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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an optical mod-
ule used for optical communication.

BACKGROUND ART

[0002] Along the development and increasingly wider
use of the optical communication, an optical module for
sending and receiving an optical signal has been de-
manded to satisfy needs including not only a higher
transmission speed and a lower cost, but also a reduction
in the size (particularly, a low height) to an extent that the
optical module is small enough to be housed in a small-
size/thin apparatus and a high-density packaging appa-
ratus. For the optical module on which an optical element
is mounted, alignmentin a micrometer order between the
optical element and an optical fiber or the like is required.
A method of satisfying these needs is to mount the optical
element on a TO (Transistor Outline)-CAN package and
perform a precise optical axis alignment by YAG (Yttrium
Aluminum Garnet) laser welding. As the lowest-cost
method, this method is in wide use.

[0003] Technical contents concerning the optical mod-
ule such as the TO-CAN package are disclosed in, for
example, Patent Literature 1 and 2. Patent Literature 1
discloses "An optical module including a spherical lens
and an electronic circuit with a photoelectric conversion
element, and configured to convert an optical signal into
an electrical signal and an electrical signal into an optical
signal using the photoelectric conversion element, com-
prising: a stem supporting the electronic circuit with the
photoelectric conversion element; a cylindrical cap mem-
ber joined to the stem, and holding the lens such that the
lens faces the photoelectric conversion element; and a
sleeve (receptacle) joined to the cap member, and being
capable of holding an optical fiber such that the optical
fiber faces the lens, wherein the cap member has an
opening for holding the lens, and an inner diameter of the
opening is less than a diameter of the lens."

[0004] Meanwhile, Patent Literature 2 discloses "An
optical module comprising: a stem; a signal pin extending
through the stem; an insulated glass filled between the
stem and the signal pin; a ground pin welded to a main
surface of the stem; a weld part existing on a root of the
ground pin, and being wider than the ground pin; aflexible
printed circuit board including a first through-hole which
the signal pin penetrates, and a second through-hole
which the ground pin penetrates, and attached to the
stem; a wiring pattern provided on an upper surface of the
flexible printed circuit board, and connected to the signal
pin; and a ground conductor provided on a lower surface
of the flexible printed circuit board, and connected to the
stem, wherein a portion of the flexible printed circuit board
which surrounds the second through-hole is folded along
the weld part, and around the signal pin, the ground
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conductor on the lower surface of the flexible printed
circuit board is in close contact with the main surface
of the stem."

CITATION LIST
Patent Literature
[0005]

Patent Literature 1: Japanese Patent Application
Publication No. 2003-241029
Patent Literature 2: Japanese Patent Application
Publication No. 2012-256692

Further optical modules used for optical communication
are disclosed in US 2007/0051877 A1, US
2004/0037334 A1, JP 2007/042756 A, and US
2004/208211 A1 and US 2005/110105 A1.

SUMMARY OF INVENTION
Technical Problem

[0006] As described in Patent Literature 1 and 2, multi-
ple pins (or lead pins) need to be disposed in the main
surface of the stem of the optical module. Thus, the area
ofthe main surface of the stem needs to be suitably large.
The optical module including the stem with thatlarge area
has difficulty in satisfying the above-mentioned need for
the size reduction. In addition, the conventional optical
module which has to include the sleeve (receptacle)
capable of holding the optical fiber cannot be made
smaller in size than the receptacle.

[0007] With the above situation taken into considera-
tion, an object of the present invention is to reduce the
size of the optical module.

Solution to Problem

[0008] To solve the above problems, the present in-
vention is an optical module according to claim 1.

The other aspects of the present invention will be de-
scribed using embodiments of the present invention.

Advantageous Effects of Invention

[0009] The presentinvention canreduce the size ofthe
optical module.

BRIEF DESCRIPTION OF DRAWINGS

[0010]
FIG. 1Ais afront view of an optical module according
to a first embodiment; FIG. 1B is a cross-sectional

view of the optical module taken along the A-Aline of
FIG. 1A; and FIG. 1C is a side view of the optical
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module.

FIGs. 2A and 2B respectively illustrate examples of
shapes of protrusions.

FIG. 3Ais afrontview of an optical module according
to a second embodiment, and

FIG. 3B is a cross-sectional view of the optical mod-
ule taken along the B-B line of FIG. 3A.

FIG. 4 is a cross-sectional view of the optical module
according to the second embodiment as mounted on
a mother board.

FIG. 5Ais afront view of an optical module according
to a third embodiment, and

FIG. 5B is a cross-sectional view of the optical mod-
ule taken along the C-C line of FIG. 5A.

FIG. 6 is a cross-sectional view of the optical module
according to the third embodiment as mounted on
the mother board.

FIG. 7Ais afront view of an optical module according
to a fourth embodiment, and

FIG. 7B is a cross-sectional view of the optical mod-
ule taken along the D-D line of FIG. 7A.

FIG. 8Ais afrontview of an optical module according
to a fifth embodiment, and FIG. 8B is a cross-sec-
tional view of the optical module taken along the E-E
line of FIG. 8A.

FIG. 9Ais afrontview of an optical module according
to a sixth embodiment, and

FIG. 9B is a cross-sectional view of the optical mod-
ule taken along the F-F line of FIG. 9A.

FIG. 10Ais a front view of an optical module accord-
ing to a comparative example of prior art, and FIG.
10B is a cross-sectional view of the optical module
taken along the G-G line of FIG. 10A.

FIG. 11 is a detailed view of an FPC in the optical
module according to the comparative example of
prior art.

FIG. 12 is a cross-sectional view of the optical mod-
ule according to the comparative example of prior art
as mounted on the mother board.

FIG. 13 is a cross-sectional view of an optical module
according to a seventh embodiment as mounted on
the mother board.
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DESCRIPTION OF EMBODIMENTS

[0011] Hereinafter, embodiments of the present inven-
tion will be described with reference to the accompanying
drawings. It should be noted that in the following descrip-
tions, the meaning of a word "vertical" includes "substan-
tially vertical" for the sake of explanatory convenience.
Similarly, the meaning of a word "orthogonal" includes
"substantially orthogonal," the meaning of words "on a
straight line" includes "substantially on a straight line,"
and the meaning of a word "parallel" includes "substan-
tially parallel."

<Comparative Example> (Prior Art)

[0012] To begin with, descriptions will be provided for
an optical module according to a comparative example of
the present invention. The optical module 100A accord-
ing to the comparative example of prior art illustrated in
FIGs. 10A and 10B is an optical module using a conven-
tional TO-CAN package for optical reception. As illu-
strated in FIGs. 10A and 10B, the optical module 200
includes astem 1, five lead pins 2a to 2e, glasses 3ato 3d,
a photodiode 4, an amplifier 5, aweld part 6 and a flexible
printed circuit board (FPC) 7.

[0013] The stem 1 is a disc-shaped body which sup-
ports elements such as the photodiode 4 and the ampli-
fier 5. The stem 1 includes a front main surface 1a (a first
main surface) and a rear main surface 1b (a second main
surface). The stem 1 further includes through-holes 20a
to 20d extending in a plate-thickness direction.

[0014] The first lead pin 2a is a pin (signal pin) which
outputs a signal. The second lead pin 2b is a pin (signal
pin) which outputs an inverted signal. The third lead pin
2cis apin which biases the amplifier 5. The fourth lead pin
2d is a pin which biases the photodiode 4. The lead pins
2a to 2d penetrate the respective through-holes 20a to
20d in the stem 1, and are fixed therein by the respective
glasses 3a to 3d.

[0015] The fifth lead pin 2e is a ground pin for ground-
ing. The fifth lead pin 2e is directly fixed to the rear main
surface 1b of the stem 1 by welding, and an electrical
potential of the fifth lead pin 2e is equal to one of (a
housing of) the stem 1.

The weld part 6 is a bead where the fifth lead pin 2e is
joined to the rear main surface 1b of the stem 1. A
diameter of the weld part 6 is slightly larger than one of
the fifth lead pin 2e.

[0016] The glasses 3ato 3d are filled in the respective
through-holes 20a to 20d. The glasses 3a to 3d are
insulated materials filled between the stem 1 and the
respective lead pins 2ato 2d, and electrically insulate (the
housing of) the stem 1 from the lead pins 2a to 2d.
[0017] The photodiode 4 is an optical element which
receives an optical signal and converts the optical signal
into an electrical signal. The photodiode 4 is disposed on
the front main surface 1a of the stem 1, and in the center
of the stem 1.
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The amplifier 5 is an electrical element which amplifies
the electrical signal into which the optical signal is con-
verted. The amplifier 5 is disposed on the front main
surface 1a of the stem 1, and near the center of the stem
1.

[0018] An output terminal of the photodiode 4 is wire-
connected to an input terminal of the amplifier 5. A bias
terminal of the photodiode 4 is wire-connected to the
fourth lead pin 2d. A bias terminal of the amplifier 5 is
wire-connected to the third lead pin 2c. A signal output
terminal of the amplifier 5 is wire-connected to the first
lead pin 2a. An inverted signal output terminal of the
amplifier 5 is wire-connected to the second lead pin 2b.
Because of the above-discussed configuration, the op-
tical signal received by the photodiode 4 is outputted as a
differential electrical signal between the first lead pin 2a
and the second lead pin 2b. The outputted differential
electrical signal is taken out to the outside of the optical
module 200 viathe FPC 7 attached toa TO-CAN package
for optical reception.

[0019] TheFPC 7isafoldable high-speed wiring board
and is in close contact with the rear main surface 1b of the
stem 1. The FPC 7 includes a high-speed signal differ-
ential wire comprising a signal transmission line and a
ground formed by extending along the transmission line.
The FPC 7 further includes bias supply power lines
respectively for the photodiode 4 and the amplifier 5.
As illustrated in FIG. 10B, the FPC 7 may have a config-
uration according to which, for example, a dielectric 10
(for example, polyimide) with a thickness of approxi-
mately 50 wm is located between an upper layer wire
12 and a lower layer ground 11. According to the FPC 7
having such a configuration, a microstrip line as a signal
transmission line can be formed as a signal transmission
line, and a high-speed wiring board which is flexible and
easy to handle can be obtained.

[0020] Asillustrated in FIG. 10B, the FPC 7 includes a
protective layer 19. The protective layer 19 protects the
lower layer ground 11, except for its regions where the
lead pins 2a to 2e pass, from a side of the optical module
200 on which the stem 1 is provided. The FPC 7 further
includes a protective layer (not shown) having the same
function as the protective layer 19 on an opposing surface
of the surface on which the stem 1 is provided. This
protective layer protects the upper layer wire 12, except
forregions oflands (see lands 40ato 40e in FIG. 11), from
the side opposite to the side where the stem 1 is provided.
The FPC 7 further has a reinforcement plate (not shown)
for preventing bending and warping of the portion of the
protective layer 19 in contact with the stem 1 and facil-
itating solder mounting. The reinforcing plate may be
suitably provided at any place where curving or warping
is effectively prevented except for a place where the FPC
7 is to be bent, and may be provided between the pro-
tective layer 19 and the lower layer ground 11 or between
the stem 1 and the prospective layer 19. Reference signs
40b, 40c, 40ein FIG. 10B respectively denote the lands of
solders 8b, 8c, 8e which serve as electrical connection
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means to the lead pins 2b, 2c, 2e, respectively.

[0021] Asillustrated in FIG. 11, the FPC 7 includes five
through-holes 13a to 13e corresponding to the lead pins
2ato2e. The FPC 7 further includes the lands 40a to 40e
surrounding the respective through-holes 13a to 13e.
Electrical connection is achieved by: inserting the lead
pins 2a to 2e into the respective through-holes 13a to
13e; and soldering the lead pins 2a to 2e to the respective
lands 40a to 40e.

[0022] Asillustratedin FIG. 12, a cap 14 having a light-
incident window or lens is attached to the stem 1 of the
optical module 200. Thus, an optical signal from optical
waveguide means 15 is received by the photodiode 4
through which an optical axis 16 of the optical waveguide
means (optical connection part) 15 passes. The FPC 7
has a pad (not shown) for connecting the FPC 7 to a
mother board 17. The FPC 7 can therefore send and
receive an electrical signal to and from the mother board
17. Furthermore, as illustrated in FIG. 12, the optical
module 200 can be attached to the mother board 17 by
bending the FPC 7 at an end portion of the stem 1 such
that the optical axis 16 of the optical waveguide means 15
is in parallel to the mother board 17. It is common to
minimize the mounting space (low height mounting) on
the motherboard 17 in this manner. The optical wave-
guide means (optical connection part) 15 may be formed
of, for example, an optical fiber and a sleeve (receptacle)
for holding the optical fiber, or may be formed by fixing
one or two condenser lenses to a hollow pipe.

[0023] The area of the disc of the stem 1 in the optical
module 200 according to the comparative example of
prior artis generally determined by the number of needed
pins and the sizes of the elements mounted thereon. The
optical module 200 according to the comparative exam-
ple of prior art, therefore, has difficulty in making the
diameter of the stem 1 less than a predetermined size
(for example, 4 mm).

[0024] In addition, when the fifth lead pin 2e serving as
aground pin is welded to the stem 1, the weld part 6 with a
large width is formed around the root of the fifth lead pin
2e. This weld part 6 hinders the stem 1 and the FPC 7
from coming into close contact with each other. The FPC
7, therefore, has to be set away from the stem 1 by the
thickness ofthe weld part 6. This results in deterioration in
a reflection damping amount, and increases in induc-
tances of the respective first and second lead pins 2a, 2b
serving as the signal pins. This causes problems such as
deterioration in high frequency characteristics, and hin-
dranceto anincrease in a transmission speed. Improving
of high frequency characteristics by providing the stem 1
with a hole in which to place the weld part 6 is one of
techniques for solving the problems, but consequently
invites an increase in costs of processing the stem 1.
[0025] Furthermore, heatis dissipated from the optical
module 200 mainly through the ground pin 2e welded to
the stem 1. In this respect, an excessive reduction in the
size of the optical module 200 inevitably leads to an
increase in a heat generation density. The structure of
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the comparative example of prior art which makes the
heat dissipation heavily depend on the ground pin 2e with
a small diameter of approximately 0.4 cannot realize a
sufficient heat dissipation performance. This conse-
quently

invites things such as a decrease in the reliability of the
optical module 200 itself, and causes a problem of hin-
dering the reduction in the size of the optical module 200.
[0026] Optical modules according to the present in-
vention for the purpose of solving the above problems will
be described by referring to multiple embodiments. In the
following descriptions, the same members as described
in the comparative example and embodiments will be
denoted by the same reference signs. In addition, dupli-
cation in descriptions among the comparative example
and embodiments (including explanation of the invention
specific matters and effects brought by the invention) will
be omitted whenever deemed possible, and descriptions
will be provided by focusing on differences among the
comparative example and embodiments.

<First Embodiment>

[0027] Anopticalmodule 100Aillustratedin FIGs. 1Ato
1C is an optical module using a TO-CAN package for
optical reception according to a first embodiment. As
illustrated in FIGs. 1A to 1C, the optical module 100A
includes a stem 1, four lead pins 2a to 2d, glasses 3a to
3d, a photodiode 4 (an element: an optical element), an
amplifier 5 (an element: an electrical element), and an
FPC 7 (a circuit board: a flexible printed circuit board).
The photodiode 4 and the amplifier 5 are disposed prox-
imate to each other.

[0028] There are mainly three differences between the
optical module 100A of the present embodiment and the
optical module 200 of the comparative example of prior
art. First, the optical module 100A does not include the
lead pin 2e serving as the ground pin which the optical
module 200 includes. Second, the stem 1 in the optical
module 100A includes a protrusion 9. Third, the FPC 7
includes a ground connection land 18, and the protrusion
9 is soldered and thereby ground-connected to the
ground

connection land 18.

[0029] Like in the optical module 200 according to the
comparative example of prior art, the FPC 7 is formed in
the shape of a belt which extends in one direction. As
illustrated in FIGs. 1A to 1C, the rear main surface 1b of
the stem 1isin contact (forexample, in close contact) with
a part of the surface of the FPC 7. The FPC 7 further
includes a portion opposite to the protrusion 9 of the stem
1.

[0030] The ground connection land 18 is a ground-
forming land. The ground connection land 18 is formed
ata position opposite to the protrusion 9inthe FPC 7. The
ground connection land 18 can be realized, for example,
by cutting out the protective layer 19 and the reinforce-
ment plate (not shown) at a position where the ground
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connection land 18 is formed and exposing the lower
layer ground 11. Otherwise, the ground connection land
18 can be realized, for example, by providing a through-
hole in the protective layer 19 and the reinforcement plate
(not shown). A solder 8 makes a ground connection with
the stem 1 ata position where the ground connection land
18 is formed.

[0031] The protrusion 9is disposed on a side surface of
the stem 1. The protrusion 9 may be formed integrally
with the disc of the stem 1, for example by press working.
Asillustrated in FIGs. 1A to 1C, the solder 8 serving as an
electrical connection means with the ground connection
land 18 is attached to the protrusion 9.

The protrusion 9 of the present embodiment has a thick-
ness similar to one of the stem 1, but is not limited to this.
[0032] The protrusion 9 can be formed in various
shapes. For example, as illustrated in FIG. 1, the protru-
sion 9 can be formed in a rectangular shape (in the shape
of aquadrangular prism). Instead, the protrusion 9 can be
formed in a triangular shape (in the shape of a triangular
prism), as illustrated in FIG. 2A. Otherwise, a curved
surface may be provided in each boundary between
the protrusion 9 and the main body of the stem 1, as
shown in FIG. 2B.

[0033] Asillustratedin FIG. 1A, the ground connection
land 18 is disposed on the right side of the stem 1 on the
sheet of FIG. 1. The ground connection land 18 may be
disposed anywhere in the circumferential direction of the
stem 1, and outward of the stem 1 (for example, on the
outer edge of the stem 1). A benefit of the arrangement of
the ground connection land 18 outward of the stem 1, for
example on the outer edge of the stem 1, is that the
ground connection land 18 can be easily soldered to the
stem 1. The ground connection land 18 like this makes
the fifth lead pin 2e no longer necessary as the ground
pin. Therefore, the region in which the ground pin is
disposed on the rear main surface 1b of the stem 1
becomes unnecessary, and a diameter of the stem 1
can be designed to be small. As aresult, the entire optical
module 100A can be reduced in size.

[0034] In addition, in the optical module 100A of the
present embodiment, the ground pin is not required, the
weld part 6 (FIG. 10) exiting around the root of the ground
pin also becomes unnecessary. This enables the FPC 7
to come into close contact with the rear main surface 1b of
the stem 1 evenin the region where the weld part 6 exists.
Thus, the high-frequency characteristics can be im-
proved through things such as reductions in inductances
of the first and second lead pins 2a, 2b serving as the
signal pins, and a transmission speed can be increased.
[0035] Furthermore, asillustrated in FIG. 1A, a straight
line segment between the center of the stem 1 and the
center of the ground connection land 18 (a straight line
segment extending in the left-right direction on the sheet
of FIG. 1) is orthogonal to a direction in which the FPC 7 is
drawn out from the stem 1 (see arrows in FIG. 1, and the
direction will be sometimes referred to as a "vertical
direction"). Because of this, when the FPC 7 is mounted
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on the mother board 17 by being bent (see FIG. 12), the
ground connection land 18 does not protrude in the up-
down direction in FIG. 12 (such as from the main body of
the stem 1 to the mother board 17). The vertical dimen-
sion of the optical module 100A can be reduced (low
profile mounting on the mother board 17).

Incidentally, the direction orthogonal to the vertical direc-
tion as illustrated in FIG. 1 will be sometimes referred to
as a "transverse direction." Like in FIG. 1, the arrows
representing the vertical and transverse directions are
drawn as appropriate in other drawings.

[0036] Moreover, the optical module 100A of the pre-
sent embodiment can improve the heat dissipation per-
formance of the stem 1. This is because the ground
connection area between the stem 1 and the FPC 7
can be greatly increased as compared with the compara-
tive example in which the fifth lead pin 2e having a small
diameter is used as the ground pin. This makes it easy to
deal with the increase in the heat dissipation density
accompanied by the size reduction, and accordingly
makes it possible to enhance the reliability of the smal-
ler-sized optical module.

<Second Embodiment>

[0037] An optical module 100B illustrated in FIGs. 3A
and 3B is an optical module using a TO-CAN package for
optical reception according to a second embodiment.
There are mainly three differences between the optical
module 100B of the second embodiment and the optical
module 100A of the first embodiment. First, the photo-
diode 4 is disposed on the amplifier 5. Second, the lead
pins 2a to 2d are positioned so as to surround the am-
plifier 5. The direction of the straight line connecting the
center of the stem 1 and the center of the ground con-
nection land 18 (or the protrusion 9) is the transverse
direction.

[0038] By disposing the photodiode 4 on the amplifier
5, the region in which the photodiode 4 is disposed on the
front main surface 1a of the stem 1 becomes virtually
unnecessary. This makes it possible to minimize the
space needed to mount the components, and to design
the stem 1 with a smaller diameter. Incidentally, as illu-
strated in FIG. 3A, the photodiode 4 and the amplifier 5
are disposed at the center of the front main surface 1a of
the stem 1.

[0039] Inaddition, asillustrated in FIG. 3A, the firstand
second lead pins 2a, 2b for the signals are disposed in the
transverse direction such that a space between them is
large enough for the amplifier 5 to be mounted between
them. Furthermore, the third and fourth lead pins 2c, 2d
for the biases are disposed in the vertical direction such
that a space between them is large enough for the
amplifier 5 to be mounted between them. Incidentally,
the lead pins 2a to 2d may be disposed around the
amplifier 5, no matter where the lead pins 2a to 2d are
disposed in the circumferential direction of the stem 1. By
disposing the lead pins 2a to 2d in this manner, the
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diameter of the stem 1 can be minimized.

[0040] Further, the smaller the diameter of the stem 1
is, the closer the bending position when the FPC 7 is bent
is to the center of the stem 1. Therefore, as shown in FIG.
4, the position near the outer side in the radial direction of
the third lead pin 2c can be set as the bending position of
the FPC 7 (see reference sign B1in FIG. 4). This makes it
possible to reduce the overall size of the optical module
100B, specifically to reduce the height of the optical
module 100B in the vertical direction. Moreover, since
the protrusion 9 is disposed on the side surface of the
stem 1, the protrusion 9 serves as a mark whenthe FPC 7
is assembled. Therefore, by referring to the protrusion 9,
therefore, the manufacturer of the optical module 100B
can easily connect the terminals of the stem 1 and the
FPC 7 without mistake even when the pin arrangement is
centrosymmetric as shown in FIG. 3.

<Third Embodiment>

[0041] An optical module 100C illustrated in FIGs. 5A
and 5B is an optical module using a TO-CAN package for
optical reception of the present embodiment. What
makes the optical module 100C of the present embodi-
ment different from the optical module 100B of the sec-
ond embodiment is mainly that a flat portion is provided at
the outer periphery of the stem 1. In addition, the optical
module 100C is also different from the optical modules
100A, 100B in that: the optical module 100C includes two
ground connection lands 18 disposed with the center of
the stem 1 interposed therebetween, and two protrusions
9 disposed with the center of the stem 1 interposed
therebetween, and the ground connection lands 18 are
provided with solders 8, respectively. Incidentally, the
number of ground connection lands 18 and the number
of protrusions 9 in the optical module 100C, as well as the
positions of the respective ground connection lands 18
and the positions of the respective protrusions 9 in the
circumferential direction of the stem 1 are applicable not
only to the present embodiment but also to other embodi-
ments. Furthermore, as illustrated in FIG. 5A, a trans-
verse width of the FPC 7, except for where the ground
connection lands 18 exist, can be set equal to a trans-
verse width of the stem 1. Such a shape is not limited to
the presentembodiment, and can also be applied to other
embodiments.

[0042] The third and fourth lead pins 2c, 2d for the
biases are disposed in the vertical direction such that a
space between them is large enough for the amplifier 5 to
be mounted between them, as described in the second
embodiment. Thus, considerably large unoccupied
spaces are respectively formed in the two vertical ends
of the stem 1. In a case where no other elements or lead
pins are disposed in the unoccupied spaces, the forming
of the flat parts in the respective two vertical ends of the
stem 1 makes it possible to further reduce the size of the
stem 1. In other words, the stem 1 is formed in such shape
that two portions are cut away from the stem 1 in parallel
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to a straight line connecting the first and second lead pins
2a, 2b for the signals which are disposed in the trans-
verse direction with the amplifier 5 interposed between
them, as well as the ground connection lands 18, 18 and
the protrusions 9, 9 are disposed substantially on this
straight line. The arrangement like this makes it possible
to much further reduce the size of the optical module.
[0043] Characteristic impedances of the first and sec-
ond lead pins 2a, 2b serving as the signal pins are
preferably set to an impedance (for example, 50 Q)
matching an output impedance of the amplifier 5. Mean-
while, impedances of the third and fourth lead pins 2c, 2d
for the biases are preferably set low, since the third and
fourth lead pins 2c, 2d are connected to an external
power supply or the like. Therefore, the glasses 3c, 3d
which insulate the third and fourth lead pins 2c, 2d for the
biases can have a smaller dimension in the radial direc-
tion than the glasses 3a, 3b which insulate the first lead
pin 2a and the second lead pin 2b for the signals.
[0044] With the above situation taken into considera-
tion, as illustrated in FIG. 5A, the first and second lead
pins 2a, 2b for the signals are disposed in the transverse
direction with the amplifier 5 interposed therebetween,
while the third and fourth lead pins 2c, 2d for the biases
are disposed in the vertical direction with the amplifier 5
interposed therebetween. This arrangement makes it
possible to provide the vertical ends of the stem 1 with
respective large unoccupied spaces, and to enlarge the
notched areas at the two vertical ends of the stem 1. In
otherwords, since the stem 1is formed in such shape that
the portions are cut away from the stem 1 in parallel to the
straight line connecting the first and second lead pins 2a,
2b for the signals, the vertical dimension of the stem 1 can
be reduced to a large extent. In addition, since the FPC 7
is formed in such shape that as illustrated in FIG. 5A, an
upper portion is cut away from the FPC 7 corresponding
tothe shape of the stem 1, the height of the optical module
100C can be reduced to a large extent.

[0045] Furthermore, the larger the notched regions at
the two vertical ends of the stem 1, the closer the bent
position whenthe FPC 7 is bentis to the center of the stem
1. Thus, as shown in FIG. 6, the position near the outer
side in the radial direction of the third lead pin 2c can be
set as the bending position of the FPC 7 (see reference
sign C1 in FIG. 6). The bending position indicated with
reference sign C1is closer to the center of the stem 1 than
the bending position (see reference sign B1 in FIG. 4)
shown in the second embodiment. This makes it possible
to further reduce the overall height of the optical module
100C, specifically to reduce the height of the optical
module 100C to two thirds of that of the conventional
example (the comparative example) illustrated in FIG.
12.

[0046] Moreover, since the optical module 100C in-
cludes the two ground connection lands 18, the area in
which to ground-connectthe stem 1 and the FPC 7 can be
increased, and the heat dissipation performance of the
stem 1 can be enhanced further. This makes it easy to
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deal with the increase in the heat dissipation density
accompanied by the size reduction, and accordingly
makes it possible to enhance the reliability of the smal-
ler-sized optical module. Incidentally, the ground connec-
tion lands 18 (and a portion of the FPC supporting the
ground connection lands 18 which is located outside the
circular stem main body) may be formed in any shape, as
long as the shape enables the ground connection lands
18 to be soldered to the protrusions 9 of the stem 1. The
ground connection lands 18 may be formed in various
shapes including not only a rectangular (quadrangular)
one, but also a triangular (triangular prismatic) one which
is the shape of the protrusion 9 exemplified in FIG. 2.

<Fourth Embodiment>

[0047] An optical module 100D illustrated in FIGs. 7A
and 7B is an optical module using a TO-CAN package for
optical transmission according to the present embodi-
ment. There are mainly three differences between the
optical module 100D of the present embodiment and the
optical module of the first embodiment. First, the optical
module 100D includes a VCSEL (Vertical Cavity Surface
Emitting LASER) 30 (alaser diode: an element: an optical
element)whichis alaser diode, instead of the photodiode
4. Second, the optical module 100D has a driver 50 (a
driving circuit: an element: an electrical element) instead
of the amplifier 5. Third, the optical module 100D has
three lead pins in total: a single lead pin 2c for a bias
instead of the two lead pins for the biases, alead pin 2a for
signal input, and a lead pin 2b for inverted signal input.
[0048] The VCSEL 30 resonates light in a direction
perpendicular to the main surface of the stem 1, and
emits an optical signal in the perpendicular direction.
The driver 50 outputs a drive signal in order to make
the VCSEL 30 emit the optical signal.

[0049] Inorderfordifferential signals to be inputted into
the optical module 100D from the outside, a signal input
terminal of the driver 50 is wire-connected to the lead pin
2a, and an inverted signal input terminal of the driver 50 is
wire-connected to the lead pin 2b. In addition, the output
terminals of the driver 50 are wire-connected to the
terminals (anode/cathode) of the VCSEL 30. Thus, the
drive signal is transmitted, and the optical signal is
emitted. Furthermore, by attaching a cap (not shown)
having a light-emitting window or lens to the optical
module 100D, the optical signal transmission is realized.
[0050] The effects of the optical module 100A function-
ing as the optical reception system shown in the first
embodiment is also applied to the optical module 100D
functioning as the optical transmission system shown in
the present embodiment. In other words, although the
optical module functions as the optical transmission sys-
tem, the overall size of the optical module can be re-
duced.
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<Fifth Embodiment>

[0051] An optical module 100E illustrated in FIGs. 8A
and 8B is an optical module using a TO-CAN package for
optical transmission according to a fifth embodiment.
There are three differences between the optical module
100E of the present embodiment and the optical module
100D of the fourth embodiment. First, the VCSEL 30 is
disposed on the driver 50. Second, the lead pins 2ato 2¢
are positioned so as to surround the driver 50. Third, a flat
part is provided at an outer periphery of the stem 1. As
illustrated in FIG. 8A, the VCSEL 30 and the driver 50 are
disposed at the center of the front main surface 1a of the
stem 1.

[0052] The first and second lead pins 2a, 2b for the
signals are disposed in the transverse direction such that
a space between them is large enough for the driver 50 to
be mounted between them. In addition, the single third
lead pin 2c for the bias is disposed under the driver 50 on
the sheet of FIG. 8A. In other words, the lead pins 2ato 2c
are disposed close to the driver. The arrangement of the
lead pins 2a to 2c in this manner makes it possible to
minimize the diameter of the stem 1.

[0053] As illustrated in FIG. 8A, the first and second
lead pins 2a, 2b for the signals are disposed in the
transverse direction with the driver 50 interposed there-
between. Furthermore, the third lead pin 2c for the bias is
disposed under the driver 50 on the sheet of FIG. 8A.
Specifically, the stem 1 is formed in such shape that
portions are cut away from the stem 1 in parallel to a
straight line connecting the first and second lead pins 2a,
2b for the signals. Thus, the vertical dimension of the
stem 1 can be reduced to alarge extent. In addition, since
the FPC 7 is formed in such shape that as illustrated in
FIG. 8A, an upper portion is cut away from the FPC 7
corresponding to the shape of the stem 1, a height of the
optical module 100E can be reduced to a large extent.
[0054] The optical module 100E of the fifth embodi-
ment is substantially the same as the optical module
100D of the fourth embodiment for explaining an optical
transmission system in which the characteristics of the
optical modules of the first to third embodiments for
explaining an optical reception system are introduced.
Therefore, the optical module 100E as an optical trans-
mission system achieves the same effects as the first to
third embodiments, and the optical module 100E can be
reduced in size, particularly in heightin the vertical direc-
tion.

<Sixth Embodiment>

[0055] An optical module 100F illustrated in FIGs. 9A
and 9B is an optical module using a TO-CAN package for
optical transmission of the present embodiment. What
makes the optical module 100F of the sixth embodiment
different from the optical module 100E of the fifth embo-
diment is mainly that the optical module 100F includes a
monitoring photodiode 21 (an element: an optical ele-
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ment) instead of the driver 50. As illustrated in FIG. 9A,
the VCSEL 30 and the monitoring photodiode 21 are
disposed at the center of the front main surface 1a of
the stem 1. Furthermore, the VCSEL 30 is disposed on
the monitoring photodiode 21. Incidentally, the driver is
mounted on the mother board to which the FPC 7 is
connected (not shown).

[0056] The monitoring photodiode 21 receives a light
reflection signal from the cap (not shown) attached to the
optical module 100F, and generates an electric current
corresponding to an optical transmission power from the
VCSEL 30. The electric current is sent to the mother
board via the FPC 7, and is used by the VCSEL 30 for
performing APC (automatic power control) and the like.
Thus, an optical transmission signal can be stabilized.
[0057] The optical module 100F of the sixth embodi-
ment forms an optical transmission system which is
different from that of the optical module 100E of the fifth
embodiment. The optical module 100F includes four lead
pins 2a to 2d in total, two of which are the third and fourth
lead pins 2c, 2d for the biases. The first and second lead
pins 2a, 2b are respectively used to input a signal and an
inverted signal into the VCSEL 30, and are wire-con-
nected to the anode and cathode of the VCSEL 30,
respectively. Furthermore, the third and fourth lead pins
2c, 2d are wire-connected to the anode and cathode of
the monitoring photodiode 21, respectively. Once a drive
signal is transmitted to the VCSEL 30 from the outside,
the VCSEL 30 emits an optical signal in the perpendicular
direction. Moreover, the third and fourth lead pins 2c, 2d
for the biases are disposed in the vertical direction such
as a space between them is large enough for the mon-
itoring photodiode 21 to be mounted between them.
[0058] Although the optical module 100F of the sixth
embodiment constitutes an optical transmission system
different from that of the optical module 100E of the fifth
embodiment, the effects of the fifth embodiment can be
realized. In other words, the optical module 100F of the
sixth embodiment serving as the optical transmission
system can exert all the same effects as the optical
modules of the first to third embodiments, and can
achieve a reduction in the size of the optical module
110E, particularly a reduction in its height in the vertical
direction.

<Seventh Embodiment>

[0059] An optical module 100G illustrated in FIG. 13 is
an optical module using a TO-CAN package for optical
reception of the present embodiment. There are three
differences between the optical module 100G of the
present embodiment and the optical module 100B of
the second embodiment. First, a cap 14 including a
light-incident window or lens is attached to the stem 1.
Second, apart called an optical fiber stub 24 is used as an
optical connection part 15 (see FIG. 4). Third, the optical
fiber stub 24 is aligned with and fixed to the cap 14. The
optical fiber stub 24 is a part comprising an optical fiber
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strand 24a and a cylindrical ceramic 24b. It is preferable
that the optical fiber stub 24 is formed as a part obtained
by: making a hole, having substantially the same dia-
meter as the optical fiber strand 24a, at the center of the
cylindrical ceramic 24b excellent in mechanical strength;
making the optical fiber strand 24a penetrate through the
hole; and thereafter optically polishing the two ends of the
optical fiber strand 24a.

[0060] In the present embodiment, YAG (Yttrium Alu-
minum Garnet) laser welding is used to align and fix the
optical fiber stub 24. To this end, a part obtained by
integrally fixing a cylindrical metal-made flange 22 (an
aligning-fixing part) to the optical fiber stub 24 in advance
is held by an X-Y two-axis stage (not shown). The metal-
made flange 22 is a member for aligning the optical fiber
stub 24 with the cap 14 and fixing the optical fiber stub 24
to the cap 14. The X-Y two-axis stage is a jig for aligning
the optical fiber stub 24 with the cap 14 and fixing the
optical fiber stub 24 to the cap 14 by the metal made
flange 22 with respect to the vertical direction (X) and the
transverse direction (Y). Using the X-Y two-axis stage,
peak alignment is performed on the light emitted from the
cap 14 on a horizontal plane (an X-Y plane). When a peak
position is obtained, the metal-made flange 22 is fixed to
the cap 14 by YAG laser welding. Incidentally, the fixing of
the metal-made flange 22 to the optical fiber stub 24 may
be performed, for example, by using an epoxy-based
adhesive, or by swaging the metal-made flange 22.
The X-Y two-axis alignment of the optical fiber stub 24
is realized by the above steps.

[0061] In order to achieve more efficient optical cou-
pling, as shown in FIG. 13, by additionally disposing a
cylindrical metal part called a Z-sleeve 23 (an aligning-
fixing part) on the outer periphery of the metal-made
flange 22, an X-Y-Z three-axis alignment is also possible.
"Z" represents a direction which is perpendicular to the X-
Y plane, and which is identical to the direction of the
optical axis 16. The Z-sleeve 23 is a member for, while
fixed to the metal-made flange 22, aligning the optical
fiber stub 24 with the cap 14 and fixing the optical fiber
stub 24 to the cap 14. The fixing of the Z-sleeve 23 to the
metal-made flange 22 may be performed, for example, by
using an epoxy-based adhesive, or by swaging the Z-
sleeve 23.

[0062] The X-Y-Z three-axis alignment can be
achieved with the optical fiber stub 24 held by an X-Y-Z
three-axis stage (not shown). The X-Y-Z three-axis stage
is a jig for aligning the optical fiber stub 24 with the cap 14
and fixing the optical fiber stub 24 to the cap 14 with
regard to the vertical direction (X), the transverse direc-
tion (Y) and the perpendicular direction (Z) with the metal-
made flange 22 and Z-sleeve 23. Using the X-Y-Z three-
axis stage, peak alignment is performed on the light
emitted from the cap 14. Once a peak position is ob-
tained, the metal-made flange 22 is fixed to the cap 14 by
YAG laser welding.

[0063] Otherwise, the X-Y-Z three-axis alignment can
be achieved, too, by coordinately operating the X-Y stage
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with the optical fiber stub 24 held thereby, and a Z stage
(not shown) with the stem 1 held thereby while the cap 14
is fixed to the stem 1. Either of the two alignment methods
can be used. The Z stage is a jig for aligning the optical
fiber stub 24 with the cap 14 and fixing the optical fiber
stub 24 to the cap 14 with respectto the direction (Z) of the
optical axis 16. Thus, the photodiode 4 through which the
optical axis 16 of the optical fiber stub 24 passes receives
the optical signal inputted from the optical fiber stub 24
with a very high optical coupling rate.

[0064] The FPC 7 includes a pad (not shown) for con-
necting the FPC 7 to the mother board 17. The FPC 7 can
therefore send and receive an electrical signal to and
from the mother board 17. Since the optical IF (Interface)
of the optical module 100G of the present embodiment
becomes the optical fiber stub 24, it is necessary to
provide a receptacle to an apparatus or the like on the
other side. This means the configuration of the optical
module 100G of the seventh embodiment is to the re-
verse of the configuration of the optical module disclosed
in Patent Literature 1. However, according to the config-
uration of the optical module 100G of the present embo-
diment, since the optical module 100G itself does not
have a receptacle, the optical module 100G can be
miniaturized and reduced in height. As a result, the
optical module 100G of the present embodiment can
be miniaturized to a size smaller than that of the recep-
tacle.

[0065] Althoughthe mating device orthe like, which the
optical module 100G is optically connected to, is required
to include a receptacle, the mating device has a higher
degree of freedom in the design since the mating device
is formed from only passive parts. Overall, reductions in
the size and height can be easily achieved. The effect of
reducing the size is more obvious in an array configura-
tion and the like using multiple optical modules 100G.

<Modifications>

[0066] The presentinvention is not limited to the fore-
going embodiments. Modifications can be made to the
present invention within a scope not departing from the
scope of the present invention as defined by the ap-
pended claims. Examples of modifications include the
followings (a) to (i).

(a) According to the claimed invention, the case
where the stem 1 is provided with the projection 9
has been described, but in examples not encom-
passed by the wording of the claims it is also possible
to adopt a stem in which the projection 9 is not
provided, and to solder (ground connection) the
ground connection land 18 of the FPC 7 and the side
surface of the main body part of the stem.

(b) The laser diode used in the present embodiments
is not limited to the VCSEL 30, and may be a DFB
(Distributed FeedBack) laser diode or other laser
diode. Otherwise, a light-emitting diode may be
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used.

(c) According to the claimed invention, the case
where the FPC 7 is applied as a substrate has been
described, but the present teaching can be applied
not only to the FPC 7 but also to a rigid substrate.
(d) The stem 1 is not limited to the disc-shaped body.
The stem 1 may be a rectangular body, an elliptical
body or the like. Alternatively, the stem 1 may be
formed with an arc part. Otherwise, the arc part may
be formed in such shape that portions of the arc part
are cutaway in parallel to the straight line connecting
the first and second lead pins 2a, 2b.

(e) Means for electrically connecting the ground
connection land 18 and the protrusion 9 of the stem
1 is not limited to solder, and may be a conductive
resin or the like.

(f) According to the fifth embodiment, the third lead
pin 2cis disposed close to and under the driver 50 on
the sheet of FIG. 8A. Thus, the considerably large
unoccupied space is formed over the driver 50. The
vertical dimension of the stem 1 can be therefore
reduced to a large extent by forming the stem 1 in
such shape that most of the unoccupied space is cut
away.

(g) According to the fifth embodiment, the third lead
pin 2c is disposed below the driver 50. Instead,
however, the third lead pin 2c may be disposed
above the driver 50. Thus, a considerably large un-
occupied space is formed below the driver 50. The
vertical dimension of the stem 1 can be therefore
reduced to a large extent by forming the stem 1 in
such shape that most of the unoccupied space is cut
away. In addition, when the FPC 7 with which the
stem 1 is put in close contact is mounted onto the
mother board 17 by being bent, the bending position
where to bend the FPC 7 can be made closer to the
center of the stem 1. Thus, the overall size of the
optical module 100E can be reduced. Specifically,
the vertical height of the optical module 100E can be
reduced.

(h) Although the seventh embodiment in which the
integral part formed from the optical fiber strand 24a
and the cylindrical ceramic 24b is used as the optical
fiber stub 24 has been discussed, the shape of the
cylindrical ceramic 24b is not limited to the cylindrical
one, and may be an angled one or otherone. Further-
more, the material of the cylindrical ceramic 24b is
not limited to ceramic, and may be metal or plastic.
Moreover, the reducing of the size of the optical
module 100G discussed in the seventh embodiment
can be performed independently of the reducing of
the sizes of the optical modules by designing the
stems 1 with the small diameter which have been
discussed in the first to sixth embodiments. The size
reduction achieved in the seventh embodiment,
therefore, can be combined with the size reductions
achieved in the first to sixth embodiments.

(i) According to the claimed invention, the ground
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connection land 18 is disposed such that the direc-
tion of the straight line segment between the center
ofthe stem 1 and the center of the ground connection
land 18 is orthogonal to the direction in which the
FPC 7 is drawn out from the stem 1. The position of
the ground connection land 18, however, is not lim-
ited to this. The ground connection land 18 may be
disposed, for example, at an arbitrary position within
a range not exceeding the two vertical ends of the
stem 1. Even this arrangement makes it possible to
mount the FPC 7 onto the mother board 17 with a
reduced height since the ground connection land 18
does not project from the main body part of the stem 1
toward the mother board 17.

[0067] According to the claimed invention, the stem 1
and the ground connection land 18 are connected to each
other by the protrusion 9, but as in the modification (a), the
stem 1 and the ground connection land 18 may be directly
connected to each other.

The ground connection land 18 may be provided near the
connection part, and is not limited to the outer edge or the
outer side of the stem 1.

[0068] Furthermore, techniques obtained by combin-
ing the various techniques discussed in the embodiments
can be realized.

In addition, the shapes, materials and functions of the
components of the present invention can be appropri-
ately changed within the scope not departing from the
scope of the present invention as defined by the ap-
pended claims.

Reference Signs List
[0069]

100A to 100G optical module

1 stem

1a front main surface (first main surface)

1b rear main surface (second main surface)
2a, 2b lead pin (signal pin)

2c, 2d lead pin (bias pin)

2e lead pin (ground pin for grounding)

3a to 3d glass (insulated material)

4 photodiode (element: optical element)

5 amplifier (element: electrical element)

6 weld part, bead

7 FPC (circuit board: flexible printed circuit board)
8, 8a to 8d solder

9 protrusion

10 dielectric

11 lower layer ground

12 upper layer wire

14 cap

15 optical waveguide means (optical connection
part)

16 optical axis

17 mother board
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18 ground connection land

19 protective layer

20a to 20d through-hole

21 monitoring photodiode (element: optical element)
22 (YAG welding) metal-made flange (aligning-fixing
part)

23 Z-sleeve (aligning-fixing part)

24 optical fiber stub

24a optical fiber strand

24b cylindrical ceramic

30 VCSEL (laser diode: element: optical element)
40a to 40e land

50 driver (driving circuit: element: electrical element)
200 optical module

Claims

1.

An optical module (100G) comprising:

a stem (1);

alead pin (2a-d) extending through the stem (1);
an insulated material (3a-d) filled between the
stem (1) and the lead pin (2a-d);

an element (4, 5, 21, 30, 50) disposed on a first
main surface (1a) of the stem (1) and connected
to the lead pin (2a-d);

a flexible printed circuit board (7) in contact with
a second main surface (1b) of the stem (1);

a cap (14) attachable to the stem (1);

an optical fiber stub (24); and

the flexible printed circuit board (7) including a
ground connection land (18) directly connected
to the stem (1);

characterized by

an aligning-fixing part (22, 23) which aligns the
optical fiber stub (24) with the cap (14) and fixes
the optical fiber stub (24) to the cap (14);

a straight line segment between a center of the
stem (1) and a center of the ground connection
land (18) being substantially orthogonal to a
direction in which the flexible printed circuit
board (7) is drawn out from the stem (1); and
the stem (1) including a protrusion (9) on a side
surface of the stem (1), the protrusion (9) being
opposite to the ground connection land (18).

2. The optical module (100G) according to claim 1:

wherein the elementincludes an optical element
(4, 21, 30) and an electrical element (5, 50); and
the optical element (4, 21, 30) is disposed on the
electrical element (5, 50).

3. The optical module (100G) according to any one of

the previous claims:

wherein the lead pin (2a-d) includes two signal
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4.

10.

pins (2a, 2b); and

the two signal pins (2a, 2b) are disposed sub-
stantially on a straight line connecting the center
of the stem (1) and the center of the ground
connection land (18), and symmetrically with
respect to the center of the stem (1).

The optical module (100G) according to claim 3:

wherein the stem (1) is formed with an arc part;
and

the arc part is formed in such shape that a
portion of the arc part is cut away in substantially
parallel to a straight line connecting the two
signal pins (2a, 2b).

The optical module (100G) according to any one of
the previous claims:

wherein the optical module (100G) includes two or
more of ground connection lands (18), and two or
more of protrusions (9) corresponding to the ground
connection lands (18).

The optical module (100G) according to any one of
the previous claims:

wherein the elementincludes a photodiode (4,21) as
an optical element, and the element includes an
amplifier (5) as an electrical element.

The optical module (100G) according to any one of
the previous claims:

wherein the element includes a laser diode (30) or a
light-emitting diode as an optical element, and the
element includes a driver (50) as an electrical ele-
ment.

The optical module (100G) according to any one of
the previous claims:

wherein the optical module (100G) includes two or
more of ground connection lands (18).

The optical module (100G) according to any one of
the previous claims:

wherein elements (4, 5) are disposed proximate to
each other.

The optical module (100G) according to any one of
the previous claims:

wherein the optical fiber stub (24) comprises an
optical fiber strand (24a) and a cylindrical cera-
mic (24b);

wherein preferably, the optical fiber stub (24) is
formed as a part obtained by: making a hole,
having substantially the same diameter as the
optical fiber strand (24a), at the center of the
cylindrical ceramic (24b); making the optical
fiber strand (24a) penetrate through the hole;
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and thereafter optically polishing the two ends of
the optical fiber strand (24a).

Patentanspriiche

1.

Ein optisches Modul (100G) umfassend:

einen Stamm (1);

einen Leitstift (2a-d), der sich durch den Stamm
(1) erstreckt;

ein Isoliermaterial (3a-d), das zwischen dem
Stamm (1) und dem Leitstift (2a-d) eingefillt ist;
ein Element (4, 5, 21, 30, 50), das auf einer
ersten Hauptoberflache (1a) des Stammes (1)
angeordnet und mit dem Leitstift (2a-d) verbun-
den ist;

eine flexible Leiterplatte (7), die mit einer zwei-
ten Hauptoberflache (1b) des Stammes (1) in
Kontakt steht;

eine Kappe (14), die an dem Stamm (1) befes-
tigbar ist;

einen Lichtwellenleiter-Stummel (24); und
wobei die flexible Leiterplatte (7) eine direkt mit
dem Stamm (1) verbundene Masseanschluss-
flache (18) aufweist;

gekennzeichnet durch

ein Ausrichtungs- und Befestigungsteil (22, 23),
das den Lichtwellenleiter-Stummel (24) mit der
Kappe (14) ausrichtet und den Lichtwellenleiter-
Stummel (24) an der Kappe (14) befestigt;

ein gerades Liniensegment zwischen einer Mit-
te des Stammes (1) und einer Mitte der Masse-
anschlussflache (18), das im Wesentlichen or-
thogonal zu einer Richtung ist, in der die flexible
Leiterplatte (7) aus dem Stamm (1) herausge-
zogen ist; und

wobei der Stamm (1) einen Vorsprung (9) auf
einer Seitenflaiche des Stammes (1) aufweist,
wobei der Vorsprung (9) der Masseanschluss-
flache (18) gegenuberliegt.

2. Das optische Modul (100G) nach Anspruch 1:

wobei das Element ein optisches Element (4,
21, 30) und ein elektrisches Element (5, 50)
umfasst; und

das optische Element (4, 21, 30) auf dem elekt-
rischen Element (5, 50) angeordnet ist.

3. Das optische Modul (100G) nach einem der vorher-

gehenden Anspruche:

wobei der Leitstift (2a-d) zwei Signalstifte (2a,
2b) aufweist; und

die beiden Signalstifte (2a, 2b) im Wesentlichen
auf einer geraden Linie angeordnet sind,

die die Mitte des Stammes (1) und die Mitte der
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4.

10.

Masseanschlussflache (18) verbindet,
und zwar symmetrisch in Bezug auf die Mitte des
Stammes (1).

Das optische Modul (100G) nach Anspruch 3:

wobei der Stamm (1) mit einem bogenférmigen
Teil ausgebildet ist; und

das Bogenteil so geformt ist, dass ein Abschnitt
des Bogenteils im Wesentlichen parallel zu ei-
ner geraden Linie, die die beiden Signalstifte
(2a, 2b) verbindet, weggeschnitten ist.

Das optische Modul (100G) nach einem der vorher-
gehenden Anspriche, wobei das optische Modul
(100G) zwei oder mehr Masseanschlussflachen
(18) und zwei oder mehr Vorspringe (9) aufweist,
die den Masseanschlussflachen (18) entsprechen.

Das optische Modul (100G) nach einem der vorher-
gehenden Anspriche, wobei das Element eine Pho-
todiode (4, 21) als ein optisches Element und das
Element einen Verstarker (5) als ein elektrisches
Element umfasst.

Das optische Modul (100G) nach einem der vorher-
gehenden Anspriche, wobei das Element eine La-
serdiode (30) oder eine lichtemittierende Diode als
optisches Element und das Element einen Treiber
(50) als elektrisches Element umfasst.

Das optische Modul (100G) nach einem der vorher-
gehenden Anspriche, wobei das optische Modul
(100G) zwei oder mehr Masseanschlussflachen
(18) aufweist.

Das optische Modul (100G) nach einem der vorher-
gehenden Anspriiche, wobei die Elemente (4, 5)
nahe beieinander angeordnet sind.

Das optische Modul (100G) nach einem der vorher-
gehenden Anspriiche:

wobei der Lichtwellenleiter-Stummel (24) einen
Lichtwellenleiter-Strang (24a) und eine zylindri-
sche Keramik (24b) umfasst;

wobei vorzugsweise der Lichtwellenleiter-
Stummel (24) als ein Teil gebildet ist, das er-
halten wird durch: Herstellen eines Lochs, das
im Wesentlichen den gleichen Durchmesser wie
der Lichtwellenleiter-Strang (24a) hat, in der
Mitte der zylindrischen Keramik (24b); Durch-
dringen des Lichtwellenleiter-Strangs (24a)
durch das Loch; und

anschlieRendes optisches Polieren der beiden
Enden des Lichtwellenleiter-Strangs (24a).
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Revendications

1.

2,

3.

4,

Un module optique (100G) comprenant :

un tronc (1) ;

une broche conductrice (2a-d) s’étendant a tra-
vers le tronc (1) ;

un matériau isolant (3a-d) rempli entre le tronc
(1) et la broche conductrice (2a-d) ;

un élément (4, 5, 21, 30, 50) disposé sur une
premiére surface principale (1a) du tronc (1) et
connecté a la broche conductrice (2a-d) ;

une carte de circuit imprimé flexible (7) en
contact avec une deuxiéme surface principale
(1b) du tronc (1) ;

un capuchon (14) pouvant étre fixé au tronc (1) ;
un trongon de fibre optique (24) ; et

la carte de circuit imprimé flexible (7) compre-
nant une surface de connexion de masse (18)
directement connectée au tronc (1) ;
caractérisé par

une partie d’alignement et de fixation (22, 23) qui
aligne le trongon de fibre optique (24) avec le
capuchon (14) et fixe le trongon de fibre optique
(24) au capuchon (14) ;

un segment de ligne droite entre un centre du
tronc (1) et un centre de la surface de connexion
de masse (18) étant sensiblement orthogonal a
la direction dans laquelle la carte de circuit im-
primé flexible (7) est retirée du tronc (1) ; et

le tronc (1) comprenant une saillie (9) sur une
surface latérale du tronc (1), la saillie (9) étant
opposée a la surface de connexion de masse
(18).

Le module optique (100G) selon la revendication 1 :

dans lequel 'élément comprend un élément
optique (4, 21, 30) et un élément électrique (5,
50) ; et

I'élément optique (4, 21, 30) est disposé sur
I'élément électrique (5, 50).

Le module optique (100G) selon 'une quelconque
des revendications précédentes :

dans lequel la broche conductrice (2a-d)
comprend deux broches de signal (2a, 2b) ; et
les deux broches de signal (2a, 2b) sont dispo-
sées sensiblement sur une ligne droite reliant le
centre du tronc (1) et le centre de la surface de
connexion de masse (18), et

symétriquement par rapport au centre du tronc

(1)
Le module optique (100G) selon la revendication 3 :

dans lequel le tronc (1) est formée avec une
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10.

partie arquée ; et

la partie arquée est formée de telle maniére
qu’une partie de la partie arquée est découpée
de maniére sensiblement paralléle a une ligne
droite reliant les deux broches de signal (2a, 2b).

Le module optique (100G) selon I'une quelconque
des revendications précédentes, dans lequel le mo-
dule optique (100G) comprend deux ou plusieurs
surfaces de connexion de masse (18) et deux ou
plusieurs saillies (9) correspondant aux surfaces de
connexion de masse (18).

Le module optique (100G) selon I'une quelconque
des revendications précédentes, dans lequel I'élé-
ment comprend une photodiode (4, 21) en tant qu’é-
Iément optique, et I'élément comprend un amplifica-
teur (5) en tant qu’élément électrique.

Le module optique (100G) selon I'une quelconque
des revendications précédentes, dans lequel I'élé-
ment comprend une diode laser (30) ou une diode
électroluminescente en tant qu’élément optique, et
I’élément comprend un pilote (50) en tantqu’élément
électrique.

Le module optique (100G) selon I'une quelconque
des revendications précédentes, dans lequel le mo-
dule optique (100G) comprend deux ou plusieurs
surfaces de connexion de masse (18).

Le module optique (100G) selon I'une quelconque
des revendications précédentes, dans lequel les
éléments (4, 5) sont disposés a proximité les uns
des autres.

Le module optique (100G) selon 'une quelconque
des revendications précédentes :

dans lequel le trongon de fibre optique (24)
comprend un brin de fibre optique (24a) et
une céramique cylindrique (24b) ;

dans lequel, de préférence, le trongon de fibre
optique (24) est formé comme une piece obte-
nue en : réalisant un trou, ayant sensiblement le
méme diamétre que le brin de fibre optique
(24a), au centre de la céramique cylindrique
(24b) ; faisant pénétrer le brin de fibre optique
(24a) a travers le trou ; et ensuite en polissant
optiquement les deux extrémités du brin de fibre
optique (24a).
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Vertical Direction

FIG. 8A

Vertical Direction

FIG. 8B

Transverse Direction
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