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(57) ABSTRACT

An optical wiring substrate includes an insulation layer
including a resin, and a conductor layer formed on the insu-
lation layer and including a metal and an inclined surface
inclined relative to an optical axis of an optical fiber. A first
wiring pattern and a second wiring pattern are formed in the
conductor layer, the first wiring pattern including a first con-
necting part to which a first electrode of a photoelectric con-
version element is connected, and the second wiring pattern
including a second connecting part to which a second elec-
trode of the photoelectric conversion element is connected. A
distance between the first wiring pattern and the second wir-
ing pattern is narrowest between the first connecting part and
the second connecting part. A distance between the first con-
necting part and the second connecting part is less than a
dimension of the conductor layer in a thickness direction
thereof.
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OPTICAL WIRING SUBSTRATE,
MANUFACTURING METHOD OF OPTICAL
WIRING SUBSTRATE AND OPTICAL
MODULE

[0001] The present application is based on Japanese patent
application No. 2013-097751 filed on May 7, 2013, the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to an optical wiring substrate
in which wiring patterns are formed, a manufacturing method
of'the optical wiring substrate and an optical module using an
optical wiring substrate.

[0004] 2. Description of the Related Art

[0005] An optical module is known in which electric wir-
ings are patterned and a photoelectric conversion element is
mounted (See e.g., JP-A-2009-151072).

[0006] The optical module disclosed in JP-A-2009-151072
includes a substrate comprised of an insulating resin layer and
a metal layer formed on the surface of the insulating resin
layer, a photoelectric conversion element mounted on the
substrate, an optical waveguide optically connected to an
optical fiber, an optical signal path conversion component in
which a reflecting surface is formed, the reflecting surface
being configured to reflect a light that propagates an inner
portion of the optical fiber and the optical waveguide. In order
to accurately reflect the light signal from the optical
waveguide side to the photoelectric conversion element side
or from the photoelectric conversion element side to the opti-
cal waveguide side, the photoelectric conversion element has
a height corresponding to the size of the thickness direction of
the optical waveguide (the outer diameter of the optical fiber).
A method of forming a wiring pattern includes forming a
resist pattern in conformity to the wiring pattern, and forming
the wiring pattern by etching.

SUMMARY OF THE INVENTION

[0007] The optical wiring substrate disclosed in JP-A-
2009-151072 needs to separately mount an optical signal path
conversion component thereon, so that increase in the number
of components and working man-hours is caused. Then, the
inventors of the present application have got the idea for
forming a reflecting surface in a part of the wiring pattern and
converting the optical path of the light that propagates
through the optical fiber by the reflecting surface. In this case,
it is necessary to form the wiring pattern by a metal layer
having a thickness according to the height of the reflecting
surface (the outer diameter of the optical fiber), and gaps
between regions being close to each other of the neighboring
wiring patterns are needed to be broadened according to the
thickness of the metal layer. For example, if the metal layer
has a thickness of 70 pum, in order to accurately form the
wiring patterns by etching, it is preferred to ensure that the
distance between the neighboring wiring patterns is not less
than 70 pm.

[0008] On the other hand, recently in association with den-
sity growth of components in an electronic device such as an
information processing device, a communicating device, a
photoelectric conversion element is also increasingly minia-
turized, thus a distance between the electrode pads of the
photoelectric conversion element becomes narrow. In case
that the wiring patterns are formed by using the above-men-
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tioned thick metal layer, if the distance between the electrode
pads of the photoelectric conversion element is narrower than
the distance between the wiring patterns, this makes it impos-
sible for the photoelectric conversion element to be mounted
on the wiring patterns.

[0009] It is an object of the invention to provide an optical
wiring substrate that is capable of responding to downsizing
of mounted components though a reflecting surface is formed
on a part of wiring patterns, as well as a manufacturing
method of the optical wiring substrate and an optical module
using the optical wiring substrate.

(1) According to One Embodiment of the Invention, an
Optical Wiring Substrate Comprises:

[0010] an insulation layer comprising a resin; and

[0011] aconductor layer formed on the insulation layer and
comprising a metal and an inclined surface inclined relative to
an optical axis of an optical fiber,

[0012] wherein a first wiring pattern and a second wiring
pattern are formed in the conductor layer, the first wiring
pattern comprising a first connecting part to which a first
electrode of a photoelectric conversion element is connected,
and the second wiring pattern comprising a second connect-
ing part to which a second electrode of the photoelectric
conversion element is connected,

[0013] wherein a distance between the first wiring pattern
and the second wiring pattern is narrowest between the first
connecting part and the second connecting part, and

[0014] wherein a distance between the first connecting part
and the second connecting part is less than a dimension of the
conductor layer in a thickness direction thereof

(2) According to Another Embodiment of the Invention, an
Optical Module Comprises:

[0015] the optical wiring substrate according to the above
embodiment (1); and

[0016] the photoelectric conversion element mounted on
the optical wiring substrate by flip-chip mounting.

(3) According to another embodiment of the invention, a
manufacturing method of the optical wiring substrate accord-
ing to the above embodiment (1) comprises:

[0017] forming the conductor layer on a surface of the
insulation layer; and

[0018] removing a part of the conductor layer so as to form
the first wiring pattern and the second wiring pattern,

[0019] wherein the forming of the first wiring pattern and
the second wiring pattern comprises:

[0020] coating a resist on the conductor layer such that the
distance between the first wiring pattern and the second wir-
ing pattern is narrowest between the first connecting part and
the second connecting part, and the distance between the first
connecting part and the second connecting part is less than the
dimension of the conductor layer in the thickness direction;
and

[0021] removing by etching a part of the conductor layer
that is not coated with the resist.

Effects of the Invention

[0022] According to one embodiment of the invention, an
optical wiring substrate can be provided that is capable of
responding to downsizing of mounted components though a
reflecting surface is formed on a part of wiring patterns, as
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well as a manufacturing method of the optical wiring sub-
strate and an optical module using the optical wiring sub-
strate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The preferred embodiments according to the inven-
tion will be explained below referring to the drawings,
wherein:

[0024] FIG. 11is a plan view schematically showing a con-
figuration example of an optical wiring substrate and an opti-
cal module including the optical wiring substrate according to
a first embodiment of the invention;

[0025] FIG. 2 is a cross-sectional view taken along the line
A-AinFIG. 1,
[0026] FIG. 3A is a cross-sectional view taken along the

line B-B in FIG. 1;

[0027] FIG. 3B is a partial enlarged view of C part in FIG.
3A;
[0028] FIG. 4 is a partial enlarged view of a photoelectric

conversion element and a peripheral part thereof in FIG. 1;
[0029] FIGS.5A to 5C are cross-sectional views schemati-
cally showing a forming process of the optical wiring sub-
strate;

[0030] FIGS. 6A to 6C are plan views schematically show-
ing a forming process of the optical wiring substrate;

[0031] FIG.7isacross-sectional view schematically show-
ing a configuration example of an optical wiring substrate and
an optical module including the optical wiring substrate
according to a second embodiment of the invention, viewed
from the longitudinal direction of an optical fiber;

[0032] FIG. 8A is a cross-sectional view schematically
showing an optical module according to the second embodi-
ment of the invention;

[0033] FIG. 8B is a partial enlarged view of D part in FIG.
8A; and
[0034] FIGS.9A to 9D are cross-sectional views schemati-

cally showing a forming process of the optical wiring sub-
strate according to the second embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0035] FIG. 11is a plan view schematically showing a con-
figuration example of an optical wiring substrate and an opti-
cal module including the optical wiring substrate according to
a first embodiment of the invention.

[0036] (Configuration of Optical Module 1)

[0037] The optical module 1 includes an optical wiring
substrate 10, a photoelectric conversion element 11 mounted
on a mounting surface 10qa of the optical wiring substrate 10
by flip-chip mounting and a semiconductor circuit element 12
electrically connected to the photoelectric conversion ele-
ment 11.

[0038] The photoelectric conversion element 11 is config-
ured such that a plurality of electrodes (a first electrode 111,
a second electrode 112 and a third electrode 113 in the
embodiment) are disposed in a main body 110. The first
electrode 111 and the third electrode 113 are electrically
connected to a first wiring pattern 21 formed in the mounting
surface 10a of the optical wiring substrate 10. The second
electrode 112 is electrically connected to a second wiring
pattern 22 formed in the mounting surface 10a of the optical
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wiring substrate 10. The photoelectric conversion element 11
is mounted on a position facing a reflecting surface 22a
formed in a part of the second wiring pattern 22.

[0039] In the embodiment, the photoelectric conversion
element 11 is configured such that the dimension in a direc-
tion parallel to the longitudinal direction of the optical fiber 5
is, for example, 350 um, and the dimension in a direction
perpendicular to the longitudinal direction of the optical fiber
5 is, for example, 250 um. The distance between the first
electrode 111 and the second electrode 112 (the shortest
distance) is, for example, 40 to 50 um.

[0040] The photoelectric conversion element 11 is an ele-
ment configured to convert electric signals to optical signals
or convert optical signals to electric signals. The former
example includes a light emitting element such as a semicon-
ductor laser element, a LED (Light Emitting Diode). In addi-
tion, the latter example includes a light receiving element
such as a photo diode. The photoelectric conversion element
11 is configured to emit or receive a light from a light-receiv-
ing and emitting part 114 formed in the side of the mounting
surface 10qa of the optical wiring substrate 10 in a direction
perpendicular to the optical wiring substrate 10.

[0041] The semiconductor circuit element 12 is mounted
onthe mounting surface 104 of the optical wiring substrate 10
by flip-chip mounting, and is configured such that a plurality
(ten in the embodiment) of pad electrodes 121 are disposed in
a main body 120. The plural pad electrodes 121 are electri-
cally connected to the semiconductor circuit element wiring
pattern 23 respectively. Of the plural pad electrodes 121, a pad
electrode 121a configured to transmit signals is connected to
the second wiring pattern 22 to which the second electrode
112 of the photoelectric conversion element 11 is connected,
thereby the semiconductor circuit element 12 and the photo-
electric conversion element 11 are electrically connected to
each other.

[0042] If the photoelectric conversion element 11 is con-
figured to convert electric signals to optical signals, the semi-
conductor circuit element 12 is a driver IC configured to drive
the photoelectric conversion element 11. If the photoelectric
conversion element 11 is configured to convert optical signals
to electric signals, the semiconductor circuit element 12 is a
receiver IC configured to amplify signals input from the pho-
toelectric conversion element 11.

[0043] Further, the optical wiring substrate 10 can be con-
figured such that electronic components, other than the pho-
toelectric conversion element 11 and the semiconductor cir-
cuit element 12, such as a connector, an IC (Integrated
Circuit), or an active element (a transistor and the like), a
passive element (a resistor, a condenser and the like) are
mounted thereon.

[0044] The optical fiber 5 is arranged such that the end
surface thereof faces the reflecting surface 22a formed in the
second wiring pattern 22, and the optical fiber 5 is configured
to be held by a holding member 4 from a position above the
mounting surface 10a of the optical wiring substrate 10.
[0045] (Configuration of Optical Wiring Substrate 10)
[0046] FIG. 2 is a cross-sectional view taken along the line
A-A in FIG. 1. FIG. 3A is a cross-sectional view taken along
the line B-B in FIG. 1 and FIG. 3B is a partial enlarged view
of C part in FIG. 3A.

[0047] The optical wiring substrate 10 includes an insula-
tion layer 3 comprised of a resin and an conductor layer 2
laminated on a main surface 3a of the insulation layer 3 and
comprised of a metal, the conductor layer having an inclined
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surface 2004 that is inclined relative to an optical axis of the
optical fiber 5. In the embodiment, the angle formed between
the inclined surface 2004 and the main surface 3a of the
insulation layer 3 is 45 degrees.

[0048] The conductor layer 2 is, for example, comprised of
a good conductive metal such as copper, the dimension (H) in
the thickness direction thereofis not less than 70 um. Further,
it is preferable that the dimension (H) in the thickness direc-
tion of the conductor layer 2 is 70 to 80 um.

[0049] As shown in FIG. 3B, in the embodiment, on the
surface 2a of the conductor layer 2, a Ni plating layer 25
comprised of nickel (Ni) and a gold plating layer 26 com-
prised of gold (Au) are laminated. Similarly, with regard to
the inclined surface 200a formed in the conductor layer 2, the
Ni plating layer 25 and the gold plating layer 26 are laminated
onthe surface thereof. The reflecting surface 224 is formed on
the outermost surface of the gold plating layer 26.

[0050] In the conductor layer 2, the above-mentioned first
wiring pattern 21, the second wiring pattern 22 and the semi-
conductor circuit element wiring pattern 23 are formed. In
addition, in the conductor layer 2, an accommodating part 20
configured to guide the optical fiber 5 to the inclined surface
200a (reflecting surface 22a) and to accommodate the end
part of the optical fiber 5 is formed. The reflecting surface 22a
is formed in a position facing a core 51 of the optical fiber 5
arranged in the accommodating part 20.

[0051] As shown in FIG. 3, when a light propagating
through optical fiber 5 is emitted from the core 51, the reflect-
ing surface 22a reflects the emitted light toward the photo-
electric conversion element 11. If the photoelectric conver-
sion element 11 is a light receiving element, the light reflected
by the reflecting surface 22a enters the photoelectric conver-
sion element 11 from the light-receiving and emitting part
114 disposed in the main body 110 of the photoelectric con-
version element 11, and the photoelectric conversion element
11 converts light signals based on the incident light to electric
signals.

[0052] In addition, if the photoelectric conversion element
11 is a light emitting element, the photoelectric conversion
element 11 converts electric signals output from the semicon-
ductor circuit element 12 to light signals, and emits the light
exhibiting the light signals from the light-receiving and emit-
ting part 114. The emitted light is reflected by the reflecting
surface 22a toward the end surface 5a of the optical fiber 5
and enters the core 51 so as to propagate through the optical
fiber 5. FIG. 3 A shows the optical path L that uses the optical
fiber 5 as a propagating medium of the light by an alternate
long and short dash line.

[0053] The insulation layer 3 is comprised of, for example,
a resin such as polyimide, and the thickness thereof is, for
example, 38 um. The insulation layer 3 has a supporting
surface 20a configured to support the optical fiber 5 accom-
modated in the accommodating part 20. More particularly,
the accommodating part 20 passes through the conductor
layer 2 over the whole of the conductor layer 2 in the thickness
direction, and the main surface 3a of the insulation layer 3 is
exposed. Accordingly, the main surface 3a of the insulation
layer 3 is configured such that a part thereof is formed as the
supporting surface 20a of the accommodating part 20.
[0054] The optical fiber 5 includes the core 51 and the clad
52. In the embodiment, the optical fiber 5 is configured such
that the core 51 has a diameter of, for example, 50 um, and the
clad 52 has athickness in aradial direction of, for example, 15
um. Namely, the optical fiber 5 has a diameter (a diameter
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obtained by summing the core 51 and the clad 52) of 80 pm,
the dimension is nearly equal to the dimension H of the
conductor layer 2 in the thickness direction.

[0055] The accommodating part 20 is covered by the hold-
ing member 4 from a position above the conductor layer 2 and
the optical fiber 5 is fixed by an adhesive agent or the like that
is filled in the accommodating part 20. In the embodiment, the
clad 52 of the optical fiber 5 is configured such that the
peripheral surface thereof is in contact with the inner surface
of the accommodating part 20.

[0056] FIG. 4 is a partial enlarged view of the photoelectric
conversion element 11 and the peripheral part thereof in FIG.
1. Further, FIG. 4 shows the outline of the photoelectric
conversion element 11 by an alternate long and two short
dashes line.

[0057] The first wiring pattern 21 formed in the conductor
layer 2 has a first connecting part 211 to which the first
electrode 111 of the photoelectric conversion element 11 is
connected, and a third connecting part 213 to which the third
electrode 113 of the photoelectric conversion element 11 is
connected. The first connecting part 211 is configured such
that a part of the outer edge thereof is formed in an arc-like
shape so as to correspond to the first electrode 111 that has a
circular shape. Similarly, the third connecting part 213 is
configured such that a part of the outer edge thereof'is formed
in an arc-like shape so as to correspond to the third electrode
113 that has a circular shape. A distance between the first
connecting part 211 and the third connecting part 213 is
configured to comply with a distance between the first elec-
trode 111 and the third electrode 113.

[0058] The second wiring pattern 22 formed in the conduc-
tor layer 2 has a second connecting part 222 to which the
second electrode 112 of the photoelectric conversion element
11 is connected. The second connecting part 222 is config-
ured, similarly to the above-mentioned the first connecting
part 211 and the third connecting part 213, such that a part of
the outer edge thereof is formed in an arc-like shape so as to
correspond to the second electrode 112 that has a circular
shape.

[0059] A distance between the first wiring pattern 21 and
the second wiring pattern 22 is configured to be narrowest in
aregion between the first connecting part 211 and the second
connecting part 222, and the distance (the shortest distance)
D, between the first connecting part 211 and the second
connecting part 222 is shorter than a dimension H in the
thickness direction of the conductor layer 2 (D,<H) (refer to
FIG. 3A). In the embodiment, the distance D, between the
first wiring pattern 21 and the second wiring pattern 22 is not
less than the dimension H in the thickness direction of the
conductor layer 2 (D,=H) except for a distance between first
connecting part 211 and the second connecting part 222.

[0060] (Manufacturing Method of the Optical Wiring Sub-
strate 10)
[0061] Next, a manufacturing method of the optical wiring

substrate 10 will be explained referring to FIGS. 5A to 5C and
FIGS. 6A to 6C.

[0062] FIGS.5A to 5C are cross-sectional views schemati-
cally showing a forming process of the optical wiring sub-
strate 10. FIGS. 6 A to 6C are plan views schematically show-
ing a forming process of the optical wiring substrate 10.
[0063] The manufacturing process of the optical wiring
substrate 10 includes a first step of forming the conductor
layer 2 on the main surface 3a of the insulation layer 3, a
second step of removing a part of the conductor layer 2 so as
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to form the first wiring pattern 21, the second wiring pattern
22, the semiconductor circuit element wiring pattern 23 and
the accommodating part 20, a third step of forming the
inclined surface 200a and the accommodating part 20, and a
fourth step of laminating the Ni plating layer 25 and the gold
plating layer 26 on the front surface 2a of the conductor layer
2 and the inclined surface 200a. Hereinafter, the first to fourth
steps will be explained in more detail.

[0064] As shown in FIG. 5A and FIG. 6A, in the first step,
the conductor layer 2 is formed on the whole of the main
surface 3a of the insulation layer 3, for example, by adhesion,
vapor deposition, or electroless plating. In the embodiment,
the conductor layer 2 is comprised of copper (Cu) as a main
component that has a good electrical conductivity.

[0065] As shown in FIG. 5B and FIG. 6B, in the second
step, a part of the conductor layer 2 is removed by etching so
as to respectively form the first wiring pattern 21, the second
wiring pattern 22, the semiconductor circuit element wiring
pattern 23 and the accommodating part 20. In more particular,
the second step includes a step of coating a region of the
conductor layer 2 except for a part corresponding to the
removed part 210 with a resist, and a step of removing the part
of'the conductor layer 2 which is not coated with the resist by
etching.

[0066] In the step of coating the conductor layer 2 with the
resist, the conductor layer 2 is coated with the resist config-
ured such that the region between the first connecting part 211
and the second connecting part 222 is narrowest, and the
distance D, between the first connecting part 211 and the
second connecting part 222 is shorter than a dimension H in
the thickness direction of the conductor layer 2 (D,<H).
[0067] In the step of removing the conductor layer 2 by
etching, a part of the conductor layer 2 which is not coated
with the resist is dissolved by etching. Thereby the conductor
layer 2 corresponding to the removed part 210 is dissolved so
as to leave only the conductor layer 2 corresponding to the
first wiring pattern 21, the second wiring pattern 22, the
semiconductor circuit element wiring pattern 23 (not shown)
and the accommodating part 20. At this time, a part of the
main surface 3a of the insulation layer 3 is formed as the
supporting surface 20a of the accommodating part 20.
[0068] As shown in FIG. 5C and FIG. 6C, in the third step,
the conductor layer 2 is cut obliquely from the front surface
2a to rear surface 25 of the conductor layer 2, thereby the
inclined surface 2004 is formed.

[0069] In the fourth step, platings of nickel (Ni) and gold
(Au) are applied to the front surface 2a of the conductor layer
2 and the surface of the inclined surface 200a so as to form the
Ni plating layer 25 and the gold plating layer 26. The nickel
(Ni) plating, the gold (Au) plating and the like can be carried
outby, for example, electroless plating. The reflecting surface
22a is formed on the outermost surface of the gold plating
layer 26.

Operation and Advantage of the Embodiment

[0070] According to the above-mentioned embodiment,
the following operation and advantage can be obtained.

[0071] A distance between the first wiring pattern 21 and
the second wiring pattern 22 is configured to be narrowest in
a region between the first connecting part 211 and the second
connecting part 222, and the distance D, between the first
connecting part 211 and the second connecting part 222 is
shorter than a dimension H in the thickness direction of the
conductor layer 2 (D,<H), thereby even if the distance
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between the first electrode 111 and the second electrode 112
of the photoelectric conversion element 11 is equal to the
dimension H in the thickness direction of the conductor layer
2, the photoelectric conversion element 11 can be mounted on
the first wiring pattern 21 and the second wiring pattern 22.
[0072] Namely, it is difficult to form the distance between
the first wiring pattern 21 and the second wiring pattern 22 so
as to be narrower than the dimension H in the thickness
direction of the conductor layer 2 over a long section in which
the first wiring pattern 21 and the second wiring pattern 22 are
juxtaposed with each other in terms of the mobility of etching
liquid, but if the distance between the first wiring pattern 21
and the second wiring pattern 22 is configured to locally be
shorter than the dimension H in the thickness direction of the
conductor layer 2 in aregion between the first connecting part
211 and the second connecting part 222, the region between
the first wiring pattern 21 and the second wiring pattern 22
can be etched without problem. This can be considered to be
due to the fact that if the section in which the distance between
the first wiring pattern 21 and the second wiring pattern 22 is
narrower than the dimension H in the thickness direction of
the conductor layer 2 is shorter, the etching liquid is mobi-
lized via the peripheral part of the section so that etching can
be carried out. Thereby even in the optical wiring substrate 10
on which the conductor layer 2 being thick is formed, the
photoelectric conversion element 11 being downsized can be
mounted thereon.

Second Embodiment

[0073] Next, the second embodiment according to the
invention will be explained referring to FIGS. 7 t0 9. In FIGS.
7 to 9, with regard to components having the same structure
and function as those explained for the optical wiring sub-
strate 10 used in the first embodiment, the same reference
numerals will be used therefor, and the overlapped explana-
tion will be omitted.

[0074] FIG. 7is across-sectional view schematically show-
ing a configuration example of an optical wiring substrate 6
and an optical module 1 including the optical wiring substrate
according to the second embodiment of the invention, viewed
from the longitudinal direction of the optical fiber 5. FIG. 8A
is a cross-sectional view schematically showing the optical
module 1 according to the second embodiment of the inven-
tion, and FIG. 8B is a partial enlarged view of D part in FIG.
8A.

[0075] The optical wiring substrate 6 according to the
embodiment includes an insulation layer 63 comprised of a
resin, a first conductor layer 61 laminated on a first main
surface 63a of the insulation layer 63 and comprised of a
metal, the conductor layer having an inclined surface 610a
that is inclined relative to an optical axis of the optical fiber 5,
and a second conductor layer 62 configured to be arranged
parallel to the first conductor layer 61 across the insulation
layer 63. The insulation layer 63 is configured to insulate
between the first conductor layer 61 and the second conductor
layer 62.

[0076] The first conductor layer 61 is, for example, com-
prised of a good conductive metal such as copper, and has a
thickness of, for example, 40 to 80 um. As shown in FIG. 8B,
in the embodiment, on the surface 61a of the first conductor
layer 61, a Ni plating layer 612 comprised of nickel (Ni) and
a gold plating layer 613 comprised of gold (Au) are lami-
nated. Similarly, with regard to the inclined surface 610a
formed in the first conductor layer 61, the Ni plating layer 612
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the gold plating layer 613 are laminated on the surface
thereof. The reflecting surface 6014 is formed on the outer-
most surface of the gold plating layer 613.

[0077] In the first conductor layer 61, similarly to the first
embodiment, the first wiring pattern 21, the second wiring
pattern 22 and the semiconductor circuit element wiring pat-
tern 23 are formed, and in a part of the second wiring pattern
22, the formed. The inclined surface 610q (reflecting surface
601a) is formed in a position facing the core 51 of the optical
fiber 5.

[0078] The insulation layer 63 is comprised of, for
example, a resin such as polyimide. As shown in FIG. 8B, the
insulation layer 63 is configured such that a dimension t,
thereof'in the thickness direction is not less than 0.8 times and
not more than 1.2 times relative to a thickness dimension t, of
the clad 52 in a diameter direction (0.8xt,=<t,<1.2xt,). In the
embodiment, the dimension of the insulation layer 63 in the
thickness direction is, for example, 38 um.

[0079] Inthe optical wiring substrate 6, an accommodating
part 600 configured to extend along the longitudinal direction
of'the optical fiber 5 so as to accommodate at least a part of the
optical fiber 5 is formed over the whole of the first conductor
layer 61 and the insulation layer 63 in the thickness direction.
In the insulation layer 63 in one end (end edge) of the accom-
modating part 600, an end surface 63¢ facing the clad 52 of
the optical fiber 5 is formed.

[0080] The second conductor layer 62 is, for example, com-
prised of a good conductive metal such as copper, and has a
supporting surface 600a configured to support the optical
fiber 5 accommodated in the accommodating part 600. More
particularly, the accommodating part 600 passes through over
the whole of the first conductor layer 61 and the insulation
layer 63 in the thickness direction, and a rear surface 624 of
the second conductor layer 62 is exposed. Accordingly, the
rear surface 625 of the second conductor layer 62 is config-
ured such that a part thereof is formed as the supporting
surface 600a of the accommodating part 600. Further, simi-
larly to the first conductor layer 61, wiring patterns can be also
formed on the second conductor layer 62.

[0081] FIGS.9A to 9D are cross-sectional views schemati-
cally showing a forming process of the optical wiring sub-
strate 6 according to the second embodiment of the invention.

[0082] The manufacturing process of the optical wiring
substrate 6 according to the embodiment includes the first
step of forming the first conductor layer 61 on a first main
surface 634 of the insulation layer 63, and forming the second
conductor layer 62 on a second main surface 635 of the
insulation layer 63, the second step of removing a part of the
first conductor layer 61 so as to form wiring patterns (the first
wiring pattern 21, the second wiring pattern 22 and the semi-
conductor circuit element wiring pattern 23), and forming a
concave part 611 that becomes the accommodating part 600,
the third step of forming the inclined surface 610a in the first
conductor layer 61, the fourth step of removing the insulation
layer 63 corresponding to the bottom surface of the concave
part 611 over the whole thereof in the thickness direction up
to the second conductor layer 62, thereby forming the accom-
modating part 600, and forming the end surface 63¢ facing the
clad 52 of the optical fiber 5, and the fifth step of laminating
the Ni plating layer 612 and the gold plating layer 613 on the
first conductor layer 61, the second conductor layer 62 and the
inclined surface 610qa. Hereinafter, the first to fifth steps will
be explained in more detail.
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[0083] As shown in FIG. 9A, in the first step, the first
conductor layer 61 is formed on the whole surface of the first
main surface 63a of the insulation layer 63 and the second
conductor layer 62 is formed on the whole surface of the
second main surface 635 of the insulation layer 63, for
example, by adhesion, vapor deposition, or electroless plating
respectively. In the embodiment, the first conductor layer 61
and the second conductor layer 62 are comprised of copper
(Cu) as a main component that has a good electrical conduc-
tivity.

[0084] AsshowninFIG. 9B, inthesecondstep, a partofthe
first conductor layer 61 is removed by etching so as to respec-
tively form the first wiring pattern 21, the second wiring
pattern 22 and the semiconductor circuit element wiring pat-
tern 23, and to form the concave part 611 that becomes the
accommodating part 600. In more particular, regions of the
first conductor layer 61 except for a part corresponding to the
removed part 610 and a part corresponding to the concave part
611 are coated with a resist, and parts of the first conductor
layer 61 which are not coated with the resist are dissolved by
etching.

[0085] Similarly to the first embodiment, in the step of
coating with the resist, the first conductor layer 61 is coated
with the resist configured such that the region between the
first connecting part 211 and the second connecting part 222
is narrowest, and the distance between the first connecting
part 211 and the second connecting part 222 is shorter than a
dimension in the thickness direction of the first conductor
layer 61.

[0086] In the step removing the first conductor layer 61 by
etching, a part of the first conductor layer 61 which is not
coated with the resist is dissolved by etching. Thereby the first
conductor layer 61 corresponding to the removed part 610
and the concave part 611 is dissolved so as to leave only the
first conductor layer 61 corresponding to the first wiring
pattern 21, the second wiring pattern 22, the semiconductor
circuit element wiring pattern 23 and the concave part 611.

[0087] Further, in the step, similarly to the first conductor
layer 61, a part of the second conductor layer 62 may be
removed by etching so as to form wiring patterns in the
second conductor layer 62.

[0088] As shown in FIG. 9C, in the third step, the first
conductor layer 61 is cut obliquely from the front surface 61a
to rear surface 615 of the first conductor layer 61, thereby the
inclined surface 610qa is formed.

[0089] As shownin FIG. 9D, in the fourth step, a laser light
is irradiated from a perpendicular direction to the first main
surface 63a of the insulation layer 63 corresponding to the
bottom surface of the concave part 611. As the laser light,
more particularly, for example, an excimer laser or an UV
laser (ultraviolet laser) can be used. By the irradiation of the
laser light, the accommodating part 600 that accommodates
the optical fiber 5 is formed, and the end surface 63¢ inthe end
edge of the accommodating part 600 is formed in the insula-
tion layer 63. The intensity of the laser light is an intensity that
the insulation layer 63 can be cut but the second conductor
layer 62 cannot be cut by the irradiation of the light. Accord-
ingly, a part of the rear surface 625 of the second conductor
layer 62 that remains without being removed by the irradia-
tion of the laser light is formed as the supporting surface 600a
of the accommodating part 600. In the embodiment, the end
surface 63¢ is formed to be perpendicular to the supporting
surface 600a of the accommodating part 600 (the rear surface
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625 of the second conductor layer 62), and functions as a
positioning part when the optical fiber 5 is inserted into the
accommodating part 600.

[0090] In the fifth step, similarly to the first embodiment,
plating of nickel (Ni), gold (Au) and the like is applied to the
front surface 61a of the first conductor layer 61, the inclined
surface 6104 and the front surface 624 of the second conduc-
tor layer 62 so as to form the Ni plating layer 612 and the gold
plating layer 613. The nickel (Ni) plating, the gold (Au)
plating and the like can be carried out by, for example, elec-
troless plating. The reflecting surface 601a is formed on the
outermost surface of the gold plating layer 613.

Operation and Advantage of the Second
Embodiment

[0091] In the above-mentioned second embodiment, the
same operation and advantage as those of the first embodi-
ment can be also obtained.

Summary of the Embodiments

[0092] Next, the technical idea grasped from the above-
explained embodiments will be described by utilizing the
reference numerals and the like in the embodiments. How-
ever, the respective reference numerals and the like in the
following description do not limit the constitutional compo-
nents in the scope of the claim to the members concretely
shown in the embodiments.

[0093] [1] An optical wiring substrate (10), comprising an
insulation layer (3) comprised of a resin, an conductor layer
(2) laminated on the insulation layer (3) and comprised of a
metal, the conductor layer (2) having an inclined surface
(200q) that is inclined relative to an optical axis of an optical
fiber (5), wherein a first wiring pattern (21) and a second
wiring pattern (22) are formed in the conductor layer (2), the
first wiring pattern (21) comprising a first connecting part
(211) to which a first electrode (111) of an photoelectric
conversion element (11), and the second wiring pattern (22)
comprising a second connecting part (222) to which a second
electrode (112) of the photoelectric conversion element (11),
a distance between the first wiring pattern (21) and the second
wiring pattern (22) is configured to be narrowest in a region
between the first connecting part (211) and the second con-
necting part (222) is, and the distance (D,) between the first
connecting part (211) and the second connecting part (222) is
shorter than a dimension (H) of the conductor layer (2) in the
thickness direction.

[0094] [2] The optical wiring substrate (10) according to
[1], wherein the dimension of (H) the conductor layer (2) in
the thickness direction is not less than 40 pum.

[0095] [3] An optical module (1), comprising the optical
wiring substrate (10) according to [1] or [2], and the photo-
electric conversion element (11) mounted on the optical wir-
ing substrate (10) by flip-chip mounting.

[0096] [4] A manufacturing method of the optical wiring
substrate (10) according to [ 1] or [2], comprising forming the
conductor layer (2) on a surface (3a) of the insulation layer (3)
and removing a part of the conductor layer (2) so as to form
the first wiring pattern (21) and the second wiring pattern
(22), wherein the forming of the first wiring pattern (21) and
the second wiring pattern (22) comprises coating a resist on
the conductor layer (2) such that a region between the first
connecting part (211) and the second connecting part (222) is
narrowest, and the distance (D,) between the first connecting
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part (211) and the second connecting part (222) is shorter than
a dimension (H) of the conductor layer (2) in the thickness
direction, and removing by etching a part of the conductor
layer (2) that is not coated with the resist.

[0097] Although the invention has been described with
respect to the specific embodiments for complete and clear
disclosure, the appended claims are not to be thus limited but
are to be construed as embodying all modifications and alter-
native constructions that may occur to one skilled in the art
which fairly fall within the basic teaching herein set forth.
[0098] Forexample, in the above-mentioned embodiments,
a configuration that only one optical module 1 is mounted on
the optical wiring substrate 10 has been explained, but not
limited to this, a plurality of optical module structures may be
formed in the optical wiring substrate 10.

[0099] In addition, in the above-mentioned embodiments,
the optical fiber 5 is configured such that the peripheral sur-
face of the clad 52 is in contact with the inner surface 40a of
the concave part 40 of the holding member 4, but the optical
fiber 5 is fixed by adhesives and the like filled in the concave
part 40, thus the peripheral surface of the clad 52 does not
have to be in contact with the inner surface 40a of the concave
part 40 ofthe holding member 4 and the main surface 3a of the
insulation layer 3.

[0100] In addition, in the above-mentioned embodiment,
the optical wiring substrate 10 is mainly comprised of the
insulation layer 3 and the conductor layer 2, but not limited to
this, a conductor layer in which wiring patterns are formed
may be also formed in the rear surface side of the insulation
layer 3. This configuration can improve the arrangement of
wiring.

[0101] Inaddition, in the above-mentioned embodiments, a
configuration that the conductor layer 2 is comprised of cop-
per (Cu) has been explained, but not limited to this, a part or
the whole of the conductor layer 2 may be comprised of, for
example, aluminum (Al). Also, materials of the plating layers
(the Ni plating layer 25 and the gold plating layer 26) are not
limited to the above-mentioned materials. Materials of the
insulation layer 3 are not limited to polyimide, but, for
example, polyethylene terephthalate (PET) may be also used.

What is claimed is:
1. An optical wiring substrate, comprising:
an insulation layer comprising a resin; and

a conductor layer formed on the insulation layer and com-
prising a metal and an inclined surface inclined relative
to an optical axis of an optical fiber,

wherein a first wiring pattern and a second wiring pattern
are formed in the conductor layer, the first wiring pattern
comprising a first connecting part to which a first elec-
trode of a photoelectric conversion element is con-
nected, and the second wiring pattern comprising a sec-
ond connecting part to which a second electrode of the
photoelectric conversion element is connected,

wherein a distance between the first wiring pattern and the
second wiring pattern is narrowest between the first
connecting part and the second connecting part, and

wherein a distance between the first connecting part and
the second connecting part is less than a dimension of the
conductor layer in a thickness direction thereof.

2. The optical wiring substrate according to claim 1,

wherein the dimension of the conductor layer in the thickness
direction is not less than 40 um.
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3. An optical module, comprising:

the optical wiring substrate according to claim 1; and

the photoelectric conversion element mounted on the opti-
cal wiring substrate by flip-chip mounting.

4. A manufacturing method of the optical wiring substrate

according to claim 1, comprising:

forming the conductor layer on a surface of the insulation
layer; and

removing a part of the conductor layer so as to form the first
wiring pattern and the second wiring pattern,

wherein the forming of the first wiring pattern and the
second wiring pattern comprises:

coating a resist on the conductor layer such that the dis-
tance between the first wiring pattern and the second
wiring pattern is narrowest between the first connecting
part and the second connecting part, and the distance
between the first connecting part and the second con-
necting part is less than the dimension of the conductor
layer in the thickness direction; and

removing by etching a part of the conductor layer that is not
coated with the resist.

#* #* #* #* #*
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