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(54) Light-emitting device

(57) A light-emitting device can have high heat dissipation performance from a light-transmitting member (41) and
be capable of easily making alignment of the light-transmitting member (41) and an incidence hole for light into the light-
transmitting member (41). The light-emitting device can include: a base (11); a light-emitting element (21) held by the
base (11); a lens (15) held by the base (11) and disposed above the light-emitting element (21), configured to condense
light emitted from the light-emitting element (21); a first tubular member (23) disposed on the base (11); a second tubular
member (25) fitted into the first tubular member (23); a holder (27) allowed to be inserted into the second tubular member
(25) and thereby fitted into the second tubular member (25) and having a through hole (33) through which light condensed
by the lens (15) passes; and a light-transmitting member (41) formed on the holder (27) so as to block the through hole (33).
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Description

Technical Field

[0001] The present invention relates to a light-emitting
device.

Background Art

[0002] In recent years, there are light-emitting devices,
each employing a laser light source as a light source
thereof. Among such light-emitting devices, there is, for
example, a light-emitting device in which emitted light
from a laser light source can be condensed by a lens and
the condensed light can be made entered, as excitation
light, into a wavelength conversion member containing
a phosphor to mix part of the excitation light from the
laser light source and fluorescence from the excited
phosphor together in order to obtain light of a desired
color. (See, for example, Japanese Patent Application
Laid-Open No. 2010-165834.)
[0003] In a light-emitting device in which light from a
light source is made entered into a wavelength conver-
sion member containing a phosphor, heat is generated
when the phosphor is excited by the excitation light. In
the light-emitting device as disclosed in Japanese Patent
Application Laid-Open No. 2010-165834, a support
structure configured to support a light-transmitting mem-
ber containing a wavelength conversion material is com-
posed of a plurality of members. Therefore many inter-
faces among the members are present along a thermal
path from the light-transmitting member to the outside of
the light-emitting device. Thus, a thermal resistance in
the path has become high. Therefore, heat dissipation
performance from the light-transmitting member is low-
ered and a reduction in the excitation efficiency of the
phosphor occurs due to a temperature increase of the
light-transmitting member. Moreover, there is also a
problem in that it is difficult to align the light-transmitting
member with respect to the laser light source and to align
an incidence hole for light into the light-transmitting mem-
ber.

Summary

[0004] The present invention was devised in view of
these and other problems and features in association
with the conventional art. According to an aspect of the
present invention, there is provided a light-emitting de-
vice having high heat dissipation performance from a
light-transmitting member and capable of easily making
alignment of the light-transmitting member and an inci-
dence hole for light into the light-transmitting member.
[0005] According to another aspect of the present in-
vention, a light-emitting device can include: a base; a
light-emitting element held by the base; a lens held by
the base and disposed above the light-emitting element,
configured to condense light emitted from the light-emit-

ting element; a first tubular member disposed on the
base; a second tubular member fitted into the first tubular
member; a holder allowed to be inserted into the second
tubular member and thereby fitted into the second tubular
member and having a through hole through which light
condensed by the lens passes; and a light-transmitting
member formed on the holder so as to block the through
hole.
[0006] In the light-emitting device with the above con-
figuration, the through hole can have a frustum shape
such that as compared to one cross sectional shape clos-
er to the light-emitting element (on a side of the light-
emitting element), the other cross sectional shape oppo-
site to the one cross sectional shape is smaller.
[0007] In the light-emitting device with the above con-
figuration, the second tubular member can have a heat-
dissipation part formed on an outer side surface thereof,
and the holder can have an outer side surface that is in
contact with an inner side surface of the second tubular
member that correspond to the outer side surface where
the heat-dissipation part is formed.

Brief Description of Drawings

[0008] These and other characteristics, features, and
advantages of the present invention will become clear
from the following description with reference to the ac-
companying drawings, wherein:

FIG. 1A is a top view of a light-emitting device of a
first exemplary embodiment made in accordance
with principles of the presently disclose subject mat-
ter;
FIG. 1B is a cross-sectional view of the light-trans-
mitting device taken along line 1B-1B in FIG. 1A;
FIG. 2A is a cross-sectional view illustrating an as-
sembly step of the light-emitting device of the first
exemplary embodiment;
FIG. 2B is a cross-sectional view illustrating assem-
bly steps of the light-emitting device of the first ex-
emplary embodiment;
FIG. 3 is a cross-sectional view of a light-emitting
device of a second exemplary embodiment made in
accordance with the principles of the presently dis-
close subject matter; and
FIG. 4 is a cross-sectional view of a portion of a light-
emitting device of another exemplary embodiment.

Description of Exemplary Embodiments

[0009] A description will now be made below to light-
emitting devices of the present invention with reference
to the accompanying drawings in accordance with exem-
plary embodiments.

[First exemplary embodiment]

[0010] A light-emitting device 10 according to the first
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exemplary embodiment made in accordance with the
principles of the present invention will be described below
with reference to FIGS. 1A and 1B. FIG. 1A is a top view
of the light-emitting device 10. FIG. 1B is a cross-sec-
tional view of the light-emitting device 10 taken along line
1B-1B in FIG. 1A. In FIG. 1B, a path of light emitting from
a later-described light-emitting element in the light-emit-
ting device 10 and entering a later-described light-trans-
mitting member is indicated by a solid arrow (thinner line).
An optical axis of the emitted light from the light-emitting
element is indicated by "ax." A heat dissipation path for
heat generated in the later-described light-transmitting
member is indicated by a solid arrow (thicker line).
[0011] A base 11 can have a cylindrical hollow tubular
shape, and include: a first inner wall portion 11a config-
ured to support a stem 13; and a second inner wall portion
11b disposed in a region above the first inner wall portion
11a, configured to support a lens 15.
[0012] The stem 13 can be fixed to the inner wall por-
tion 11a of the base 11, for example, by means of welding
or adhesive bonding. The stem 13 can be composed of
a disk-shaped stem bottom 17 and a columnar stem cyl-
inder 19 protruding from an upper surface of the stem
bottom 17. A light-emitting element 21 can be a laser
diode (LD) element which can emit laser light with a wave-
length of 380 to 473 nm, preferably 445 nm, for example.
The light-emitting element 21 can be disposed on the
side surface of the stem cylinder 19 so as to emit light
upwardly. The lens 15 can be disposed above the stem
cylinder 19, i.e., in the light-emitting direction. The lens
15 can be fixed to the second inner wall portion 11b. The
lens 15 can be, for example, a convex lens to converge
the laser light emitted from the light-emitting element 21.
[0013] A first tubular member 23 can be disposed
above the lens 15 and can be a cylindrical member having
a circular columnar hollow portion through which the laser
light converged by the lens 15 can pass. The first tubular
member 23 can be fixed to an upper surface of the base
11, for example, by means of welding or adhesive bond-
ing.
[0014] A second tubular member 25 can be a cylindri-
cal member having a circular columnar hollow portion
through which the laser light converged by the lens 15
can pass. The second tubular member 25 can include
an annular heat-dissipating protrusion 25a protruded
from an outer side surface thereof. The second tubular
member 25 can be joined with the first tubular member
23 at a lower portion thereof in such a manner that an
inner side surface of the first tubular member 23 can be
in contact with the outer side surface of the second tu-
bular member 25 to achieve fitting therebetween. The
second tubular member 25 can be fixed to the first tubular
member, for example, by means of welding or adhesive
bonding. When the light-emitting device 10 is equipped
in other structure, the heat-dissipating protrusion 25a can
serve as a heat-dissipating part to be made in contact
with a member (not shown) forming a heat dissipation
path of the structure such as a heat-dissipating jig at-

tached to the structure.
[0015] The base 11, the first tubular member 23, and
the second tubular member 25 can be made of a material
with excellent thermal conductance, such as nickel, co-
balt, iron, brass, stainless steel, a nickel-iron alloy, an
iron-nickel-cobalt alloy, aluminum, copper, or carbon, for
example.
[0016] A holder 27 can be a cylindrical member having
a recess 29 in an upper surface thereof. An incidence
hole 31 with an elliptic column shape, through which the
laser light converged by the lens 15 can pass, can be
formed at the center of a bottom surface of the recess
29. A light-guiding hole 35, which can form a through hole
33 together with the incidence hole 31, can be formed
below the incidence hole 31. In other words, the holder
27 can be a hollow cylindrical structure made of a single
member. The holder 27 can be joined with the second
tubular member 25 so as to achieve fitting therebetween
in such a manner that an outer side surface of the holder
27 can be in contact with an inner side surface of the
second tubular member 25. The holder 27 can include a
flange 27a in an upper portion of the outer side surface
thereof. The flange 27a can serve as a stopper when
performing the insertion fitting of the holder 27 into the
second tubular member 25. Note that the holder 27 can
be integrally molded with a material having excellent ther-
mal conductance, such as nickel, cobalt, iron, brass,
stainless steel, a nickel-iron alloy, an iron-nickel-cobalt
alloy, aluminum, copper, or carbon, for example. When
the base 11, the first tubular member 23, the second tu-
bular member 25, and the holder 27 are connected to-
gether by means of welding, it is preferable that these
parts be formed with the same material.
[0017] A light-transmitting member 41 can be disposed
at a central portion of the bottom surface of the recess
29 so as to block the incidence hole 31 and can be a
member with a rectangular column shape, i.e., cuboid,
having a rectangular bottom surface. The light-transmit-
ting member 41 can be made of, for example, a light-
transmitting material such as a glass, an aluminum oxide,
a silicone resin, or an epoxy resin containing, as a wave-
length conversion material, yellow phosphor particles of
a YAG:Ce phosphor obtained by introducing Ce (cerium)
as an activator into YAG (Yttrium Aluminum Garnet:
Y3Al5O12), or the like. For fixing the light-transmitting
member 41 to the bottom surface of the recess 29, a
transparent adhesive such as a silicone resin adhesive
or a glass adhesive, for example, can be used.
[0018] The yellow phosphor can absorb laser light
emitted from the light-emitting element 21, e.g., blue ex-
citation light with a wavelength of about 460 nm and then
emits yellow light having an emission peak wavelength
of about 560 nm. Thus, white light can be obtained as a
result of mixing blue light, which has been emitted from
the light-emitting element 21 and has not been absorbed
by the phosphor, and the yellow light emitted from the
excited phosphor together. Note that a phosphor which
can emit other color may be used, if desired, without be-
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ing limited to the yellow phosphor such as the above-
described YAG:Ce. For example, white light can be ob-
tained by including a mixture of a red phosphor and a
green phosphor in the light-transmitting member 41 and
making these phosphors excited by blue laser light to mix
the laser light and the fluorescence together. When a
laser element which can emit near-ultraviolet light with a
wavelength of about 380 to 400 nm is used as the light-
emitting element 21, white light can be obtained by in-
cluding a mixture of three kinds of phosphors which emit
blue fluorescence, green fluorescence, and red fluores-
cence, respectively, when receiving light of this wave-
length in the light-transmitting member 41 and making
these phosphors excited by the laser light. Furthermore,
without being limited to the white light, light emission of
a color other than white, e.g., amber or red, can be ob-
tained depending on a selection of phosphors to be used
as appropriate.
[0019] A reflective member 43 can be formed in the
recess 29 so as to cover a side surface of the light-trans-
mitting member 41. The reflective member 43 can be
made of a silicone resin, an epoxy resin, or the like con-
taining light-scattering particles of silica, alumina, titania,
or the like. When the reflective member 43 is formed with
a resin material such as a silicone resin, the reflective
member 43 may be formed by: potting a resin material
for forming the reflective member 43, which contains
light-scattering particles, between an inner side surface
of the recess 29 and the side surface of the light-trans-
mitting member 41 after the light-transmitting member
41 is disposed in the recess 29; and thermally curing the
resin material. Note that it is preferable that a refractive
index of a material forming the reflective member 43 be
lower than a refractive index of a material forming the
light-transmitting member 41 in order to make light,
traveling from the light-transmitting member 41 toward
the reflective member 43, totally reflected at an interface
between the light-transmitting member 41 and the reflec-
tive member 43 and thereby avoid the light leaking into
the reflective member 43 as much as possible.
[0020] In the light-emitting device 10, heat may be gen-
erated when the laser light emitted from the light-emitting
element 21 and converged by the lens excites the phos-
phor in the light-transmitting member 41. This heat is
generated more especially in a lower part of the light-
transmitting member 41, i.e., in the vicinity of a surface
(lower surface) through which the laser light is entered.
The light-emitting device 10 can have the structure in
which the holder 27 for holding the light-transmitting
member 41 is fitted into the inner side of the second tu-
bular member 25. As a result, a heat transfer structure
serving also as a fixation (fitting) structure capable of
being a heat transfer path can be provided in a large area
below the light-transmitting member 41. By shortening
the heat transfer path (the thick arrow in the figure) from
the lower surface of the light-transmitting member 41,
which is a major heat generation source, to the heat-
dissipating protrusion 25a, which is a heat-dissipating

part, a thermal resistance in the heat dissipation path can
be reduced. A thermal resistance in the heat dissipation
path can be reduced also by forming the holder 27 for
holding the light-transmitting member 41 with a single
member and thereby reducing the number of interfaces
among members present along the heat dissipation path.
As just described, the heat dissipation performance from
the light-transmitting member 41 can be made excellent
in the light-emitting device 10. Thus, a temperature of
the light-transmitting member 41 can be kept low and a
reduction in the excitation efficiency of the phosphor due
to a temperature increase can be prevented.
[0021] In order to secure the heat transfer path from
the light-transmitting member 41, which is a heat-gener-
ating part, to the heat-dissipating protrusion 25a, which
is a heat-dissipating part, it is preferable that the holder
27 extend up to a region where the heat-dissipating pro-
trusion 25a of the second tubular member 25 is formed
and the outer side surface of the holder 27 be in contact
with the inner side surface of the region where the heat-
dissipating protrusion 25a of the second tubular member
is formed.
[0022] An assembly of the light-emitting device 10 will
now be described with reference to FIGS. 2A and 2B.
When assembling the light-emitting device 10, first, the
stem 13 equipped with the light-emitting element 21 can
be fixed to the base 11 having the lens 15 attached there-
to by means of welding or the like (FIG. 2A).
[0023] Next, the first tubular member 23 can be placed
on the upper surface of the base 11 and the second tu-
bular member 25 can be inserted and fitted into the first
tubular member 23. The holder 27 can then be inserted
and fitted into the second tubular member 25. At this
point, the first tubular member 23 is not being fixed to the
base 11 and movable in an in-plane direction (direction
of an outline arrow in the figure) orthogonal to the optical
axis ax. The second tubular member is not being fixed
to the first tubular member 23. The second tubular mem-
ber is movable in a direction along the optical axis ax
(direction of a shaded arrow in the figure) and rotatable
around the optical axis ax. Also, the holder 27 is rotatable
around the optical axis ax (FIG. 2B).
[0024] Thereafter, while the light-emitting element 21
is turned on, the first tubular member 23 and the second
tubular member 25 can be moved to make alignment in
such a manner that a condensing point of light emitted
from the light-emitting element 21 and condensed by the
lens 15 coincides with the center of the upper surface of
the incidence hole 31, i.e., the center of the bottom sur-
face of the recess 29. After the alignment, while main-
taining the aligned positional relationship, the base 11
and the first tubular member 23 can be fixed together by
means of welding or the like and the first tubular member
23 and the second tubular member 25 can be fixed to-
gether by means of welding or the like.
[0025] Thereafter, the holder 27 is once removed from
the second tubular member 25, and the light-transmitting
member 41 can be fixed at the center of the bottom sur-
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face of the recess 29 so as to block the incidence hole
31. For fixing the light-transmitting member 41, a trans-
parent adhesive such as a silicone resin adhesive may
be used. Then, a resin material for forming the reflective
member 43, which contains light-scattering particles, can
be potted between the inner side surface of the recess
29 and the side surface of the light-transmitting member
41 and thermally cured.
[0026] Next, a silicone adhesive or the like containing
a filler with high thermal conductance such as a silver
filler, for example, can be applied to a region of the sur-
face of the holder 27 to be in contact with the second
tubular member 25 when fitting is performed. Then, the
holder 27 can be inserted and fitted into the second tu-
bular member 25. The holder 27 and the second tubular
member 25 can be fixed together, for example, by ther-
mally curing the applied adhesive.
[0027] Finally, a lower surface of the flange 27a of the
holder 27 and an upper surface of the second tubular
member 25 can be welded together, for example, to com-
plete the light-emitting device 10.
[0028] As described above, in the light-emitting device
10, the holder 27 is not screwed with, but is fitted into,
the second tubular member 25. Therefore, the relative
position between the holder 27 and the second tubular
member 25, i.e., the relative position between the holder
27 and the light-emitting element 21 and the lens 15,
when the light-emitting device 10 is completed, can be
made coincide with the above-described aligned relative
position with extremely high accuracy. Also, since the
holder 27 is not screwed with, but fitted into, the second
tubular member 25, rotational positions of the holder 27
and therefore the incidence hole 31 and the light-trans-
mitting member 41 with respect to the optical axis ax can
be very easily adjusted when precise orientation of the
incidence hole 31 and/or the light-transmitting member
41 is required especially when the incidence hole 31
and/or the light-transmitting member 41 has a shape oth-
er than a circle in a top view as seen from above along
the optical axis ax.
[0029] As described above, the light-emitting device
10 can have the structure in which the holder 27 for hold-
ing the light-transmitting member 41 is fitted into the inner
side of the second tubular member 25 and an area where
the member capable of serving as a heat transfer path
is present is thereby increased below the light-transmit-
ting member 41. As a result, the heat transfer path from
the lower surface of the light-transmitting member 41,
which is a major heat generation source, to the heat-
dissipating protrusion 25a can be shortened. A thermal
resistance in the heat dissipation path can be thereby
reduced. Moreover, a thermal resistance in the heat dis-
sipation path can be reduced also by forming the holder
27 for holding the light-transmitting member 41 with a
single member and thereby reducing the number of in-
terfaces among members present along the heat dissi-
pation path. Therefore, a reduction in the excitation effi-
ciency of the phosphor due to a temperature increase of

the light-transmitting member 41 can be prevented.

[Second exemplary embodiment]

[0030] The light-emitting device 10 according to the
second exemplary embodiment of the present invention
will be described below with reference to FIG. 3. The
light-emitting device 10 of the second exemplary embod-
iment has the same configuration as that of the light-
emitting device 10 of the first exemplary embodiment ex-
cept that the holder 27 has a different shape. FIG. 3 is a
cross-sectional view of the light-emitting device 10 of the
second exemplary embodiment made in accordance with
the principles of the present invention. In FIG. 3, as with
FIG. 1B, a path of light emitting from the light-emitting
element in the light-emitting device 10 and entering the
light-transmitting member is indicated by a solid arrow
(thinner line), and an optical axis of the emitted light from
the light-emitting element is indicated by "ax." A heat dis-
sipation path for heat generated in the light-transmitting
member is indicated by a solid arrow (thicker line).
[0031] As illustrated in FIG. 3, in the light-emitting de-
vice 10 of the second exemplary embodiment, the light-
guiding hole 35 of the through hole 33 can have a shape
continuous with the incidence hole 31. In the light-emit-
ting device 10 of the second exemplary embodiment, the
through hole 33 can have a circular truncated cone or
elliptic truncated cone shape gradually narrowing in an
upward direction up to the lower surface of the light-trans-
mitting member 41 so as not to block a path of laser light
emitted from the light-emitting element 21, condensed at
the lens 15, and entered into the light-transmitting mem-
ber 41. In other words, the through hole 33 can have a
frustum shape in which as compared to one cross sec-
tional shape on the light-emitting element 21 side, the
other cross sectional shape opposite to the one cross
sectional shape, i.e., the cross sectional shape in contact
with the lower surface of the light-transmitting member
41, is smaller. With such a configuration, while maintain-
ing an incidence path of the condensed laser light into
the light-transmitting member 41, an even greater heat
dissipation path from the light-transmitting member 41
can be secured. Also, a heat transfer path from the lower
surface of the light-transmitting member 41, which is a
major heat generation source, to the heat-dissipating pro-
trusion 25a can be further shortened. Thus, a thermal
resistance in the heat dissipation path can be reduced.
[0032] In the above-described exemplary embodi-
ments, the member containing a wavelength conversion
material can be used as the light-transmitting member
41. However, in addition to the wavelength conversion
material, the light-transmitting member 41 may contain
a light-scattering material such as light-scattering parti-
cles of, for example, silica, alumina, titania, or the like. If
there is no need to change the light color of laser light
emitted from the light-emitting element 21, the light-trans-
mitting member 41 may be a member containing only a
light-scattering material without containing a wavelength
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conversion material.
[0033] As illustrated in FIG. 4, which is a cross-sec-
tional view of the holder 27, the light-transmitting member
41, and the reflective member 43, a light-scattering re-
gion 41a may be provided in a lower part of the light-
transmitting member 41 and a wavelength conversion
region 41b may be provided in an upper part of the light-
transmitting member. In this case, the light-scattering re-
gion 41a may be made of, for example, a light-transmit-
ting material containing light-scattering particles of silica,
alumina, titania, or the like; and a light-transmitting ce-
ramic material (glass, quartz, alumina, or the like), or a
silicone resin or an epoxy resin. The wavelength conver-
sion region 41b may be made of a light-transmitting ma-
terial such as a glass, an aluminum oxide, a silicone resin,
or an epoxy resin containing, as a wavelength conversion
material, yellow phosphor particles of a YAG:Ce phos-
phor obtained by introducing Ce (cerium) as an activator
into YAG (Yttrium Aluminum Garnet: Y3Al5O12), or the
like. While the light-scattering region 41a has been de-
scribed as a region containing light-scattering particles,
the light-scattering region 41a may be formed by rough-
ening a surface of a light-transmitting material such as a
ceramic, a light-transmitting resin, or a glass.
[0034] In the above-described exemplary embodi-
ments, the light-transmitting member 41 can have a rec-
tangular column shape. However, the light-transmitting
member 41 may have any other shape to change the
shape of the light-emitting surface in accordance with the
shape of irradiated light of the light-emitting device. When
a circular light-emitting surface is to be formed, for ex-
ample, the light-transmitting member 41 may have a cir-
cular column shape or a circular truncated cone shape.
When an elliptic light-emitting surface is to be formed,
the light-transmitting member 41 may have an elliptic col-
umn shape or an elliptic truncated cone shape. When a
polygonal light-emitting surface is to be formed, the light-
transmitting member 41 may have a polygonal column
shape or a polygonal truncated cone shape.
[0035] In the above-described exemplary embodi-
ments, the incidence hole 31 can have an elliptic column
shape or a circular truncated cone shape and the light-
guiding hole 35 can have a circular column shape or a
circular truncated cone shape. However, depending on
a type of the light-emitting element used, a usage of the
light-emitting device, and the like, shapes of the inci-
dence hole 31 and the light-guiding hole 35 can take var-
ious shapes such as an elliptic truncated cone shape, a
polygonal column shape, and a polygonal truncated cone
shape in addition to the above-described circular column
shape, elliptic column shape, and circular truncated cone
shape.
[0036] The above-described exemplary embodiments
illustrate cases such as obtaining white light by using the
blue light-emitting element and the yellow phosphor.
However, an emission color of the light-emitting element
and a fluorescent color of the phosphor can be freely
selected depending on a desired color of emitted light, a

usage thereof, and the like.
[0037] While the reflective member 43 can be provided
so as to cover the side surface of the light-transmitting
member 41 in the above-described exemplary embodi-
ments, the reflective member 43 may not be formed.
[0038] The above-described exemplary embodiments
are described taking, as an example, a case where an
LD element is used as the light-emitting element. How-
ever, other light-emitting element such as an LED ele-
ment may be used.
[0039] The various numerical values, sizes, materials,
and the like in the above-described exemplary embodi-
ments are merely examples and can be appropriately
selected depending on a usage, a light-emitting element
used, and the like.

Claims

1. A light-emitting device characterized by compris-
ing:

a base (11);
a light-emitting element (21) held by the base
(11);
a lens (15) held by the base (11) and disposed
above the light-emitting element (21), config-
ured to condense light emitted from the light-
emitting element (21);
a first tubular member (23) disposed on the base
(11);
a second tubular member (25) fitted into the first
tubular member (23);
a holder (27) allowed to be inserted into the sec-
ond tubular member (25) and thereby fitted into
the second tubular member (25) and having a
through hole (33) through which light condensed
by the lens (15) passes; and
a light-transmitting member (41) formed on the
holder (27) so as to block the through hole (33).

2. The light-emitting device according to claim 1, char-
acterized in that the through hole (33) has a frustum
shape such that as compared to one cross sectional
shape closer to the light-emitting element (21), the
other cross sectional shape opposite to the one cross
sectional shape is smaller.

3. The light-emitting device according to claim 1 or 2,
characterized in that the second tubular member
(25) has a heat-dissipation part formed on an outer
side surface thereof, and the holder (27) has an outer
side surface that is in contact with an inner side sur-
face of the second tubular member (25) that corre-
spond to the outer side surface where the heat-dis-
sipation part is formed.
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