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(57) ABSTRACT

An optical module includes a circuit board having a through
hole for the lead terminal, a signal wiring connected to the
lead terminal, a ground layer providing a reference potential,
an opening through which the ground layer is exposed, and
a bonding material connecting the ground layer to the
metallic base. The lead terminal extends in a first direction,
and the circuit board and the signal wiring extend in a
second direction. When the circuit board is viewed from the
first direction, the opening overlaps with the signal wiring,
or when the opening does not overlap with the signal wiring,
a first distance between the signal wiring and a closest point
of the opening to the signal wiring is smaller than a second
distance between the closest point and an edge of the circuit
board.
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1
OPTICAL MODULE AND MANUFACTURING
METHOD OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2021-124425, filed on Jul. 29, 2021, and
No. 2022-063805, filed on Apr. 7, 2022, the entire subject
matter of which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to an optical module and a
method of manufacturing an optical module.

BACKGROUND

Japanese Unexamined Patent Application Publication No.
2016-18862 describes an optical module and a method of
manufacturing the optical module. The optical module
includes an optical semiconductor element, a stem including
a lead terminal, a ground layer, and a circuit board. The lead
terminal transmits an electrical signal to the optical semi-
conductor element and/or transmits an electrical signal out-
put from the optical semiconductor element. The circuit
board has a first opening through which the lead terminal
passes and a bonding material for connecting the stem and
the ground layer to each other. The bonding material is
formed on an edge of the circuit board or on a top surface
where the circuit board is disposed on the stem.

Japanese Unexamined Patent Application Publication No.
2018-82117 describes an optical module. The optical mod-
ule includes a light subassembly having a coaxial housing
and a plurality of lead pins, a circuit board, and a flexible
printed circuit (FPC) connecting the light subassembly and
the circuit board to each other. The circuit board has a circuit
mounted on a main surface thereof for transmitting and
receiving electrical signals to and from the light subassem-
bly. The FPC includes a ground pattern provided on a back
surface and a signal wiring provided on a top surface.

In the case where the optical module is used for a
high-frequency application, when an electric signal is trans-
mitted from a signal wiring to a lead terminal, a return
current generated according to the transmission of the elec-
tric signal may be generated along a periphery of a metallic
base from a ground layer.

SUMMARY

An optical module according to an embodiment includes
an optical semiconductor element, a metallic base having an
inner surface, an outer surface, a lead terminal extending
along a first direction from the inner surface to the outer
surface, and a circuit board. The optical semiconductor
element is mounted on the inner surface. The lead terminal
is electrically connected to the optical semiconductor ele-
ment. The circuit board extends along a second direction
crossing the first direction. The circuit board includes a
through hole, a signal wiring, a ground layer, an opening,
and a bonding material. The through hole is configured to be
fit with the lead terminal. The signal wiring extending along
the second direction and is electrically connected to the lead
terminal. The ground layer is configured to provide a refer-
ence potential and have a portion exposed through the
opening. The bonding material electrically connects the
portion of the ground layer to the outer surface of the
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metallic base. In a plan view of the circuit board from the
first direction, the opening overlaps the signal wiring, or,
when the opening does not overlap with the signal wiring,
the opening has a first distance between the signal wiring
and a closest point of the opening. The closest point is
closest from the signal wiring among points in the opening.
And the first distance is smaller than a second distance
between the closest point and an edge of the circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view schematically illustrating
a configuration of an optical module according to an
embodiment.

FIG. 2 is a plan view illustrating a top surface of an FPC
of an optical module according to an embodiment.

FIG. 3 is a plan view illustrating a back surface of the FPC
of FIG. 2.

FIG. 4 illustrates an overlap of the top surface of the FPC
and a stem body of FIG. 2.

FIG. 5 is a cross-sectional view schematically illustrating
an FPC, a lead pin, a stem, and an opening of an optical
module according to an embodiment.

FIG. 6 is a cross-sectional view schematically illustrating
a return current in the optical module of FIG. 5.

FIG. 7 is a plan view illustrating a top surface of an FPC
according to a modification.

FIG. 8 is a plan view of a back surface of the FPC of FIG.
7.

FIG. 9 is a plan view illustrating a top surface of an FPC
of an optical module according to a modification.

FIG. 10 is a plan view illustrating a back surface of an
FPC of an optical module according to another embodiment.

FIG. 11 is a cross-sectional view taken along line A-A of
FIG. 10.

FIG. 12 is a cross-sectional view taken along line B-B of
FIG. 10.

FIG. 13 is a plan view illustrating a back surface of an
FPC in an optical module according to another modification.

FIG. 14 is a cross-sectional view taken along line C-C of
FIG. 13.

DETAILED DESCRIPTION

Specific examples of an optical module according to
embodiments of the present disclosure will be described
with reference to the drawings. In the description of the
drawings, the same or corresponding elements are denoted
by the same reference numerals, and redundant description
will be appropriately omitted. The drawings may be partially
simplified or exaggerated for easy understanding, and
dimensional ratios and the like are not limited to those
illustrated in the drawings.

FIG. 1 is a cross-sectional view illustrating a configura-
tion of an optical module 1 according to an embodiment. As
shown in FIG. 1, the optical module 1 includes an optical
semiconductor element 2, a metallic base 3 including a lead
pin 35 (lead terminal), and a flexible printed circuit (FPC) 4
which is a circuit board having a through hole 454 through
which a lead pin 35 passes. The optical module 1 is, for
example, a light transmission module in which the optical
semiconductor element 2 outputs a light signal. The light
transmission module includes, for example, a laser diode.
The metallic base 3 has a disc-shaped body 34, and the body
3a is formed of a metallic material. The lead pin 35 is
provided in the body 3a so as to penetrate through the body
3a. The lead pin 3b has, for example, a cylindrical shape
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extending in a direction of penetrating the body 3a. The lead
pin 35 extends, for example, in a direction that penetrates the
body 3a. For example, the lead pin 35 transmits an electric
signal input to the optical semiconductor element 2 between
one surface 3e (inner surface) of the body 3a and the other
surface 3f (outer surface) of the body 3a. For example, the
optical semiconductor element 2 is mounted on one surface
of the body 3a. For example, the FPC 4 is connected to the
other surface of the body 3a. The lead pin 35 penetrates the
body 3a along a first direction D1 from one surface of the
body 3a toward the other surface of the body 3a. The first
direction D1 is a direction orthogonal to one surface of the
body 3a and the other surface of the body 3a. In the first
direction D1, the body 3a has a thickness. The thickness is
distance between one surface of the body 3a and the other
surface of the body 3a. The first direction D1 is also referred
to as a thickness direction. The lead pin 35 is formed of, for
example, a conductive material. The lead pin 35 is made of,
for example, metals. The lead pin 35 is inserted into a
penetration hole 34 provided in the metallic base 3. In the
penetration hole 3d, for example, the lead pin 356 is fixed to
the body 3a and insulated from the body 3a by an insulating
member such as a glass material provided between the lead
pin 36 and the body 3a. The insulating member has, for
example, a cylindrical shape, the cylindrical peripheral
surface is in contact with the inner surface of the penetration
hole 3d, and the lead pin 35 is inserted into the cylindrical
hole at the center.

For example, the optical module 1 may include a pedestal
5 fixed to one surface (inner surface) of the body 3a and a
circuit board 6 mounted on the pedestal 5, and the optical
semiconductor element 2 is mounted on the circuit board 6.
The circuit board 6 has, for example, high thermal conduc-
tivity. For example, the thermal conductivity of the circuit
board 6 is greater than the thermal conductivity of the
insulating member described above. The circuit board 6 is
formed of, for example, an insulating material having a
linear expansion coefficient close to that of the optical
semiconductor element 2. The circuit board 6 is made of, for
example, ceramic. For example, the optical semiconductor
element 2 is electrically connected to the lead pin 35 via the
bonding wire W and the circuit board 6. More specifically,
a conductive wiring pattern is provided on the circuit board
6, and the bonding wire W electrically connects one end of
the lead pin 35 to the wiring pattern of the circuit board 6.
The optical semiconductor element 2 is electrically con-
nected to the wiring pattern of the circuit board 6 via, for
example, a bonding wire different from the bonding wire W.
The optical semiconductor element 2 includes, for example,
a signal electrode for receiving an electric signal and a
ground electrode connected to a ground potential serving as
a reference potential of the electric signal. The signal
electrode is electrically connected to the lead pin 35 via the
wiring pattern formed on the circuit board 6. Further, the
ground electrode is electrically connected to the body 3a via
another wiring pattern formed on the circuit board 6. As an
example, a lens R is provided on a side opposite to the body
3a when viewed from the optical semiconductor element 2,
and the light signal output from the optical semiconductor
element 2 passes through the lens R and is output to the
outside of the optical module 1. A light-axis direction of the
light signal is substantially the same as the direction in
which the lead pin 36 extends. For example, an angle
difference between the light-axis direction of the light signal
and the direction in which the lead pin 36 extends is 5° or
less. For example, the optical module 1 further includes a
cap 7. For example, the lens R is fixed in an opening of the
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cap 7. By fixing the cap 7 to the body 34, the position of the
lens R with respect to the optical semiconductor element 2
is fixed. For example, the lens R is fixed in close contact with
the opening of the cap 7, and the cap 7 is bonded to the body
3a, so that the optical semiconductor element 2 is hermeti-
cally sealed inside the cap 7. The metallic base 3 has, for
example, the lead pin 36 and a ground pin 3¢, and the lead
pin 3b penetrates the FPC 4 (circuit board) in the first
direction D1 which is the thickness direction of the FPC 4.
The ground pin 3¢ is electrically connected to the body 3a.
The ground pin 3¢ has a cylindrical shape protruding from
the other surface of the body 3a. The body 3a is grounded
by connecting the ground pin 3¢ to a grounded wiring. When
the body 3a is grounded, the ground electrode of the optical
semiconductor element 2 has a ground potential.

FIG. 2 is a plan view illustrating a top surface 4A of the
FPC 4. FIG. 3 is a plan view illustrating a back surface 4B
of the FPC 4. The FPC 4 is fixed to the metallic base 3 with
the top surface 4A in contact with the metallic base 3. More
specifically, when the FPC 4 is connected to the metallic
base 3, the top surface 4A is in contact with the outer surface
of the body 3a opposite the inner surface. As shown in FIG.
1, FIG. 2 and FIG. 4, the FPC 4 has a flat plate shape
extending in a second direction D2 intersecting the first
direction D1. A first end 4d along the second direction D2 of
the FPC 4 is fixed to the metallic base 3. The first end 44
includes a region where the top surface 4A is in contact with
the outer surface of the body 3a. When viewed from the first
direction D1 (in a plan view from the first direction D1), for
example, the first end 44 has a semicircular portion. When
the first end 44 is in contact with and fixed to the outer
surface of the body 34, an edge of the semicircular portion
may overlap an edge of the body 3a in a plan view from the
first direction D1. For example, a curvature of the edge of
the semicircular portion is set to be equal to the curvature of
the body 3a. Incidentally, the shape of the body 3a of the
metallic base 3 may be a shape having a notch in a part of
a circle. The semicircular portion of the first end 4d may be
provided with a notch so as to coincide with the position of
the notch of the body 3a. In FIG. 2, a signal wiring 4/
provided on the back surface 4B and an opening around a
through hole 4¢ are shown in a though-view by broken lines.
The opening of the through hole 4c¢ is provided on the back
surface 4B.

As shown in FIG. 3, the FPC 4 has the signal wiring 4/
at the back surface 4B. The signal wiring 4/ extends along
the second direction D2. The signal wiring 4/ is formed to
be electrically connectable to the lead pin 35, and transmits
an electric signal along the second direction D2. The signal
wiring 4/ is made of metals, for example. The signal wiring
4/ transmits high-speed electrical signals, such as 100 Gbps.
The signal wiring 4/ is formed as a transmission line such
as a microstrip line with respect to a ground layer 47, for
example. The ground layer 47 will be described later.

The FPC 4 includes a plurality of terminals 4g located on
a second end 4f opposite to the first end 44 in the second
direction D2. The signal wiring 4/ is connected to one of the
plurality of terminals 4g. The plurality of terminals 4g are
arranged along a third direction D3 which is a widthwise
direction of the FPC 4. The third direction D3 is a direction
intersecting both the first direction D1 and the second
direction D2. For example, the first direction D1, the second
direction D2, and the third direction D3 are orthogonal to
each other. The signal wiring 4/ is formed at a position away
from an edge 4/ of the FPC 4 in the third direction D3. The
edge 4 is a portion of an outline of the FPC 4. For example,
the FPC 4 has two edges in the third direction D3. Each of
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the two edges extends along the direction D2. A width of the
FPC 4 may be defined as a distance between the two edges
in the third direction D3.

In the third direction D3, a distance (third distance) from
the signal wiring 4/ to a center line L extending along the
second direction D2 of the FPC 4 to is shorter than a distance
(fourth distance) from the signal wiring 4/ to the edge 4; of
the FPC 4. The signal wiring 4% may extend along the center
line L of the FPC 4. For example, the signal wiring 42 may
be provided so as to include the center line L in a plan view
from the first direction D1. When the top surface 4A is
viewed from the first direction D1, the signal wiring 4/ may
extend to overlap the center line L of the FPC 4. One end of
the signal wiring 4/ is provided with a through hole 44
through which the lead pin 35 can penetrate. The through
hole 45 is formed such that the lead pin 35 is fitted therein.
The through hole 46 may be provided directly above the
center line L. In addition, the FPC 4 is provided with a
through hole 4c¢ through which the ground pin 3¢ can
penetrate in the first end 4d. The through hole 4c¢ is formed
such that the ground pin 3c is fitted therein. For example,
when the top surface 4A is viewed from the first direction
D1, the through hole 4c¢ is provided at a position deviated
from the center line L closer to the edge 4; in the third
direction D3. The FPC 4 has an opening 4% extending in the
third direction D3. In the opening 44, a second protective
film 4v is removed, and the ground layer 4¢ of the FPC 4 is
exposed to the outside of the second protective film 4v (see
FIG. 5). In the embodiment of the present disclosure, the
opening 4% intersects the signal wiring 4/ provided on the
back surface 4B when the FPC 4 is viewed from the first
direction D1.

FIG. 4 is a diagram for explaining an overlap between the
top surface 4A of the FPC 4 and the body 3a of the metallic
base 3. FIG. 4 shows a state in which the body 3a overlaps
the top surface 4A when the state in which the FPC 4 is
connected to the metallic base 3 is viewed from the first
direction D1 (in a plan view from the first direction). The
center of the circular edge of the body 3a overlaps, for
example, the center of the edge of the semicircular portion
of the first end 44 at a point O. In this state, the point O is
the center of the body 3« having a circular shape as well as
the center of the semicircular portion of the first end 4d. The
center line L is, for example, a straight line passing through
the point O and extending along the second direction D2.
For example, the opening 4% extends along the periphery of
the body 3a of the metallic base 3 having an arc shape. When
viewed along the first direction D1, the opening 4% is curved
in an arc along the circular edge of the body 3a. The opening
4k has one end 4p and the other end 4¢ that intersect with the
edge of the body 3a when the state in which the top surface
4A is in contact with the body 3a is viewed along the first
direction D1. As an example, when viewed along the first
direction D1, assuming that an angle formed by a line
segment S1 connecting the point O and the one end 4p of the
opening 4% and a line segment S2 connecting the point O and
the other end 4¢ of the opening 4k is 6, a value of 6 is 10°
to 180°. In other words, the opening 4% is bonded to the
periphery of the metallic base 3 over one thirty-sixth (¥36) or
more and a half (}2) or less of a peripheral length of the
periphery.

An opening is provided around the through hole 45 so that
a bottom surface of the signal wiring 4/ is exposed to the
outside of the first protective film 47 (see FIG. 5). Further,
an opening is provided around the through hole 4¢ so that the
ground layer 47 is exposed to the outside of the first
protective film 4». When the FPC 4 is attached to the
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metallic base 3, the lead pin 35 penetrates the through hole
4b, and the ground pin 3¢ penetrates the through hole 4¢. A
portion of the lead pin 35 protruding from the back surface
4B is bonded to the exposed top surface of the signal wiring
4/ by a solder 4y. On the back surface 4B, a circular pattern
(land) exposed from the first protective film 47 is provided
around the through hole 454. The land is connected to the
signal wiring 4/. The land may be provided as a part of the
signal wiring 4/%. In addition, a portion of the ground pin 3¢
protruding from the back surface 4B is bonded to the
exposed top surface of the ground layer 47 by the solder 4y.
In this way, the lead pin 36 and the ground pin 3¢ are bonded
to the FPC 4 by the solder 4y, whereby the FPC 4 is fixed
to the metallic base 3. The metallic base 3 may be provided
with a plurality of lead pins 354, and the FPC 4 may be
provided with a plurality of through holes 45 corresponding
thereto. Each of the plurality of lead pins 35 penetrates
corresponding through hole 454. For example, by providing
a plurality of ground pins 3¢ and through holes 4c¢ corre-
sponding thereto, the FPC 4 can be more firmly fixed to the
metallic base 3. Further, a bonding material 4w is formed in
which the exposed ground layer 47 is bonded to the edge of
the body 3a by the solder 4y in the opening 4%. By forming
the bonding material 4w, the FPC 4 can be more firmly fixed
to the metallic base 3. As will be described later, the solder
4y is, for example, a solder paste when it is applied, and
becomes solid in a state in which it is stiffed after heating
and bonded to the ground layer 47 and the metallic base 3.
Since the ground layer 4¢ is bonded to the body 3a of the
metallic base 3 by the solder 4y in the opening 4%, the
bonding material 4w is formed to be bonded to a portion of
V36 or more and Y2 or less of the peripheral length of the
metallic base 3 when the FPC 4 is viewed along the first
direction D1. The bonding material 4w electrically connects
the body 3a of the metallic base 3 and the ground layer 4¢
of the FPC 4.

FIG. 5 is a schematic cross-sectional view of the metallic
base 3 and the FPC 4 cut along a plane extending in both the
first direction D1 and the second direction D2. As shown in
FIG. 2 to FIG. 5, the FPC 4 includes, for example, a first
protective film 47, the signal wiring 44, a dielectric layer 4s,
the ground layer 47, and the second protective film 4v. The
first protective film 47, the signal wiring 4%, the dielectric
layer 4s, the ground layer 4z, and the second protective film
4v are stacked in this order from the back surface 4B toward
the top surface 4A along the first direction D1. The top
surface 4A and the back surface 4B may be used to indicate
positions with respect to the first direction D1 with the
dielectric layer 4s as a boundary. For example, the first
protective film 47 and the signal wiring 4/ are provided on
the back surface 4B, and the ground layer 4¢ and the second
protective film 4v are provided on the top surface 4A. The
ground layer 4¢ is a layer that gives the reference potential
of an electric signal transmitted by the signal wiring 4/, and
is formed between the signal wiring 4/ and the metallic base
3 in the first direction D1. When the FPC 4 is viewed along
the first direction D1, the ground layer 47 may extend to the
second direction D2 and the third direction D3 so as to have
the same shape as an outer shape of the FPC 4. That is, the
ground layer 4¢ may be provided as a so-called solid layer of
a multilayer interconnection circuit board. A space is pro-
vided between the ground layer 47 and the lead pin 35 so that
the lead pin 36 does not come into contact with the ground
layer 4¢. The ground layer 4¢ is, for example, a thin film
made of metals. The FPC 4 includes, for example, a rein-
forcing plate 4x attached to the back surface 4B (first
protective film 4r). The reinforcing plate 4x can relax
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mechanical stresses on the bonding material 4w against
bending or warping of the FPC 4. The reinforcing plate 4x
is made of, for example, plastic. However, the FPC 4 may
not have the reinforcing plate 4x.

The opening 4k exposes a portion of the ground layer 4¢
to the outside of the second protective film 4v. As described
above, the FPC 4 has the bonding material 4w that electri-
cally connects the ground layer 4¢ to the metallic base 3 via
the opening 4%. The bonding material 4w bonds the ground
layer 47 to the metallic base 3 by, for example, the solder 4y.
Since the bonding material 4w is formed on the inner side of
the opening 4%, the bonding material 4w is bonded to the
periphery of the metallic base 3 over Y36 or more and V2 or
less of the peripheral length, similarly to the opening 4%. For
example, the opening 4% includes a first portion 441 located
outside the metallic base 3 when viewed from the first
direction D1 (in a plan view from the first direction), and a
second portion 442 formed between an outer surface of the
body 3a and the ground layer 4¢. The bonding material 4w
electrically connects the ground layer 47 to the metallic base
3 through the solder 4y filled in each of the first portion 41
and the second portion 4%2. In a plan view from the first
direction D1, one of the first portion 441 and the second
portion 442 of the opening 4% may have a smaller area than
the other. For example, the opening 4k may not include the
second portion 442.

Next, effects obtained from the optical module 1 accord-
ing to the embodiment of the present disclosure will be
described. In the optical module 1, the FPC 4 has the
opening 4% exposing a part of the ground layer 4¢, and the
ground layer 4¢ exposed to the opening 4k and the metallic
base 3 are electrically connected to each other via the
bonding material 4w. When viewed from the first direction
D1 in which the lead pin 36 extends, the opening 4k
provided on the top surface 4A is formed to intersect with
the signal wiring 4/ provided on the back surface 4B of the
FPC 4. That is, the opening 4% intersects with the edge of the
metallic base 3. The opening 4k may be formed so as to
include a part of an edge (periphery) 335 of the metallic base
3 in a plan view from the first direction D1. For example, the
shape of the opening 4% overlaps the shape of the body 3a
in a plan view from the first direction D1. Accordingly, the
bonding material 4w is formed so as to include a part of the
edge (periphery) 335 of the metallic base 3. Alternatively,
the shape of the opening 44 may be in contact with the shape
of the body 3a at the periphery portion in a plan view from
the first direction D1. As shown in FIG. 6, when an electric
signal is transmitted from the signal wiring 4/ to the lead pin
3b, a return current A caused by the transmission of the
electric signal is generated between the ground layer 47 and
the metallic base 3. The return current A is an alternating
current generated according to a change in the electric signal
transmitted through the signal wiring 4%, and flows in both
directions from the ground layer 4¢ to the metallic base 3 and
from the metallic base 3 to the ground layer 4¢. Note that the
return current A does not include a direct current component.

In the optical module 1 according to the embodiment of
the present disclosure, since the opening 4% that exposes the
ground layer 4¢ intersects the signal wiring 4/ when viewed
from the first direction D1, the return current A is transferred
from the opening 4% to the metallic base 3 through the
bonding material 4w in the shortest path. In a plan view from
the first direction, the opening 4% overlaps the signal wiring
4. Therefore, it is possible to suppress the occurrence of the
resonance phenomenon associated with the return current A
and to improve the frequency-response characteristics of the
signal by reducing the influence of radiation. The resonance
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phenomenon occurs, for example, due to the influence of
parasitic capacitance between the ground layer 4¢ and the
metallic base 3. For example, it is possible to improve the
frequency-response characteristic of the light signal at a
frequency equal to or higher than 30 GHz. The bonding
material 4w provided close to the signal wiring 4/ for
electrically connecting the ground layer 4¢ exposed in the
opening 4% and the metallic base 3 each other allows the
bandwidth, in which the loss of the electrical signal is equal
to or less than the 3 dB, to be widen from the 38 GHz to the
46 GHz.

The bonding material 4w may electrically connect the
ground layer 4z to the metallic base 3 through the solder 4y
or an electrical conductive adhesive. In this case, electrical
connection of the ground layer 4¢ to the metallic base 3 can
be easily performed.

The ground layer 4 may be formed between the signal
wiring 4/ and the metallic base 3 in the first direction D1.

When the FPC 4 is viewed from the first direction D1, a
distance from the center line L of the FPC 4 to the signal
wiring 4/ in the third direction D3 intersecting with the
second direction D2 may be shorter than a distance from the
signal wiring 4% to the edge 4; of the FPC 4. In this case,
since the signal wiring 4/ is provided at a position closer to
the center line L than the edge 4y, the frequency-response
characteristics of the signal can be further improved. Note
that the signal wiring 4% may be provided to overlap the
center line L so as to include the center line L therein. In this
case, the distance from the center line L of the FPC 4 to the
signal wiring 4/ is zero.

When viewed from the first direction D1, the outer shape
of the metallic base 3 may have a circular shape. The
bonding material 4w may be bonded to the periphery of the
metallic base 3 over Y46 or more and % or less of the
peripheral length. When the bonding material 4w is bonded
to the periphery of the metallic base 3 so as to include Y46
or more of the peripheral length, the return current A may be
more reliably transferred to the metallic base 3 from a
portion of the ground layer 47 close to the signal wiring 4/,
and thus the occurrence of the resonance phenomenon due
to the influence of the parasitic capacitance between the
ground layer 4¢ and the metallic base 3 may be more reliably
suppressed. When the bonding material 4w is bonded to the
periphery of the metallic base 3 over %2 or less of the
peripheral length, an area of the bonding material 4w when
viewed from the first direction D1 can be minimized.

Next, an FPC 14 according to a modification will be
described with reference to FIG. 7 and FIG. 8. FIG. 7 is a
plan view of a top surface 14A of the FPC 14. FIG. 8 is a
plan view of a back surface 14B of the FPC 14. As shown
in FIG. 7 and FIG. 8, the FPC 14 includes a first through hole
14c (first expanded through hole) and a second through hole
14e (second expanded through hole) that penetrate the FPC
14 in the first direction D1. The configuration of the FPC 14
is partially identical to the configuration of the FPC 4
described above. Therefore, descriptions same as the con-
figuration of the FPC 4 will be appropriately omitted.

The first through hole 14¢ has a non-circular shape
extending so as to surround the through hole 44. For
example, the first through hole 14¢ has an arc shape curved
s0 as to surround the periphery of the through hole 45 in a
plan view from the first direction D1. A part of the first
through hole 14¢ can be penetrated by the ground pin 3¢. For
example, the second through hole 14e and the first through
hole 14c¢ are provided so as to put the through hole 44
therebetween. The second through hole 14e has, for
example, an oval shape extending in the second direction
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D2. A part of the second through hole 14e can be penetrated
by a ground pin (not shown) different from the ground pin
3¢ provided in the metallic base 3. The second through hole
14e is formed so as to allow the ground pin to pass
therethrough, but the ground pin may not pass therethrough
when the FPC 14 is connected to the metallic base 3. The
ground layer 47 is exposed around and adjacent to each of the
first through hole 14¢ and the second through hole 14e. The
exposed ground layer 4¢ may be referred to as a land. The
first through hole 14¢ and the second through hole 14e
penetrate from the top surface 14A through the ground layer
41, the dielectric layer 4s, and the first protective film 47
along the first direction D1, and reach the back surface 14B.
The exposed portions of the ground layer 4¢ around each of
the first through hole 14¢ and the second through hole 14e
are electrically connected to the metallic base 3 via a solder,
for example, in the same manner as the bonding material 4w.
The solder for bonding the ground layer 4¢ and the body 3a
of the metallic base 3 is supplied from the back surface 14B
through respective expanded through holes. As described
above, in the FPC 14 according to the modification, when
the FPC 14 is attached to the metallic base 3 and the lead pin
3b passes through the through hole 44 and is electrically
connected to the signal wiring 4/, an electric signal trans-
mission line having a structure close to a coaxial structure in
which the first through hole 14¢ and the second through hole
14e concentrically surround the lead pin 36 as a center is
formed, and the frequency-response characteristic can be
improved.

Next, an optical module 31 according to another embodi-
ment will be described with reference to FIG. 10, FIG. 11,
and FIG. 12. Since a part of the configuration of the optical
module 31 is the same as a part of the configuration of the
optical module 1 described above, the same reference
numerals are given to the same components as those
described above, and description thereof will be appropri-
ately omitted. FIG. 10 is a plan view illustrating a back
surface 34B of an FPC 34 of the optical module 31 accord-
ing to another embodiment. FIG. 11 is a schematic cross-
sectional view of the metallic base 3 and the FPC 34 of the
optical module 31 taken along a plane extending in both the
first direction D1 and the second direction D2 (cross-
sectional view taken along the line A-A in FIG. 10). In FIG.
10, the through hole 4c¢, the through hole 454, and a first
reinforcing via hole 345, which will be described later, are
not necessarily arranged on a single straight line, but in FIG.
11, for convenience of explanation, they are shown as if they
are arranged on the single straight line along the second
direction D2. FIG. 12 is a schematic cross-sectional view of
the metallic base 3 and the FPC 34 along a plane extending
in both the first direction D1 and the third direction D3
(cross-sectional view taken along line B-B in FIG. 10).

As shown in FIG. 10 and FIG. 11, the FPC 34 includes the
first protective film 47, the signal wiring 4%, the dielectric
layer 4s, the ground layer 4z, and the second protective film
4v. The first protective film 47, the signal wiring 4/, the
dielectric layer 4s, the ground layer 47, and the second
protective film 4v are stacked in this order from the back
surface 34B toward the top surface 34A along the first
direction D1. The signal wiring 4/ is formed on the back
surface 34B of the FPC 34, and is formed as a transfer line
such as a microstrip line with respect to the ground layer 4¢,
for example. For example, the signal wiring 4/ is formed
between the first protective film 4 and the dielectric layer 4s
in the first direction D1. The signal wiring 4/ is formed at
a position away from an edge 45 of the FPC 34 in the third
direction D3. For example, the signal wiring 4/~ extends
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along the second direction D2 in the central portion of the
FPC 34 of the third direction D3. One end of the signal
wiring 4/ is provided with the through hole 45 through
which the lead pin 36 of the metallic base 3 can pass.
Further, the FPC 34 has the through hole 4¢ through which
the ground pin 3¢ of the metallic base 3 can penetrate.

The FPC 34 has an opening 34 (first opening) at the top
surface 34A for electrically connecting the ground layer 4¢
to the metallic base 3 (See FIG. 11 and FIG. 12). The first
reinforcing via hole 3454 is located inside the opening 34k
when the FPC 34 is viewed from the first direction D1. The
first reinforcing via hole 345 passes through the ground layer
41, the dielectric layer 4s, and the first protective film 47 from
the top surface 34A along the first direction D1, and reaches
the back surface 34B. The opening 34% intersects with the
edge 336 of the metallic base 3 when the FPC 34 is viewed
from the first direction D1. For example, the FPC 34 further
has an opening 34p (second opening) similar to the opening
34k on the top surface 34A, and further has a second
reinforcing via hole 34¢ similar to the first reinforcing via
hole 345 (See FIG. 12). The second reinforcing via hole 34¢
is located inside the opening 34p different from the opening
34/ when the FPC 34 is viewed from the first direction D1.
The opening 34p is provided at a position separated from the
opening 34k. As an example, the opening 34% has an oval
shape. For example, the opening 34% has an outer shape in
which a length in the second direction D2 is longer than a
length in the third direction D3. However, the opening 34&
may have a shape other than the oval shape, and may have
a circular shape or a polygonal shape. The same applies to
the opening 34p. The opening 34p may have an outer shape
that is line-symmetrical to the outer shape of the opening 34%
with respect to the center line L. of the FPC 34. Further, in
the embodiment, the example in which two reinforcing vias,
that is, the first reinforcing via hole 346 and the second
reinforcing via hole 34¢, are provided is described. How-
ever, the number of openings and the number of reinforcing
vias may be one or three or more. In addition, the opening
34k and the opening 34p may be connected to each other,
and instead of the opening 34% and the opening 34p, one
opening having a shape including them may be formed. For
example, an opening such as the opening 44 shown in FIG.
7 may be formed instead of the opening 344 and the opening
34p. The opening 4k shown in FIG. 7 may be formed so as
to include a part of the edge (periphery) 335 of the metallic
base 3. Meanwhile, in the embodiment, the through hole is
formed so that the lead pin or the ground pin of the metallic
base can pass therethrough, and the via is formed so as to
electrically connect the top surface and the back surface of
the FPC. For example, the diameter of the through hole is
larger than the diameter of the pin penetrating therethrough,
and the diameter of the via may be smaller than the diameter
of the pin.

Each shape of the first reinforcing via hole 345 and the
second reinforcing via hole 34¢ intersects with the edge 336
of the metallic base 3 when the FPC 34 is viewed from the
first direction D1. Therefore, in a plan view from the first
direction, the shape of each of the first reinforcing via hole
34b and the second reinforcing via hole 34¢ has an overlap
with the shape of the metallic base 3. The first reinforcing
via hole 345 and the second reinforcing via hole 34¢ are
formed so as to sandwich the signal wiring 4/ in the third
direction D3. As an example, the first reinforcing via hole
34b and the second reinforcing via hole 34c¢ are disposed at
positions that are line-symmetric to each other with respect
to the signal wiring 4/. Alternatively, the first reinforcing via
hole 345 and the second reinforcing via hole 34¢ may be
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disposed at positions line-symmetrical to each other with
respect to the center line L. of the FPC 34 (see FIG. 10)
extending along the second direction D2.

As shown in FIG. 12, in each of the opening 34 and the
opening 34p, the ground layer 4¢ is exposed from the second
protective film 4v to the outside of the top surface 34A, and
the solder 4y is applied to the inside of the opening 344 and
the opening 34p. The solder used for application may be, for
example, a solder paste. The solder 4y is bonded to the body
3a of the metallic base 3, and the solder 4y is bonded to the
ground layer 4¢, whereby a bonding material 34w and a
bonding material 34x are formed. The body 3a of the
metallic base 3 and the ground layer 4¢ of the FPC 34 are
electrically connected to each other through at least one of
the bonding material 34w and the bonding material 34x. The
solder 4y may be applied to or filled in each of the first
reinforcing via hole 346 and the second reinforcing via hole
34¢, and may reach the back surface 34B. Therefore, the
bonding material 34w includes not only a portion where the
body 3a of the metallic base 3 and the ground layer 4¢ are
connected to each other through the solder 4y applied to the
inner side of the opening 34k, but also a portion where the
solder 4y is filled in the first reinforcing via hole 345 (see
FIG. 11). Note that the FPC 34 may have a land 344 and a
land 34f adjacent to the peripheries of the first reinforcing
via hole 345 and the second reinforcing via hole 34c,
respectively, in the back surface 34B. The inner side of the
first reinforcing via hole 346 and the land 34d are, for
example, plated with gold, and the land 344 is electrically
connected to the ground layer 4¢. Similarly, the inner side of
the second reinforcing via hole 34¢ and the land 34f are
plated with gold, for example, and the land 34f'is electrically
connected to the ground layer 4z.

In the method of manufacturing the optical module 31,
first, in each of the opening 34% and the opening 34p, the
FPC 34 having the first reinforcing via hole 344 and the
second reinforcing via hole 34c¢ that penetrate the FPC 34 in
the first direction D1 is prepared. In the FPC 34, the ground
layer 4¢ is exposed in each of the opening 34k and the
opening 34p. At this time, it is possible to visually inspect
each of the first reinforcing via hole 345 and the second
reinforcing via hole 34¢ from the top surface 34A and from
the back surface 34B.

Next, the bonding material 34w (first bonding material) is
formed by applying the solder 4y to the opening 34£, the first
reinforcing via hole 345, and the land 34d (step of forming
the first bonding material). When the solder 4y is applied, the
application state of the solder 4y inside the first reinforcing
via hole 344 is visually inspect from the opening 34% or from
the side opposite to the opening 34k of the FPC 34. The
solder 4y to be applied is, for example, a solder paste. The
visual recognition may be done, for example, using a
magnifying glass or a microscope to confirm details. At this
time, for example, the amount and shape of the solder 4y are
confirmed. Similarly, the solder 4y is applied to the opening
34p, the second reinforcing via hole 34c¢, and the land 34f'to
form the bonding material 34x (second bonding material)
(step of forming the second bonding material). At this time,
the application state of the solder 4y inside the second
reinforcing via hole 34c¢ is visually inspected from the
opening 34p or from the side opposite to the opening 34p of
the FPC 34. Next, the solder 4y applied to the first reinforc-
ing via hole 345 and the second reinforcing via hole 34c is
heated by using a solder iron or reflowing to be bonded to
the body 3a of the metallic base 3 and to the ground layer
4¢ (step of bonding the metallic base 3 and the ground layer
4t to each other). For example, by heating the solder 4y from
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the back surface 34B when the solder 4y reaches the back
surface 34B, heat can be efficiently transferred to a portion
where the solder 4y is in contact with the body 3a of the
metallic base 3. After the heating is stopped and the solder
4y is stiffed, the bonding state of the solder 4y with the
metallic base 3 and the ground layer 47 (for example, the
wettability of the solder, the shape of the fillet, and the like)
is visually inspected from at least one of the top surface 34A
and the back surface 34B (step of visually inspecting the
state of the solder 4y). For example, heating may be per-
formed again by increasing the amount of the solder 4y in
accordance with the result of visual recognition. The visual
recognition of the solder 4y may be performed only after the
bonding. The bonding between the metallic base 3 and the
ground layer 47 is completed through the above steps. In the
bonded state, the solder 4y is solid and firmly connects the
metallic base 3 and the FPC 34. In the above description, the
solder 4y is used to electrically connect the metallic base 3
and the ground layer 4¢, but an electrical conductive adhe-
sive may be used instead of the solder 4y.

As described above, in the optical module 31, the FPC 34
has the first reinforcing via hole 345 inside the opening 34%
when the FPC 34 is viewed along the first direction D1.
Therefore, since the first reinforcing via hole 345 is formed
inside the opening 34k of the FPC 34, it is possible to easily
perform bonding to the metallic base 3 by filling the inside
of the first reinforcing via hole 345 with the solder 4y or the
electrical conductive adhesive. Furthermore, since the solder
4y or the electrical conductive adhesive can be applied from
both the top surface 34A and the back surface 34B of the
FPC 34, the state in which the solder 4y or the electrical
conductive adhesive is applied can be visually inspected
from both the top surface 34A and the back surface 34B of
the FPC 34. In addition, after the solder 4y or the electrical
conductive adhesive is stiffed, the bonded state between the
metallic base 3 and the solder 4y or the electrical conductive
adhesive and the bonded state between the ground layer 4¢
and the solder 4y or the electrical conductive adhesive (that
is, a finished state of the bonding material 34w and the
bonding material 34x) can be visually inspected.

The first reinforcing via hole 345 intersects with the edge
335 of the metallic base 3 when the FPC 34 is viewed from
the first direction D1. Accordingly, since the first reinforcing
via hole 345 is provided at a position intersecting with the
edge 335 of the metallic base 3, the return current A (refer
to FIG. 6) may be transmitted to the body 3a of the metallic
base 3 in the shortest path, and thus the frequency-response
characteristics of the electrical signal transmitted through
the signal wiring 4% may be improved.

The FPC 34 further includes the second reinforcing via
hole 34c inside the opening 34p when the FPC 34 is viewed
from the first direction D1, and the first reinforcing via hole
34b and the second reinforcing via hole 34¢ are formed so
as to put the signal wiring 4/ therebetween. Since the signal
wiring 4/ is provided between the first reinforcing via hole
345 and the second reinforcing via hole 34c, the return
current A flows near the signal wiring 4% by the first
reinforcing via hole 346 and the second reinforcing via hole
34c, and thus it is possible to further improve the frequency-
response characteristics of the electric signal transmitted by
the signal wiring 44.

The method of manufacturing the optical module 31
according to another embodiment (second embodiment)
includes a step of applying the solder 4y or the electrical
conductive adhesive to the first reinforcing via hole 345, a
step of bonding the metallic base 3 and the ground layer 4¢
to each other, and a step of visually inspecting the state of
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the solder 4y of the first reinforcing via hole 345 from the
opening 34k or the side opposite to the opening 34% of the
FPC 34. In this manufacturing method, since the FPC 34 has
the first reinforcing via hole 345 penetrating through the
FPC 34 on the inner side of the opening 34%, the state of the
solder 4y or the electrical conductive adhesive of the first
reinforcing via hole 345 can be visually inspected from both
of the opening 34% and the side opposite to the opening 34%
of the FPC 34. Therefore, by the visual recognition of the
state of the solder 4y or the electrical conductive adhesive
after the bonding of the metallic base 3 and the ground layer
4z, it is possible to more reliably perform the electrical
connection between the body 3a of the metallic base 3 and
the ground layer 4¢. Further, by heating the solder 4y from
the back surface 34B when the solder 4y reaches the back
surface 34B, heat can be efficiently transferred to the portion
where the solder 4y is in contact with the metallic base 3.
Accordingly, it is possible to prevent the metallic base 3
from being heated more than necessary. The same effect can
be obtained from the second reinforcing via hole 34c.

Next, an optical module 41 according to another modifi-
cation will be described with reference to FIG. 13 and FIG.
14. FIG. 13 is a plan view illustrating a back surface 44B of
an FPC 44 of the optical module 41 according to another
modification. FIG. 14 is a schematic cross-sectional view of
the metallic base 3 and the FPC 44 of the optical module 41
taken along a plane extending in both the first direction D1
and the second direction D2 (cross-sectional view taken
along line C-C in FIG. 13). In FIG. 13, the through hole 4c,
the through hole 45, and a first reinforcing via hole 445 are
not arranged on a single straight line, but in FIG. 14, for
convenience of explanation, they are shown as being
arranged on a single straight line along the second direction.

As shown in FIG. 13 and FIG. 14, the optical module 41
has the first reinforcing via hole 445 and a second reinforc-
ing via hole 44¢ which are different from the first reinforcing
via hole 345 and the second reinforcing via hole 34c¢
described above. The first reinforcing via hole 4454 is located
inside a non-circular opening 44k (first opening) when the
FPC 44 is viewed from the first direction D1. Similarly, the
second reinforcing via hole 44c¢ is located inside a non-
circular opening 44p (second opening). The non-circular
openings 44k and 44p of the FPC 44 correspond to the
openings 34k and 34p of the FPC 34 shown in FIG. 12. In
the optical module 41, the opening 44% has a shape extend-
ing in one direction. That is, the opening 44k has a shape
extending in the second direction D2. More particularly, for
example, the opening 444 has an elliptical shape with a
major axis extending along the second direction D2 and a
minor axis extending along the third direction D3. As an
example, the minor axis of the opening 44k is greater than
or equal to 0.2 mm and less than or equal to 0.3 mm. For
example, the major axis of the opening 44£ is at least twice
as long as the minor axis of the opening 44%. For example,
the opening 44p (second opening) may have the same shape
or the same size as the opening 44%. The opening 44p may
have an outer shape that is line-symmetrical to the outer
shape of the opening 444 with respect to the center line L of
the FPC 44. The ground layer 4¢ of the FPC 44 is exposed
inside the opening 444, and the ground layer 4¢ of the FPC
44 is exposed inside the opening 44p.

Unlike the first reinforcing via hole 345 shown in FIG. 10
and FIG. 11, the first reinforcing via hole 445 has a vacant
portion 44g where the solder 4y is not applied inside the first
reinforcing via hole 445. As an example, the vacant portion
44g is formed in a portion on the side opposite to the metallic
base 3 in the second direction D2 of the first reinforcing via
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hole 445. By this vacant portion 44g, the state of application
of the solder 4y and the state of bonding can be visually
inspected from either the top surface 44 A or the back surface
44B of the FPC 44. In this case, a bonding material 44w
includes not only a portion where the body 3a of the metallic
base 3 and the ground layer 4¢ are connected to each other
through the solder 4y applied to the inner side of the opening
44, but also a portion where the solder 4y is filled in the first
reinforcing via hole 445 (see FIG. 14). The inner side of the
opening 44% may have a portion to which the solder 4y is not
applied. Like the first reinforcing via hole 445, the second
reinforcing via hole 44¢ has a vacant portion 44/ in which
the solder 4y is not applied inside the second reinforcing via
hole 44c¢. In this case, a bonding material 44x includes not
only a portion where the body 3a of the metallic base 3 and
the ground layer 4¢ are connected to each other through the
solder 4y applied to the inner side of the opening 44p, but
also a portion where the solder 4y is filled in the second
reinforcing via hole 44¢ (see FIG. 13). The inner side of the
opening 44p may have a portion to which the solder 4y is not
applied. The FPC 44 may further have lands 444 and 44/ on
the back surface 44B. In the plane view of the back surface
44B, the land 444 surrounds the first reinforcing via hole 445
and the land 44f surrounds the second reinforcing via hole
44c. Bach of the lands 444 and 44f has a metalized surface
electrically connected to the ground layer 4¢. The solder 4y
may be applied to the lands 444 and 44f (See FIG. 12).

As described above, in the optical module 41 according to
the modification, the first reinforcing via hole 445 has the
vacant portion 44g in which the solder 4y or the electrical
conductive adhesive is not applied inside the first reinforcing
via hole 44b. Therefore, the boning state of the bonding
material by the solder 4y or the electrical conductive adhe-
sive can be visually inspected from the vacant portion 44g
to which the solder 4y or the electrical conductive adhesive
is not applied. Since the second reinforcing via hole 44¢ has
the vacant portion 445, the same effect as that of the first
reinforcing via hole 445 can be obtained from the second
reinforcing via hole 44c.

Various embodiments and modifications of the optical
module and the method of manufacturing the optical module
according to the present disclosure have been described
above. However, the invention is not limited to the embodi-
ments or modifications described above. That is, it is easily
recognized by those skilled in the art that various modifi-
cations and changes can be made to the present invention
within the scope of the outline described in the claims.

For example, in the above-described embodiment, when
the FPC 4 is viewed from the first direction D1, the opening
4k overlaps with the signal wiring 4. However, like the FPC
24 according to the modification of FIG. 9, the opening 24%
may not intersect with the signal wiring 4% when viewed
from the first direction D1. The ground layer 4¢ is exposed
to the outside of the second protective film 4v through the
opening 24%. When the FPC 24 is attached to the metallic
base 3 and the ground layer 47 is bonded to the body 3a at
the opening 24k by the bonding material 4w, the bonding
material 4w also does not intersect with the signal wiring 4/.
A point on a periphery of the opening 24% closest to the
signal wiring 4% is defined as a closest point P. The opening
24k that does not intersect with the signal wiring 4/ is
formed such that a distance (first distance) between the
closest point P of the opening 24% and the signal wiring 4/
is smaller than a distance (second distance) between the
closest point P of the opening 24% and the edge 45 of the FPC
24. In the case of the optical module including the FPC 24
according to this modification, since the return current A is
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transmitted to the metallic base 3 in a short distance via the
bonding material 4w formed in the opening 24%, the same
operation and effect as those of the optical module 1
described above can be obtained. By forming the bonding
material 4w by filling the inside of the opening 24% with the
solder 4y or the electrical conductive adhesive, the shape of
the bonding material 4w becomes the same as the shape of
the opening 24k in a plan view from the first direction D1.
Therefore, the above-described relationship between the first
distance and the second distance also applies to the bonding
material 4w.

In the embodiments described above, the bonding mate-
rial 4w for solder-connecting the ground layer 47 to the
metallic base 3 has been described. However, the bonding
material 4w is not limited to the solder 4y, and for example,
the ground layer may be electrically connected to the
metallic base by an electrical conductive adhesive. In the
embodiments described above, an example has been
described in which the optical semiconductor element 2 is
the optical module 1 which is the light transmission module
that outputs the light signal, and the lead pin 35 transmits the
electric signal to the optical semiconductor element 2.
However, the optical module according to the present dis-
closure may be a light receiving module in which a lead pin
transmits an electric signal output from an optical semicon-
ductor element. For example, the optical semiconductor
element may include a photodetector (for example, a pho-
todiode), a light signal incident on the lens from the outside
may be collected and incident on the photodetector, and the
optical semiconductor element may convert the incident
light signal into an electric signal and output the electric
signal.

What is claimed is:

1. An optical module comprising: an optical semiconduc-
tor element; a metallic base having an inner surface, an outer
surface, and a lead terminal extending along a first direction
from the inner surface to the outer surface, the optical
semiconductor element being mounted on the inner surface,
the lead terminal being electrically connected to the optical
semiconductor element; and a circuit board extending along
a second direction crossing the first direction, the circuit
board including a through hole, a signal wiring, a ground
layer, an opening, and a bonding material, the through hole
being configured to be fit with the lead terminal, the signal
wiring extending along the second direction and being
electrically connected to the lead terminal, the ground layer
being configured to provide a reference potential and have a
portion exposed through the opening, the bonding material
electrically connecting the portion of the ground layer to the
outer surface of the metallic base; wherein, in a plan view of
the circuit board from the first direction, the opening over-
laps the signal wiring, or, when the opening does not overlap
with the signal wiring, the opening has a first distance
between the signal wiring and a closest point of the opening,
the closest point being closest from the signal wiring among
points in the opening, and the first distance is smaller than
a second distance between the closest point and an edge of
the circuit board, wherein, in the plan view, the circuit board
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has a third distance between the signal wiring and a center
line of the circuit board in a third direction crossing the
second direction, the third distance being shorter than a
fourth distance between the signal wiring and the edge of the
circuit board.

2. The optical module according to claim 1, wherein the
bonding material is a solder or an electrical conductive
adhesive.

3. The optical module according to claim 1, wherein the
ground layer is provided between the signal wiring and the
metallic base in the first direction.

4. The optical module according to claim 1, wherein,

in the plan view, the metallic base has a circular shape,

the bonding material is bonded to a portion of a periphery

of the circular shape, and

a ratio of a length of the portion to a peripheral length of

the periphery of the circular shape is equal to one
thirty-sixth or more and equal to a half or less.

5. The optical module according to claim 1, wherein,

in the plan view, the circuit board has a first reinforcing

via hole inside the opening, and

the bonding material includes a solder or an electrical

conductive adhesive filled in the first reinforcing via
hole.

6. The optical module according to claim 5, wherein, in
the plan view, the first reinforcing via hole overlaps the
metallic base.

7. The optical module according to claim 5, wherein,

in the plan view, the circuit board further includes a

second reinforcing via hole inside an opening,

the bonding material further includes a solder or an

electrical conductive adhesive applied inside the sec-
ond reinforcing via hole, and

the signal wiring is provided between the first reinforcing

via hole and the second reinforcing via hole.

8. The optical module according to claim 5, wherein,

in the plan view, the first reinforcing via hole has a vacant

portion in which neither the solder nor the electrical
conductive adhesive is applied inside the first reinforc-
ing via hole.

9. The optical module according to claim 1, further
including a pedestal,

wherein the pedestal is mounted on the inner surface, and

the optical semiconductor element is mounted on the
pedestal.

10. A manufacturing method of the optical module
according to claim 6, the method comprising:

applying the solder or the electrical conductive adhesive

between the metallic base and the ground layer of the
circuit board inside the opening and inside the first
reinforcing via hole,
bonding the ground layer to the metallic base by stiffening
the solder or the electrical conductive adhesive, and

after the bonding the ground layer to the metallic base,
visually inspecting the solder or the electrical conduc-
tive adhesive through the opening or the first reinforc-
ing via hole.



