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(54) Semiconductor laser module

(57) A semiconductor laser module which enables
reliability to be improved while preventing defect that
when solder bonds the substrate mounting the semi-
conductor laser to the electronic cooler, flowing solder
flows into the electronic cooler, thus the electronic
cooler does not function caused by the short circuit.
There is provided a cylindrical insulator made of ceram-
ics such as forsterite and so forth for surrounding an
electronic cooling element on an upper-surface sub-
strate and a lower-surface substrate which put the elec-
tronic cooling element therebetween. It prevents the
defect that excessive solder flows into the electronic
cooling element in the case where the lower-surface
substrate is soldered to the module package, or when a
substrate mounting the semiconductor laser is soldered
to the upper-surface substrate.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a semicon-
ductor laser module. More to particularly, this invention
relates to a semiconductor laser module which is pro-
vided with an electronic cooler for cooling a semicon-
ductor laser.

Description of the Prior Art

[0002] The semiconductor laser module is used
widely as signal light source which is used for an optical
fiber transmission device and so forth. The transmission
device using the optical fiber tends to be miniaturized
and to have high reliability. Various kinds of parts such
as the semiconductor laser module and so forth which
are integrated in a circuit substrate of the transmission
device described-above are also required similarly to
have property of high reliability and miniaturization.
[0003] Here, there is described a structure of con-
ventional semiconductor laser module referring to Fig.
1. Fig. 1 is a cross sectional view observed from the
side of conventional semiconductor laser module. One
end of an optical fiber 12 for transmitting optical signal is
contained in one side wall of a module package 11 of
the semiconductor laser module 30. An electronic
cooler 33 is arranged on the inside bottom of the mod-
ule package 11. The semiconductor laser 15 and a lens
16 which causes light beam emitted from the semicon-
ductor laser to be optically combined with the optical
fiber 12 are arranged on the electronic cooler 33
through a substrate 14.
[0004] In the semiconductor laser module 30, the
substrate 14 and the electronic cooler 33 which are
arranged on the semiconductor laser 15 are miniatur-
ized to the limit that semiconductor laser 15 is capable
of being cooled to the required temperature. However, it
is necessary to increase coupling intensity of solder
while securing largely solder coupling surface between
the electronic cooler 33 and the substrate 14 for the
sake of improvement of cooling efficiency of the semi-
conductor laser 15 and achievement of high reliability
for solder coupling part.
[0005] Thus, it is necessary to enlarge coupling sur-
face while causing shape of the substrate 14 to be
about the same shape as that of the electronic cooler 33
in order to achieve high reliability and miniaturization of
the semiconductor laser module 30. However, at the
time of fixing by solder between top-surface of the elec-
tronic cooler 33 and undersurface of the substrate 14,
the solder flowing from gap between the top-surface of
the cooler 33 and the undersurface of the substrate 14
becomes easy to flow into the electronic cooler caused
by scrubbing work of solder and so forth so that there
occurs problem that the electronic cooler 33 does not
function because of suffering from short circuit.

SUMMARY OF THE INVENTION

[0006] In view of the foregoing, it is an object of the
present invention, in order to overcome the above-men-
tioned problem to provide a semiconductor laser mod-
ule which enables reliability to be improved while
preventing defect that when solder bonds the substrate
mounting the semiconductor laser to the electronic
cooler, flowing excessive solder flows into the electronic
cooler, thus the electronic cooler does not function
caused by the short circuit.
[0007] According to a first aspect of the present
invention, in order to achieve the above-mentioned
object, there is provided an electronic cooler for cooling
a cooled member in such a way that there are provided
substrates so as to put an electronic cooling element
therebetween while coupling the cooled member to the
substrates by solder, wherein there is provided a cylin-
drical member surrounding the electronic cooling ele-
ment for the substrates mounted on the electronic
cooling element, such that, at the time of coupling,
excessive solder does not flow into the electronic cool-
ing element.
[0008] According to a second aspect, in the first
aspect, there is provided an electronic cooler, wherein
the cylindrical member is made of ceramics.
[0009] According to a third aspect of the present
invention, there is provided a semiconductor laser mod-
ule which cools a semiconductor laser mounted on a
substrate by an electronic cooler consisting of an elec-
tronic cooling element and an upper plate and a lower
plate arranged so as to put the electronic cooling ele-
ment therebetween, provides a cylindrical insulating
member surrounding at least a part of the electronic
cooling element on at least either the upper plate or the
lower plate.
[0010] According to a fourth aspect of the present
invention, there is provided a semiconductor laser mod-
ule which cools a semiconductor laser mounted on a
substrate by an electronic cooler consisting of an elec-
tronic cooling element and an upper plate and a lower
plate arranged so as to put the electronic cooling ele-
ment therebetween, provides a cylindrical insulating
member for covering the electronic cooling element
between the upper plate and the lower plate.
[0011] According to a fifth aspect of the present
invention, in the third or fourth aspects, there is provided
a semiconductor laser module, wherein the cylindrical
insulating member is made of ceramics.
[0012] According to a sixth aspect of the present
invention, in the third or fourth aspect, there is provided
a semiconductor laser module, wherein the cylindrical
insulating member is made of forsterite.
[0013] As described above, according to the above
described constitution, the present invention is capable
of facilitating manufacturing method of the semiconduc-
tor laser module, because it is capable of avoiding short
circuit of the electronic cooling element while preventing
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solder from flowing into the electronic cooling element
at the time of fixing of the electronic cooler and the sub-
strate by solder.

[0014] The above and further objects and novel fea-
tures of the invention will be more fully understood from
the following detailed description when the same is read
in connection with the accompanying drawings. It
should be expressly understood, however, that the
drawings are for purpose of illustration only and are not
intended as a definition of the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a side cross sectional view for explaining
conventional semiconductor laser module;
Fig. 2 is a perspective view for explaining structure
of the semiconductor laser module according to a
first embodiment of the present invention;
Fig. 3 is a side cross sectional view for explaining
the semiconductor laser module according to the
first embodiment of the present invention;
Fig. 4 is a top plan view for explaining the semicon-
ductor laser module according to the first embodi-
ment of the present invention; and
Fig. 5 is a side cross sectional view for explaining a
semiconductor laser module according to a second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] In a configuration of one enforcement, a
semiconductor laser module according to the present
invention is provided with a cylindrical insulator made of
ceramics such as forsterite for surrounding electronic
cooling element on a upper-surface substrate and on a
lower-surface substrate, which the electronic cooling
element intervenes therebetween. Thus the cylindrical
insulator prevents defect that excessive solder flows
into the electronic cooling element, when the lower-sur-
face substrate is soldered to the module package, or
when a substrate on which the semiconductor laser is
mounted is soldered to the top-surface substrate.
[0017] Preferred embodiments of the present inven-
tion will be described in detail in accordance with the
accompanying drawings.

[FIRST EMBODIMENT]

[0018] There will be described a first embodiment
of the present invention referring to Figs. 2 to 4. Fig. 2 is
a perspective view for explaining structure of a semicon-
ductor laser module according to the first embodiment
of the present invention. Fig. 3 is a cross sectional view
along A-A surface of Fig. 2. Fig. 4 is a cross sectional
view along B-B surface of Fig. 2.

[0019] Firstly, there will be described a structure of
the semiconductor laser module according to the first
embodiment referring to Figs. 2 to 4. One end of an opti-
cal fiber 12 for transmitting optical signal is fixed to one
side wall of a module package 11 of a semiconductor
laser module 10 by YAG-welding. An electronic cooler
13 consisting of an electronic cooling element 13M con-
stituted by Peltier-element and so forth, and an upper-
surface substrate 13U and a lower-surface substrate
13D is fixed by solder on inside bottom of a module
package 11. A cylindrical insulator 13C made of the
quality of the material of ceramics and so forth such as
forsterite and so forth with small thermal conductivity is
fixed to the upper-surface substrate 13U and the lower-
surface substrate 13D at the circumference of the elec-
tronic cooling element 13M so as to surround the elec-
tronic cooling element 13M. Furthermore, the insulator
13C which is fixed to undersurface of the upper-surface
substrate 13U of the electronic cooler 13 does not come
into contact with the insulator 13C which is fixed to top-
surface of the lower-surface substrate 13D.

[0020] Further, a substrate 14 made of metallic
plate is fixed to top-surface of the electronic cooler 13 by
solder. A semiconductor laser 15 is fixed to top-surface
of the substrate 14 by solder. A fixed position of the opti-
cal fiber 12 is set beforehand in such a way that optic
axis of the optical fiber 12 agrees with height of emis-
sion part of the semiconductor laser 15. A lens 16 is
fixed to the top-surface of the substrate 14 by YAG-
welding.
[0021] In such the constitution of the semiconductor
laser module 10, the semiconductor laser 15 is optically
coupled to the optical fiber 12 by the lens 16. The sem-
iconductor laser module 10 has structure that heat gen-
erated at the semiconductor laser 15 is radiated by the
electronic cooler 13 through the substrate 14, by virtue
thereof, temperature of the semiconductor laser 15 is
kept during required temperature limit.
[0022] In the semiconductor laser module 10 of the
present embodiment, at outer periphery of the elec-
tronic cooling element 13M, there are provided the
cylindrical insulators 13C for undersurface of the upper-
surface substrate 13U of the electronic cooler 13 and
top-surface of the lower-surface substrate 13D respec-
tively. It is, therefore, capable of preventing defect that
excessive solder flows into the electronic cooling ele-
ment 13M when the electronic cooler 13 is fixed to the
substrate 14 by solder, and when the electronic cooler
13 is fixed to the module package 11 by solder. Thus it
is capable of being avoided that the electronic cooling
element 13M undergoes short circuit by the solder.
Consequently, it is capable of facilitating manufacturing
process of the semiconductor laser module 10, and of
preventing occurrence of inferior goods.
[0023] Further, in the present embodiment, there is
described cylindrical structure made of the quality of
material such as ceramics with small thermal conductiv-
ity as the insulator 13C which is fixed on the undersur-
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face of the upper-surface substrate 13U and on the top-
surface of the lower-surface substrate 13D by solder.
However, the present invention is not restricted by the
above-mentioned embodiment. Shape and thickness of
the insulator 13C are capable of being changed appro-
priately according to shape of the upper-surface sub-
strate 13U of the electronic cooler 13, the lower-surface
substrate 13D, and the electronic cooling element 13M.
The ceramics and so forth with small thermal conductiv-
ity such as forsterite and so forth are appropriate for the
quality of material of the insulator 13C. However, it is
capable of changing the quality of material of the insula-
tor 13C in accordance with required cooling ability.

[SECOND EMBODIMENT]

[0024] Next, there will be explained a semiconduc-
tor laser module according to a second embodiment of
the present invention referring to Fig. 5. Fig. 5 is a side
cross sectional view showing structure of the semicon-
ductor laser module according to the second embodi-
ment of the present invention. Further, in the present
embodiment, there is described the case where the
insulator mounted on outer side of the electronic cooling
element has different shape from the first embodiment
described-above.
[0025] A fundamental constitution of the semicon-
ductor laser module according to the present embodi-
ment is the same as that of the first embodiment. One
end of an optical fiber 12 for transmitting optical signal is
fixed to one side wall of a module package 11 of a sem-
iconductor laser module 20 by YAG-welding. An elec-
tronic cooler 23 consisting of an electronic cooling
element 23M constituted by Peltier-element and so
forth, and an upper-surface substrate 23U and a lower-
surface substrate 23D are fixed by solder on inside bot-
tom of a module package 11. Further a substrate 14
made of metallic plate is fixed to top-surface of the elec-
tronic cooler 23 by solder. A semiconductor laser 15 is
fixed to the substrate 14 by solder.
[0026] A fixed position of the optical fiber 12 is set
beforehand in such a way that optic axis of the optical
fiber 12 agrees with height of emission part of the sem-
iconductor laser 15. A lens 16 is fixed to the top-surface
of the substrate 14 by YAG-welding. In such the consti-
tution of the semiconductor laser module 10, the semi-
conductor laser 15 is optically coupled to the optical
fiber 12 by the lens 16. Further, the semiconductor laser
module 10 has structure that heat generated at the
semiconductor laser 15 is radiated by the electronic
cooler 13 through the substrate 14, by virtue thereof,
temperature of the semiconductor laser 15 is kept dur-
ing required temperature limit.
[0027] As shown in Fig. 5, the semiconductor laser
module 20 of the present embodiment has the constitu-
tion that the insulator 23C which is coupled to be inte-
grated two insulators 13C in the first embodiment
described above is fixed to undersurface of the upper-

surface substrate 23U and top-surface of the lower-sur-
face substrate 23D, so that the electronic cooling ele-
ment 13M is surrounded completely by the insulator
23C, the upper-surface substrate 23U, and the lower-
surface substrate 23D.

[0028] In such the structure of the semiconductor
laser module 20, the upper-surface substrate 23U of the
electronic cooler 23 is coupled to the lower-surface sub-
strate 23D through the insulator 23C, thereby, cooling
ability of the module is inferior in comparison with the
semiconductor laser module 10 according to the first
embodiment described-above. However, there is the
merit that it is capable of preventing completely the sol-
der from flowing into the electronic cooling element 13M
at the time of soldering. Thus, it is capable of using this
semiconductor laser module in answer to required cool-
ing ability.
[0029] Furthermore, in the semiconductor laser
module 20 of the structure of the present embodiment,
it is capable of being avoided the defect that the elec-
tronic cooling element 23M undergoes short circuit by
the solder. Consequently, it is capable of facilitating
manufacturing process of the semiconductor laser mod-
ule 20, similar to the semiconductor laser module 10 of
the first embodiment described above.
[0030] As described above, according to the
present invention, in the electronic cooler to be constitu-
tion part of the semiconductor laser module, there is
provided the cylindrical insulator so as to surround the
electronic cooling element, made of ceramics and so
forth with small thermal conductivity such as forsterite
and so forth, for the upper-surface substrate and the
lower-surface substrate. It is, therefore, capable of pre-
venting defect that excessive solder flows into the elec-
tronic cooling element when the electronic cooler 13 is
fixed to the substrate by solder, and when the electronic
cooler is fixed to the module package by solder. Thus it
is capable of being avoided that the electronic cooling
element undergoes short circuit by the solder.
[0031] Namely, fixing by solder between the elec-
tronic cooler and the substrate or between the elec-
tronic cooler and the module package becomes easy so
that it is capable of facilitating manufacturing process of
the semiconductor laser module, thus the time for man-
ufacturing the semiconductor laser module is reduced,
consequently, it is capable of contributing reduction of
cost of the semiconductor laser module.
[0032] Further, solder does not flow into the elec-
tronic cooling element, therefore, it is capable of execut-
ing scrubbing of solder effectively. Thus it is capable of
improving reliability of fixed part by solder between the
electronic cooler and the substrate, and reliability of
fixed part by solder between the electronic cooler and
the module package.
[0033] Furthermore, even though the electronic
cooler is soldered to the substrate in such a way that it
causes the area of the top-surface of the electronic
cooler to be identical with the area of the undersurface
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of the substrate, the solder does not flow into the elec-
tronic cooling element fixed between the upper-surface
substrate and the lower-surface substrate, therefore,
since it is capable of enlarging solder coupling surface
between the top-surface of the electronic cooler and the
undersurface of the substrate, there is the effect that it is
capable of improving reliability fixed part by solder
between the electronic cooler and the substrate caused
by increase of coupling intensity of solder.

[0034] While preferred embodiments of the inven-
tion have been described using specific terms, the
description has been for illustrative purposes only, and it
is to be understood that changes and variations may be
made without departing from the spirit or scope of the
following claims.
[0035] The term "cylindrical member" as used in
this description and in the claims does not necessarily
mean a circular shape. Rather, the expression cylindri-
cal member is meant to define any ring-shaped or
frame-shaped member that forms a wall surrounding an
inner space in which one or more electronic cooling ele-
ments may be arranged. In particular, the expression
cylindrical member is meant to include frame-shaped
members of square shape, as shown in Fig. 4, or any
other shape such as rectangular, polygonal, circular or
irregular.

Claims

1. An electronic cooler for cooling a cooled member in
such a way that there are provided substrates so as
to put an electronic cooling element therebetween
while coupling said cooled member to said sub-
strates by solder, wherein there is provided a cylin-
drical member surrounding said electronic cooling
element for said substrates mounted on said elec-
tronic cooling element, such that, at the time of cou-
pling, excessive solder does not flow into said
electronic cooling element.

2. An electronic cooler as claimed in claim 1, wherein
said cylindrical member is made of ceramics.

3. A semiconductor laser module which cools a semi-
conductor laser mounted on a substrate by an elec-
tronic cooler consisting of an electronic cooling
element and an upper plate and a lower plate
arranged so as to put said electronic cooling ele-
ment therebetween, provides a cylindrical insulat-
ing member surrounding at least a part of said
electronic cooling element on at least either said
upper plate or said lower plate.

4. A semiconductor laser module which cools a semi-
conductor laser mounted on a substrate by an elec-
tronic cooler consisting of an electronic cooling
element and an upper plate and a lower plate
arranged so as to put said electronic cooling ele-

ment therebetween, provides a cylindrical insulat-
ing member for covering said electronic cooling
element between said upper plate and said lower
plate.

5. A semiconductor laser module as claimed in claim
3, wherein said cylindrical insulating member is
made of ceramics.

6. A semiconductor laser module as claimed in claim
4, wherein said cylindrical insulating member is
made of ceramics.

7. A semiconductor laser module as claimed in claim
3, wherein said cylindrical insulating member is
made of forsterite.

8. A semiconductor laser module as claimed in claim
4, wherein said cylindrical insulating member is
made of forsterite.
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