periphery
(right-end portion of FIG. 3) of the solid-state imaging
element 4 in the direction D1 be 0 mm to 0.195 mm. By
setting the distance A4 to this range, the strength of joining
between the element mounting portion 11 and the solid-state
imaging element 4 can be enhanced.

[0080] When the internal diameter (designated by refer-
ence sign A2 in FIG. 3) of the bent portion 10A of the
flexible wiring substrate 10 is set to be 0.05 mm to 0.10 mm,
it is preferable to select a flexible material with an elastic
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modulus of 1.5 GPa or less and a breaking elongation of
30% or more for the resist film 105 (refer to FIG. 2A)
located on an outside surface of the flexible wiring substrate
10. In addition, the elastic modulus of general resist for
flexible wiring substrates is 3 GPa or more, and the breaking
elongation is approximately several percents.

[0081] The reason why the inside bending radius of the
bent portion 10A is 0.10 mm or less is because the bent
portion 10A reaches the outer side beyond the outside
dimensions of the solid-state imaging element 4 if the
bending radius exceeds 0.10 mm.

[0082] Meanwhile, in the elastic modulus and the breaking
elongation of the above-described general resist for flexible
wiring substrates, there is a concern that the resist surface
may break when the inside bending radius of the bent
portion 104 is 0.10 mm or less.

[0083] Thus, breaking of a resist surface can be avoided by
selecting materials with an elastic modulus of 1.5 GPa or
less and a breaking elongation of 30% or more and setting
the inside bending radius of the bent portion 10A to 0.05 mm
or more in order to form the resist film 105 located on the
outside surface of the flexible wiring substrate 10.

[0084] Additionally, if the inside bending radius of the
bent portion 10A is less than 0.05 mm, breaking of the resist
surface is apt to occur even if any kinds of material are used
as a resist film 105.

[0085] The resist film 105 for flexible wiring substrates is
not an indispensable constituent element. The resist film
may be omitted if necessary for prevention of an increase in
the diameter of the flexible wiring substrate 10 as long as
short circuiting does not occurs with respect to the outer
frame member 21.

[0086] FIG. 51sa sectional view showing a portion of a tip
portion of an imaging module in which the flexible wiring
substrate 10 does not have the resist film 105.

[0087] As shown in FIGS. 2A and 2B, the adhesive resin
R with which the substrate internal space 25 of the flexible
wiring substrate 10 is filled is formed in a pentagonal shape
30 having five corners (the angles of the respective corners
are defined as 01 to 05) indicated by reference signs r1 to r5.
Sides of the pentagonal shape 30 are respectively designated
by reference signs 30A to 30E.

[0088] The corner r1 (first corner) and the corner r5
(second corner) of the adhesive resin R, as shown in FIGS.
2A and 2B, are corners between the element mounting
portion 11 and the rear pieces 12 and 13. It is preferable that
the angles 81 and 65 of the corners r1 and r5 be 90° or more.
It is preferable that the corners rl1 and rS have a curved
convex surface 26.

[0089] The corner r2 (intermediate corner) and the corner
rd (intermediate corner) are corners between the extending
base portions 12¢g and 13g and the inclined extending
portions 12/ and 134. It is preferable that the angles 62 and
64 of the corners r2 and r4 be 90° or more and less than 180°.
[0090] The corner r3 (third corner) is a corner formed in
a place where the two inclined extending portions 12/ and
137 are joined together.

[0091] In the shown example, the angles 81 and 05 of the
corners rl and r5 are approximately 90°, and the adhesive
resin R forms a home base-like pentagonal shape 30 as a
whole.

[0092] In addition, the shape of the adhesive resin R
shown in FIGS. 1 to 2B is an example, and the shape of the
adhesive resin R is not limited to this. For example, as
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shown in FIG. 4A, the angles 61 and 65 of the corners r1 and
r5 may be larger than 90°. Additionally, as shown in FIG.
4B, the adhesive resin R may be formed in a polygonal shape
exceeding a pentagonal shape. The adhesive resin R shown
in FIG. 4B is a heptagon that has a corner r6 between the
corner r2 and r3 and has a corner r7 between the corner r3
and r4. Additionally, as shown in FIG. 4C, a side between
the corner rl and the corner r3, and a side between the corner
r5 and the corner r3 may be a curved convex shape.

[0093] Next, the adhesive resin R with which the substrate
internal space 25 of the flexible wiring substrate 10 is filled
will be described.

[0094] As the adhesive resin R, a resin in which a glass-
transition temperature is 135° C. or less is used. As the
adhesive resin R, for example, UV-curable acrylic resin or
epoxy-based resin is suitably used. Accordingly. the adhe-
sive resin R can be softened when the imaging module 100
is put in a high-temperature state (approximately 135° C. or
more) in sterilization processing using an autoclave.

[0095] In addition to a glass transition temperature being
135° C. or less, materials for the adhesive resin R may also
be selected taking a rate of volumetric shrinkage of the resin
in curing into consideration.

[0096] For example, as the adhesive resin R, adhesive
resin in which the rate of volumetric shrinkage is 3% or
more is preferably used. Thus, in a manufacturing process to
be described below, when a reference pin 50 is pulled out
and the substrate internal space 25 is filled with the adhesive
resin R and this adhesive resin is cured, the extending
portions 12¢ and 13e are pulled inward with the shrinkage
force of the adhesive resin R (refer to the arrow of FIG. 2A),
so that the extending portions 12¢ and 13e can be inhibited
from widening outward due to the restoring force of the
flexible wiring substrate 10. Hence, the diameter of the tip
portion 18 can be made smaller.

[0097] Since more contraction can be caused by the adhe-
sive resin R if the rates of volumetric shrinkage are 5% or
more and 10% or more, the diameter of the tip portion 18 can
be made smaller.

[0098] Inaddition, as the UV-curable acrylic resin suitably
used as the adhesive resin R, for example, there are those
having properties in which the glass transition temperature
is 106° C. and the rate of volumetric shrinkage in curing
becomes 12.8%.

[0099] The imaging module 100 is manufactured, for
example, as shown in FIGS. 6A to 6E.

[0100] First, as shown in FIG. 6A, a pentagonal reference
pin 50 is arranged on the mounting part back surface 115 of
the flexible wiring substrate 10. The reference pin 50 brings
a portion corresponding to a side 30A (refer to FIG. 2A) of
the pentagonal shape 30 into close contact with the mount-
ing part back surface 115 of the flexible wiring substrate 10.

[0101] The surface of the solid-state imaging element 4
installed on the mounting surface 11a of the flexible wiring
substrate 10 is held down from above.

[0102] The outer shape of the reference pin 50 is appro-
priately selected to correspond to the shape of the adhesive
resin R to be finally formed (refer to FIGS. 2A to 4C).
[0103] As shown in FIG. 6B, the extending portions 12¢
and 13e (extending base portions 12g and 13g) are formed
by bending both the end portions of the element mounting
portion 11 of the flexible wiring substrate 10.
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[0104] As shown in FIG. 6C, an adhesive 53 is coated on
an inner surface of a location that becomes a connecting
piece 131 of a rear piece 13 of the flexible wiring substrate
10.

[0105] As shown in FIG. 6D, the connecting pieces 12f
and 13/ of the flexible wiring substrate 10 are bonded
together with an adhesive 53. This forms the substrate
mating portion 24 of the flexible wiring substrate 10.
[0106] As shown in FIG. 6E, the adhesive resin R is cured
after the reference pin 50 inserted between the element
mounting portion 11 and the rear pieces 12 and 13 of the
flexible wiring substrate 10 is pulled out and the substrate
internal space 25 in which the reference pin 50 is arranged
is filled with the adhesive resin. R.

[0107] In the imaging module 100, a substrate internal
space 25 of the flexible wiring substrate 10 surrounded by
the element mounting portion 11 and the two rear pieces 12,
13 is filled with adhesive resin R in which a glass-transition
temperature is 135° C. or less. Therefore, the adhesive resin
R canbe softened when being put in a high-temperature state
(for example, 135° C. or more) in sterilization processing
using an autoclave.

[0108] Accordingly, a situation in which a large force is
applied to the bent portion 10A or the like of the flexible
wiring substrate 10 can be avoided even in a high-tempera-
ture state, and damage of the flexible wiring substrate 10 can
be prevented. As a result, connection reliability can be
improved.

[0109] Additionally, since no large force is applied to the
flexible wiring substrate 10 by the adhesive resin R, an
excessive force is not applied to the bent portion 10A even
if the outside dimensions of the flexible wiring substrate 10
surrounding the adhesive resin R are made small. Hence, the
diameter of the imaging module 100 can be reduced by
adjusting the shape of the flexible wiring substrate 10
surrounding the adhesive resin R.

[0110] Since the imaging module 100 has a configuration
in which the substrate internal space 25 of the flexible wiring
substrate 10 is filled with the adhesive resin R, a member for
maintaining the shape of the flexible wiring substrate 10 is
unnecessary, and disconnection of the flexible wiring sub-
strate 10 caused by a difference in coefficient of thermal
expansion from that of the member does not occur.

[0111] Inthe imaging module 100, since the adhesive resin
R which is softened in a high-temperature state is used, the
adhesive resin R has a shape according to the shape of the
flexible wiring substrate 10. Therefore, the alignment
between the adhesive resin R and the flexible wiring sub-
strate 10 is not necessary, and manufacture is easy.

[0112] In contrast, when the member for maintaining the
shape of the flexible wiring, substrate 10 is used, since the
alignment between the member and the flexible wiring
substrate is required, substantial time and effort are required
for manufacture. Additionally, since the member requires
precision processing, high-volume manufacture is difficult,
and costs increase.

[0113] Although the embodiment of the present invention
has been described above in detail with reference to the
drawings, the specific configuration is not limited to the
embodiment, and design changes or the like are also
included without departing from the scope of the present
invention. For example, the extending portions are not
limited to the shown structure as long as they have the
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structure in which portions including at least the extending
ends approach each other as they move away from the
element mounting portion.

[0114] Moreover, additions, omissions, substitutions, and
other modifications can be made without departing from the
spirit or scope of the present invention. Accordingly, the
invention is not to be considered as being limited by the
foregoing description, and is only limited by the scope of the
appended claims.

What is claimed is:

1. An imaging module comprising:

an electrical cable;

a solid-state imaging element comprising an imaging unit
orthogonal to an axis direction of a tip of the electrical
cable; and

a flexible wiring substrate in which the solid-state imag-
ing element and the electrical cables are electrically
connected together,

wherein the flexible wiring substrate comprises an ele-
ment mounting portion mounting the solid-state imag-
ing element, and two rear pieces that are bent at both
end portions of the element mounting portion and
extend in a direction away from the element mounting
portion, and

wherein an internal space of the flexible wiring substrate
surrounded by the element mounting portion and the
two rear pieces is filled with an adhesive resin in which
a glass-transition temperature is 135° C. or less.

2. The imaging module according to claim 1,

wherein the rear pieces comprise extending portions con-
figured so that portions, which comprise at least
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extending ends, approach each other as the extending
portions are away from the element mounting portion,
and connecting pieces further extending from the
extending ends, and

wherein the internal space is surrounded by the element
mounting portion and the extending portions.

3. The imaging module according to claim 1,

wherein the outside dimensions of the flexible wiring
substrate comprising the element mounting portion and
the two rear pieces, which cover the adhesive resin, are
equal to or less than the outside dimensions of the
solid-state imaging element.

4. The imaging module according to claim 1,

wherein the adhesive resin is an acrylic resin or an
epoxy-based resin.

5. The imaging module according to claim 2,

wherein the adhesive resin has intermediate corners
between first, second corners, which are formed
between the element mounting portion and the two
extending portions, and a third corner formed in a place
where the two extending portions meet, respectively,
and is formed in a polygonal shape having five or ore
sides as a whole.

6. The imaging module according to claim 1,

wherein a rate of volumetric shrinkage in curing of the
adhesive resin is 3% or more.

7. A catheter comprising: an imaging module according to

claim 1.
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