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DESCRIPTION

HEAT SINK INCLUDING A HEAT DISSIPATING FIN
AND METHOD FOR FIXING THE HEAT DISSIPATING FIN

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a heat sink iﬁcludi_ng a heat

- dissipating fin and a method for fixing the heat dissipating fin to the heat

sink main body. A heat sink including a heat dissipa'ting fin a_ccording to
the present invention may be utilized not only for heat dissipating and
cooling of a heat generating electronic component or the like used in an
electronic device but also for heat dlss1patmg and cooling of articles i in any
field which require heat d1s51pat10n

2. Background of the Invention

A semiconductor chip or the like used in various electronic devices
such as a personal computer, a game console, an audio system or the like
has been made smaller in size, and larger in integration density to
remarkably improve processing speed, a.nd' therewith heat generating
density thereof becomes much larger.

Various corrugated fins such as those comprising sequenﬁally
connected elongate U shaped parts (hereinafter referred to aS “elongated
folded fin”) are widely used as a means for dissipating the heat generated
by a semiconductor chip or the like having large heat generating density
which is mounted in such electronic de_:vices as a personal computer, a

game console, an audio system or the like. Although the elongated folded
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fin is light in weight and has a limited enveloped volume, the heat
dissipating area thereof can be made wider.

The heat generated by a heat source is transferred to a heat transfer
plate, block or the like, and then the heat thus transferred is dissipated
through the elongated folded fin attached to the heat transfer plate, block or
the like. The elongated folded fin is joined to the heat transfer plate,
block or the like by brazing or soldering. ~ Alternatively, the elongated
folded fin is fixed to the heat transfer plate, block or the like by caulking or
screwing. Furthermore, the elongated folded fin is adhered by an
adhesive agent, a double-sided adhesive tape or the like.

However, the above-mentioned conventional method for attaching
the elongated folded fin to the heat transfer plate, block or the like has the
following problems. Namely, the method of joining the élongated folded
fin to the heat transfer plate, block or the like by brazing or soldering, as
well as the method of adhering the heat transfer plate, block or the like by
the adhesive agent have a problem of its high processing cost.
Additionally, the method of joining the elongated folded fin to the heat -
transfer plate, block or the like by brazing or soldering has a problem that
the fin is softened and the strength thereof is lowered by the heat in the
joining process. ' | '

The method of fixing the elongated folded fin to the heat transfer
plate, block or the like by caulking or screwing, as well as the method of
adhering the elongated folded fin to the heat transfer plate, block or the like
by the double-sided adhesive tape have a problem in which the heat
transfer resistance (i. e, contact heat resiStance) between the elongated
folded fin and the heat transfer plate, block or the like becomes large.

Furthermore, the method of adhering the elongated folded fin to the
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heat transfer plate, block or the like by an adhesive agent has a problem in
which the products thus processed do not have uniform heat transfer
resistance, thus having a different quality in heat transfer resistance.

An object of the present invention is therefore to provide a heat sink
including a heat dissipating fin which is inexpensive in processing cost,
uniform in heat transfer resistance and excellent in heat transfer efficiency
without degrading the strength of the fin, and a méthod for fixing the heat
dissipating fin to the heat sink ma.i_n body.

SUMMARY OF THE INVENTION
The inventors have been studying hard to solve the above-
mentloned problems in the conventlonal art. As a result, the followmg

ﬁndmgs are obtained. _
More spec1ﬁcally, it has been found that it is possible to prov1de a

heat sink including a heat d1ss1patmg fin, bemg inexpensive in processing
cost, uniform in heat. transfer res1stance and exce]lent in heat transfer
efficiency without degrading the s_trex_lgth of the fin, by firstly preparing a
heat dissipating fin in a shapé ofa fol(lied. fin comprising mountaiﬂ_—shaped
portions, a base member and a ﬁtting' m__ember, then forming in the base
member square slits having the size and number corresponding to the width,
depth, mountain pitch, number of mountains of the heat dissipating fin, and
holes for fixing the heat dissipating fin, then making on the fitting member
projecting portions corresponding to the holes, then insertin_g the heat
dissipating fins into the slits, fitting the projecting portions into the holes,
préssing the heat dissipating ﬁh between the base member and the fitting
member, and caulking the heads of the fitted projecting portions, thereby
fixing the heat dissipating fin. '
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Furthermore, it has been found that the same effect as described

above can be also obtained by providing in a fitting member holes for

| fixing a heat dissipating fin and providing in a base member projecting

portions corresponding to the holes.

In addition, it has been found that it is possible to more effectively
fix a heat dissipating fin between a base member and a fitting member by
providing a curved portion in a part of the base member and pressing the
heat dissipating fin by the curved portion.

The present invention has been made on the basis of the
information obtained as described above.

The first embodiment of a heat sink of the present invention is a
heat sink including a heat dissipating fin, comprising:

(1) aheat dissipating fin having a plurality of mountain-shaped portions
and base portions supporting said mountain-shaped portions;

(2) abase member having a plurality of slits into which said mountain-
shaped portions of said heat dissipating fin are to be inserted and a plurality
of holes for fixing said heat dissipating fin; and

(3) a fitting member, provided with a plurality of projecting portions
corresponding to said plurality of holes of said base member, for fixing said
heat dissipating fin between said base member and the fitting member itself.

The second embodiment of a heat sink of the present invention is a
heat sink including a heat dissipating fin, comprising;

(1) aheat dissipating fin having a plurality of mountain-shaped portions
and base portions supporting said mountain-shaped portions;

(2) abase member having a plurality of slits into which said mountain-
shaped portions of said heat dissipating fin are to be inserted and a plurality

of projecting portions for fixing said heat dissipating fin; and
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(3) afitting member, provided with a plurality of holes corresponding to
said plurality of projecting portions of said base member, for fixing said
heat dissipating fin between said base member and the fitting member itself.

The third embodiment of  heat sink of the present invention is a
heat sink including a heat dissipating fin, wherein:

said mountain-shaped portions of said heat dissipating fin are
inserted into said slits of said base member, said base portions of said heat
dissipating fin are pﬁt between said base member and said fitting member,
said projecting portions are fitted into said holes, and said projecting
portions are caulked, thereby said heat dissipating fin is fixed between said
base member and said fitting member.

The fourth embodiment of a heat sink of the present invention is a
heat sink including a heat dissipating fin, wherein:

at leasta part of regions positioned between sald pluralny of shts of
said base member, sald regions bemg to come m_to contact with said base

portions of said heat dissipating fin, forms aicurved portion by being drawn

* down toward said fitting member in such manner that said heat dissipating

fin is fixed between said base member and said fitting member by means of
an elastic action of said curved pel_'tion. . |

The fifth embodiment of a heat sink of the present invention is a
heat sink including a heat dissipating fin, wherein:

when said heat dissipating fin is fixed between said base member
and said fitting member in such manner that regions of said base member
which come into contact with said base portions of said heat dissipating fin
are drawn up by a distance corresponding to a thickness of said base
member toward said heat dissipating fin, a lower face of the base portions

of said heat dissipating fin and a lower face of said base member are
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positioned nearly in a same plane.

The sixth embodiment of a heat sink of the present invention is a
heat sink including a heat dissipating fin, wherein:

a heat pipe is thermally connected to said fitting member in such
manner that heat transferred by said heat pipe is dissipated through said.
fitting member and said heat dissipating fin.

The first embodiment of a method of the invention is a method for
fixing a heat dissipating fin, comprising the steps of:

(1) preparing a heat dissipating fin comprising a plurality of mountain-
shaped portions and base portions supporting said mountain-shaped
portions;

(2) preparing a base member having a plurality of slits into which said
plurality of mountain-shaped portions are to be inserted and a piurality.of

holes;

(3) preparing a fitting member provided with a plurality of projecting

portions corresponding to said plurality of holes of said base member;
(4) inserting said mountain-shaped portions of said heat dissipating fin
into said slits of said base member, putting said base portion of said heat
dissipating fin between said base member and said fitting member, and
fitting said projecting portions into said holes; and
(5) caulking said projecting portions which are fitted into said holes,
thereby fixing said heat dissipating fin between said base member and said
fitting member.

The second embodiment of a method of the invention is a method
for fixing a heat dissipating fin, comprising the steps of:
.( 1) preparing a heat dissipating fin comprising a plurality of mountain-

shaped portions and base portions supporting said mountain-shaped
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portions; |
(2) preparing a base member having a plurality of slits into which said
plurality of mountain-shaped portions are to be inserted and a plurality of
projecting portions;.
(3) preparing a fitting member provided with a plurality of holes
corresponding to said plurality of projecting portions of said base member;
(4) inserting said fnountain-shaped portions of said heat dissipating fin
into said slits of said base member, putting said base portion of said heat
dissipating fin between said base member and said fitting member and
fitting said projecting portions into said holes; and
(5) caulking said projecting portions which are fitted into said holes,
thereby fixing said heat dissipating fin between said base member and said
fitting member. - . |

The third embodiment of a method of the invention is a method for
fixing a heat dissipating fin, further comprising the steps of:

in preparation of said base member, forming a curved portion by .
drawing down at least a part of regioné positioned between said plurality of
slits of said base member, said regions being to come into contact with said
base portions of said heat dissipating fin, toward said fitting member in .
such manner that said heat dissipating fin is fixed between said base
member and said fitting member by means of an elastic action of said
curved portion.

The fourth embodiment of a method of the invention is a method
for fixing a heat dissipating fin, further comprising the steps of:

in preparation of said base member, when fixing said heat -
dissipating fin between said base member and said fitting member in such

manner that regions of said base member which come into contact with
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said base portions of said heat dissipating fin are drawn up by a distance
corresponding to a thickness of said base member toward said heat
dissipating fin, a lower face of the base portion of said heat dissipating fin
and a lower face of said base member are prepared so as to be positioned
nearly in the same plane.

The fifth embodiment of a method of the invention is a method for
fixing a heat dissipating fin, further comprising the step of providing a heat

pipe so as.to be thermally connected to said fitting member.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic perspective view showing a heat sink
including a heat dissipating fin of the present invention.

Figure 2 is a partial cross-sectional view showing a heat sink
including a heat dissipating fin of the present invention.

Figure 3 is a partial longitudinal-sectional view showing a heat sink
including a heat dissipating fin of the present invention.

Figure 4 shows essential elements of a heat sink including a heat
dissipating fin of the present invention.

Figure 5 is a partial cross-sectional view showing a heat sink
including a heat dissipating fin of the present invention provided with a
heat pipe.

Figure 6 is a partial longitudinal-sectional view showing a heat sink
including a heat dissipating fin of the present invention provided with a
heat pipe.

Figure 7 is a perspective view showing an embodiment of a base
member in a heat sink including a heat dissipating fin of the present

invention.
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Figure 8 is a partial cross-sectional view showing an embodiment of

a heat sink including a heat dissipating fin of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A heat sink including a heat dissipating fin of the present invention
is described with reference to the drawings. -

A heat sink including a heat dissipating fin of the invention
comprises: (1) a heat dissipating fin having a plurality of mountain-shaped
portions and base portions supporting said mountain-shaped portions;

(2) abase member having a plurality of slits into which said mountain-
shaped portions of said heat dissipating fin are to be inserted and a plurality
of holes for fixing said heat dissipating fin; and

-(3) - afitting member, provided with a plurality of projecting portions

corresponding to said plurality of holes of said base member, for fixing said
heat dissipating fin between said base member and the fitting member itself.

More specifically, in the above-mentioned embodiment, the base
member is provided with slits and holes, and the fitting member is provicied
with projecting portions corresponding to the holes. -

Figure 4 shows esseritial elements of a heat sink including a heat
dissipating fin of the present invention. As shown in Figure 4, a heat
dissipating fin 2 comprises a plurality of mountain-shaped portions 21 and
base portions 22 supporting the mountain-shaped portions. A base
member 1 has a plurality of slits 12 and a plurality of holes 10 formed
therein. A fitting member 3 has projecting portions 4 thereon
corresponding to the holes 10. '

Figure 1 is a schematic perspective view showing a heat sink

including a heat dissipating fin of the present invention. In Figure 1, the
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mountain-shaped portions 21 of the heat dissipating fin 2 described in
Figure 4 are inserted into the slits 12 to project upward above the base
member 1, and the projecting portions 4 are fitted into the holes 10 and
their heads are caulked. As shown in Figure 1, the heat dissipating fin 2 is
sandwiched and fixed between the base member and the fitting member.

In this situation, since the lower face of the regions 13 positioned between
the slits and the upper face of the base portions 22 of the heat dissipating
fin are fast pressed and fixed to each other, the contact heat resistance
therebetween can be made small.

In addition, since the lower face of the base portions 22 of the heat
dissipating fin and the upper face of the fitting member 3 are fast pressed
and fixed to each other in the same way, the contact heat resistance
therebetween can be made small. Therefore, heat is efficiently transferred
from the fitting member directly to the heat dissipating fin, and furthermore,
heat is efficiently transferred from the fitting member parﬁally through the
base member to the heat dissipating fin.

Furthermore, in a heat sink including a heat dissipating fin of the
present invention, as described above, the mountain-shaped portions 21 of
the heat dissipating fin 2 are inserted into the slits 12 of the base member 1.
The base portions 22 of the heat dissipating fin 2 is put between the base
member 1 and the fitting member 3. The projecting portions 4 are fitted
into the holes 10, and the heads of the projecting portions 4 are caulked.
Thus, the heat dissipating fin 2 is fixed between the base member 1 and the
fitting member 3.

Furthermore, A heat sink including a heat dissipating fin comprises:
(1) a heat dissipating fin having a plurality of mountain-shaped portions

and base portions supporting said mountain-shaped portions; (2) a base

10
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member having a plurality of slits into which said mountain-shaped
portions of said heat dissipating fin are to be inserted and a plurality of
projecting portions for fixing said heat dissipating fin; and (3) a fitting
member, provided with a plurality of holes corresponding to said plurality
of projecting portions of said base member, for fixing said heat dissipating
fin between said base member and the fitting member itself,

More specifically, in the above-mentioned embodiment, the base
member is provided with slits and projecting portions and the fitting
member is provided with holes corresponding to the projecting portions.

Figure 2 is a partial cross-sectional view showing a heat sink
including a heat dissipating fin of the present invention.

As shown in Figure 2, the base portions 22 of the heat dissipating
fin 2 is put and fixed between the base member 1 and the fitting member 3.
In this situation, when a specific recessed portion is formed in advance in
the fitting member 3 so as to receive the base portion 22 of the heat
dissipating fin 2 therein, the heat dissipating fin 2 can be fit without vacant
space between the base member 1 and the fitting member 3.

. Furthermore, as shown in Figure 2, the projecting portions 4
'provided on the fitting member 3 are inserted into the holes 10 provided in
the base member 1 and the heads of the projecting portions 4 are caulked.
‘A heat sink of the present invention in which a heat dissipating fin is put
and fixed between the base member and the fitting member is fixed on a
circuit board 5 by fitting the peripheral portion of the base member 1 on the
circuit board 5.

A heat generating element 6 is disposed at a specific location on the
circuit board, and the heat generating element 6 is connected to the fitting

member 3 through a heat-conductive rubber sheet 7 in a state where there is

1
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no heat transfer resistance. Therefore, the heat generated by the heat -
generating element 6 is transferred to the heat-conductive rubber sheet 7,
the fitting member 3 and the heat dissipating fin 2, and is dissipated into the
atmosphere.

Figure 3 is a partial longitudinal-sectional view showing a heat sink
including a heat dissipating fin of the present invention.

As shown in Figure 3, the mountain-shaped portions 21 of the heat
dissipating fin 2 are inserted into the slits 12 of the base member 1, and the
base portions 22 of the heat dissipating fin 2 is placed between the fitting
member 3 and the regions 13 which are positioned between the slits of the
base member 1. The projecting portions 4 are inserted into the holes 10 of
the base member 1 and the heads of the projecting portions are caulked,
thus the heat dissipating fin 2 is fixed.

A heat generating element 6 is disposed at a specific location on the
circuit board, and the heat generating element 6 is connected to the fitting
member 3 through a heat-conductive rubber sheet 7 in a state where there is
no heat transfer resistance. Therefore, as described in Fig. 2, the heat
generated by the heat generating element 6 is transferred to the heat-
conductive rubber sheet 7, the fitting member 3, the base portions 22 and
the mountain-shaped portions 21 of the heat dissipating fin 2, and is
dissipated into the atmosphere. -

‘Moreover, in a heat sink including a heat dissipating fin of the
present invention, at least a part of regions positioned between a plurality
of slits of a base member, which regions are to come into contact with the
base portions of the heat dissipating fin, forms a curved portion by being
drawn down toward the fitting member in such manner that the heat

dissipating fin is fixed between the base member and the fitting member by

12
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means of an elastic action of the curved portion. -

. The above-mentioned embodiment of a heat sink including a heat
dissipating fin of the present invention is described more in detail with
reference to Figures 7 and 8.

Figure 7 is a perspective view showing an embodiment of a base
member in a heat sink including a heat dissipating fin of the present
invention. As-shown:in Figure 7, a base member 1 is provided with a
plurality of slits 12 and holes 10, and curved portions 11 formed by being

drawn down toward a fitting member 3 are provided in regions 8 positioned

‘between the slits 12. The width and depth of the slits and the numbers

thereof are formed so as to correspond to the width, depth, mountain pitch
and number of the mountain-shaped portions of the heat dissipating fin
used. _ o ,
- The shape of the curved portion 11 formed by being drawn down is
determined in consideration of the material, thickness and the like of the
base member. When the heat dissipating fin 2 is placed between the base
member 1 and the fitting member 3, since the curved portions 11 formed by .
being drawn down as described above presses elastically the base portions
of the heat dissipating fin, the heat dissipating fin is more effectively and
securely fixed. The curved portion may be formed in the form of a
triangle and the number of the curved portions is not limited to one.

Figure 8 is a partial cross-sectional view showing an embodiment of
a heat sink including a heat dissipating fin of the present invention.
Figure 8 shows a state where the curved portion 11 formed by being drawn
down as described above presses elastically the base portion 22 of the heat
dissipating fin 2. More specifically, mountain-shaped portions 21 of the
heat dissipating fin 2 are inserted into the slits of the base member and the

13
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base portions 22 of the heat dissipating fin 2 are elastically pressed by the
curved portions 11 formed in the regions 8 positioned between the slits of
the base member. The projecting portions 4 of the fitting member 3 are
inserted into the holes 10 provided in the base member and the heads of the
projecting portions are caulked. As a result, the heat dissipating fin is
effectively fixed between the base member and the fitting member.

Furthermore, in a heat sink including a heat dissipating fin of the
present invention, regions of a base member which come into contact with
the base portions of the heat dissipating fin are drawn up by a distance
corresponding to the thickness of the base member toward the heat
dissipating fin, and then the heat dissipating fin is fixed between the base
member and the fitting member in such manner that the lower face of the
base portions of the heat dissipating fin and the lower face of the base
member are positioned nearly in the same plane.

The above-mentioned embodiment of a heat sink including a heat
dissipating fin of the present invention is described more in detail with
reference to Figures 5 and 6.

Figure 5 is a partial cross-sectional view showing a heat sink
including a heat dissipating fin of the present invention provided with a
heat pipe. As shown in Figure 5, portions including the regions
positioned between slits of the base member 1 are drawn up by a distance
corresponding to the thickness of the base member 1 toward the mountain-
shaped portions 21 of the heat dissipating fin 2. When the base portions
22 of the heat dissipating fin 2 are placed and fixed between the base
member 1 and the fitting member 3, the lower face of the base portions 22
of the heat dissipating fin 2 and the lower face of the base member 1 are

positioned nearly in the same plane.

14
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Figure 6 is a partial longitudiﬁal-sectional view showing a heat sink
including a heat dissipating fin provided with a heat pipe of the present
invention. As shown in Figure 6, portions including the regions 8
positioned between slits of the base member 1 are drawn up by a distance
corresponding to the thickness of the base member 1 toward the mountain-
shaped portions 21 of the heat dissipating fin 2. 'When the base portions
22 of the heat dissipating fin 2 are placed and fixed between the base
member 1 and the ﬁtting member 3, the lower face of the base portions 22
of the heat dissipating fin 2 and the lower face of the base member 1 are
positioned nearly in _the same plane. According to this embodiment, the
heat dissipating fin is effectively fixed between the base member 1 and the

fitting member 3.
Furthermore, in a heat sink including a heat dissipating fin of the

~ present invention, a heat pipe is thermally connected to a fitting member.

An outline thereof is shown in Figures 5 and 6. In Figure 5, a heat pipe is -
attached through a heat-conductive rubber sheet 7 to a heat generating
element 6 positioned on a circuit board 5. " The heat pipe 9 is extended
toward the heat dissipating fin, is bent nearly at a right angle and is
arranged along the heat dissipating fin. Heat generated by the heat
generating element 6 is transferred by the heat pipe 9 to the lower part of
the heat dissipating fin and then is dissipated by the heat dissipating fin into

-~ the atmosphere.  The shape of the heat pipe is determined in such manner

that the heat can be most efficiently transferred depending upon the
positions of the heat generating element and the heat dissipating fin.
Figure 6 shows a longitudinal sectional view of the heat sink including the
heat pipe. As shown in Figure 6, the heat pipe reaching to the lower part

of the heat dissipating fin is bent and arranged in the longitudinal direction

- 15
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of the heat dissipating fin.

Next, a method for fixing a heat dissipating fin of the present
invention to the heat sink body is described.

A method for fixing a heat dissipating fin of the present invention
comprises the steps of:

(1) preparing a heat dissipating fin comprising a plurality of mountain-
shaped portions and base portions supporting said mountain-shaped
portions;

(2) preparing a base member having a plurality of slits into which said
plurality of mountain-shaped portions are to be inserted and a plurality of
holes;

(3) preparing a fitting member provided with a plurality of projecting
portions corresponding to said plurality of holes of said base member;
(4) inserting said mountain-shaped portions of said heat dissipating fin
into said slits of said base member, putting said base portion of said heat
dissipating fin between said base member and said fitting member, and
fitting said projecting portions into said holes; and

(5) caulking said projecting portions which are fitted into said holes,
thereby fixing said heat dissipating fin between said base member and said
fitting member.

More specifically, in the above-mentioned method, the base
member is provided with slits and holes, and the fitting member is provided
with projecting portions corresponding to the holes.

Furthermore, a method for fixing a heat dissipating fin of the
present invention comprises the steps of:

(1) preparing a heat dissipating fin comprising a plurality of mountain-

shaped portions and base portions supporting said mountain-shaped

16
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portions;

(2) preparing a base member having a plurality of slits into which said
plurality of mountain-shaped portions are to be inserted and a plurality of
projecting portions; |

(3) preparing a ﬂiting member provided with a plurality of holes
corresponding to said plurality of projecting portions of said base member;
(4) inserting said inountain—shaped portions of said heat dissipating fin
into said slits of said base member, putting said base portion of said heat
dissipating fin between said base member and said fitting member and
fitting said projecting portions into said holes; and

(5) caulking said projecting portions which are fitted into said holes,
thereby fixing said heat dissipating fin between said base member and said
fitting member.: - '

More specifically, in the above-mentioned method, the base
member is providéd with slits and projecting portions, and the fitting
member is provided with holes corresponding to the projecting portions.

Furthermore, the method for fixing a heat dissipating fin of the
present invention further comprises the steps of: in preparation of the base
member, a curved portion is formed by draWing down at least a part of
regions positioned between the plurality of slits of the base member, which
regions are to come into contact with the base portions of the heat
dissipating fin, toward the fitting member in such manner that the heat
dissipating fin is fixed between the base member and the ﬁttlng member by
means of an elastic action of the curved portion.

In addition, the method for fixing a heat dissipating fin of the -
present invention further comprises the steps of: in preparation of the base

member, when fixing the heat dissipating fin between the base member and

17



10

15

20

25

WO 01/13430 PCT/JP00/05463

the fitting member in such manner that regions of the base member which
come into contact with the base portions of the heat dissipating fin are
drawn up by a distance corresponding to a thickness of the base member
toward the heat dissipating fin, a lower face of the base portion of the heat
dissipating fin and a lower face of the base member are prepared so as to be
positioned nearly in the same plane.

Furthermore, the method for fixing a heat dissipating fin of the
present invention further comprises the step of providing a heat pipe so as
to be thermally connected to the fitting member.

As described above, the positioning of the heat dissipating fin can
be implemented by forming slits in the base member which are formed in
accordance with the shape of mountain-shaped portions (the width, depth,
mountain pitch and number of mountains) of the heat dissipating fin.
Furthermore, the regions positioned between the slits which are residual .
area of the base member function as pressing plates. In addition, the three
components which are the heat dissipating fin, the base member and the

fitting member are thermally connected to one another by pressing

- sandwich the heat dissipating fin between the fitting member and the base

member.

Furthermore, since the heads of the projecting portions are caulked
in a state of being pressed down, the three components are kept in a state of
being thermally connected even if the pressing force is released.

A heat sink including a heat dissipating fin of the present invention

is described more in detail by means of examples.

EXAMPLE
Example 1

18
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- According to the present invention, a heat generating element (of
25mm in length, 25mm in width, 2mm in height, and 15W in heat
generating rate) mounted on a circuit board (of 150mm in length, 70mm in
width and 1.2mm in thickness) of an electronic device was cooled by a heat
sink including a heat dissipating fin comprising the following.

More spe@iﬁcally, as the base member in fhe heat sink, a shielding

plate for electromagnetic shield (of 150mm in length, 70mm in width,

 0.5mm in thickness) which is made of aluminum A1050 was used.

As the heat dissipating fin, a folded (corrugated) fin made of

aluminum Al050in which the height of the mountain-shaped portions is

35mm, the pitch of mountains is 4mm, the depth i_s 20mm, the number of
mountains is 8, and the thickness of the fin plate 1s 0.4mm was used.

As the fitting membe:_", a heat receiving and heat transfer block
made by an alumihum die casting process (of 90mm in length, 45mm in

width and 4mm in thickness) was used, and 15 pins each being 2mm in

- outer diameter and 1.2mm in height were provided thereon as the

Pprojecting portions.
In the bas_e member, 8 slits of 2.6mm x 20.2mm in size for the heat

- dissipating fin were formed, and in addition, 15 holes of 2.2mm in diameter

into which the projecting portions are to be inserted were formed.

The regidné positioned between slits of the base member were
uniformly drawn up by 0.4mm toward the mountain-shaped portions in
such manner that the bottom face of the heat dissipating fin and the bottom
face of (the main body of) the base member form the same plane, when the
mountain-shaped portions are inserted into the slits of the base member and

the heat dissipating fin is placed between the base member and the fitting

member.
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A heat sink \yégi. prepared by inserting the mggntain—shaped portions
into the slits from the lower side of the base memb:éf; pressing sandwich
the heat dissipating fin between the base member and the fitting member by
means of a press, and caulking the heads of the pins which are the
projecting portions.

Furthermore, a heat transfer rubber sheet (of 25mm in length,
25mm in width, 1mm in thickness, and 2.5W/mk in heat transfer rate) was
adhered onto the heat generating element. -

The circuit board and the heat sink were screwed on each other, and
the fitting member of the heat sink was attached at a position where the
heat transfer rubber sheet became 0.8mm in thickness.

In an apparatus including the heat sink thus formed, a ventilating
fan is installed and a wind of 1.5m/s in wind velocity flows through the
heat dissipating fin.

The apparatus was operated for four hours, and the surface
temperature of the heat generating element was measured. Asaresult, a
temperature rise from the atmospheric temperature was 65°C and the heat
resistance including the heat transfer rubber sheet was 4.3°C/W, thus

showing excellent performance.

Example 2
A heat sink including a heat dissipating fin was prepared by
embedding a heat pipe of 3mm in diameter and 90mm in length in the
fitting member used in the Example 1.
- More specifically, an L-shaped groove of 2.9mm in width, 2.9 in
depth and 90mm in length was formed in the middle portion of the fitting

member, which was positioned 45mm laterally from one end of the fitting
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‘member. The L-shaped groove was formed therein along the longitudinal
direction of the heat dissipating fin. i

The other qogﬁpbnents and a method for fabx_‘icating them were the
same as those shown in Example 1. : .

A wind inside the apparatus was also the same as described in
Example 1.

The heat'si_'nk including the above-mentioned heat pipe were
operated to dissipﬁtg and cool the heat generated by the heat generating
element, and the sufface temperature of the heat generating element was
measured. Asa fesult, -a temperature rise from the' atmospheric
temperature was 43°C and the heat resistance including the heat transfer

rubber sheet was 28°C/W , thus showing remarkably excellent performance.

Example 3 |

According to the present invention, a heat generating element (of
25mm in length, 25mm in width, 2mm in height, and 15W in heat
generating rate) rhou_nted on a circuit board (of 150mm in length, 70mm in
width and 1.2mm in thickness) of an electronic device was cooled by a heat
sink including a heat dissipating fin comprising the following.

More spegiﬂéally, as the base member in the heat sink, a shielding
plate for electromagnetic shield (of 150mm in length, 70mm in width,
0.5mm in thickness) which is made of aluminum A1050 was used.

. As the heat dissipating fin, a folded (corrugated) fin made of
aluminum Al050 in which the height of the mountain-shaped portions is
35mm, the pitch of mountains is 4mm, the depth is 20mm, the number of
mountains is 8, and the thickness of the fin plate is 0,4mm was used.

As the ﬁtting member, a heat receiving and heat transfer block -
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made by an aluminum die casting process (of 90mm:in length, 45mm in
width and 4mm in thickness) was used, and 15 hole each being 2.2mm in
diameter into which the projecting portion describe later are to be inserted
were formed.

" In the base member, 8 slits of 2.6mm x 20.2mm in size for the heat
dissipating fin were formed, and in addition, 15 pins each being 2mm in
outer diameter and 1.2mm in height for the projecting portion were formed.

Furthermore, a curved portion of 15mm in curvature radius was

formed in the middle portion of the region positioned between slits of the

~ base member in such manner that the respective curved portions formed in

the regions positioned between the slits press elastically the base portions
of the heat dissipating fin when the mountain-shaped portions of the heat
dissipating fin are inserted into the slits and the heat dissipating fin is
placed between the base member and the fitting member.

The heat sink was prepared by inserting the mountain-shaped
p'oriions into the slits from the lower side of the base member, pressing-
sandwich the heat dissipating fin between the base member and the fitting
member by means of a press, and caulking the heads of the pins which are
the projecting portions.

Furthermore, a heat transfer rubber sheet (of 25mm in length,
25mm in width, 1mm in thickness, and 2.5W/mk in heat transfer rate) was
adhered onto the heat generating element.

The circuit board and the heat sink were screwed on each other, and
said fitting member of the heat sink was attached at a position where the
heat transfer rubber sheet became 0.8mm in thickness.

In an apparatus including the heat sink thus formed, a ventilating
fan is installed and a wind of 1.5m/s in wind velocity flows through the

22



10

15

20

25

WO 01/13430 PCT/JP00/05463

heat dissipating fin. . .

The apparatus was operated for four hours, and the surface

“temperature of the heat generating element was measured. = As aresult, a

temperature rise ﬁ'om the atmospheric temperature was 65°C and the heat
resistance includihg the heat transfer rubber sheet was 4.3°C/W, thus
showing excellent performance. - |
According to the present invention, in case of providing slits in the

base member which is in accordance with the shape (the width, depth,
mountain pitch and number of the mountains) of mountain-shaped portions
of the heat dissipati_rig fin, the external shape of the base memberis
generally formed by means of a press. According to the present invention,
therefore, since the external shape of the base member and the slits can be
formed at the same ’_cjmé, it is possible to prepare the base member _
inexpensively and accurately on a mass-production basis. Furthermore,
the mountain-shaped portions of the heat dissipating fin can be easily
inserted into the slits by-ieaving some margin in dimensions of the slits, -
while applying an insertion guiding jig.

~ In addition, according to the present invention, since the heat
dissipating fin is pressed sandwich and fixed between the fitting member
and the base member, the three components of the heat dissipating fin, the
fitting member and the base member are well thermally connected to one
another and the heat transfer resistance is reduced. It is possible to more
effectively perform heat dissipation and cooling when a heat pipe is
attached thereto. _ _

Moreover, according to the present .invention, since the heads of

pins as the projecting portions are caulked in a state where the heat

dissipating fin is pressed between the fitting member and the base member,
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the three components are kept in a state of being we thermally connected

to one another even 1f the pressing force is released. :

Still further, since pressing and caulking are pefformed by a press,
it is possible to inexpensively and accurately perform a mass production.

According to a heat sink of the present invention, therefore, it is
possible to inexpensively fix a heat dissipating fin with a low heat transfer
resistance on a mass-production basis.

According to the present invention, there can be provided a heat
sink including a heat dissipating fin, being inexpensive in processing cost,
uniform in heat transfer resistance and excellent in heat efficiency without
degrading the strength of the fin, and a method. for fixing the heat
dissipating fin to the heat sink main body.
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1. A heat sink including a heat dissipating fin, comprising:

(1) aheat dissipating fin having a plurality of mountain-shaped portions
and base portion's supporting said mountain-shaped portions;

(2) abase member having a plurality of slits into which said mountain-
shaped portions of said heat dissipating fin are to be inserted and a plurality
of holes for fixing said heat dissipating fin; and

(3) afitting member, provided with a plurality of projecting portions
corresponding to said plurality of holes of said base membet, for fixing said

heat dissipating fin between said base member and the fitting member itself.

2. A heat sink including a heat dissipating fin, comprising:
(1) aheat dissipating fin having a plurality of mountain-shaped portions

and base portions supporting said mountain-shaped portions;

(2) abase member having a plurality of slits into which said mountain-

shaped portions of said heat dissipating fin are to be inserted and a plurality
of projecting portions for fixing said heat dissipating fin; and

(3) a fitting member, provided with a plurality of holes corresponding to
said plurality of projecting portions of said base member, for fixing said

heat dissipating fin between said base member and the fitting member itself.

3. A heat sink including a heat dissipating fin as claimed in claim 1 or 2,

wherein:
said mountain-shaped portions of said heat dissipating fin are
inserted into said slits of said base member, said base portions of said heat

dissipating fin are put between said base member and said fitting member,
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said projecting portions are fitted into said holes, and said projecting
portions are caulked, thereby said heat dissipating fin is fixed between said

base member and said fitting member.

4. A heat sink including a heat dissipating fin as claimed in any one of
claims 1 to 3, wherein:

at least a part of regions positioned between said plurality of slits of
said base member, said regions being to come into contact with said base
portions of said heat dissipating fin, forms a curved portion by being drawn
down toward said fitting member in such manner that said heat dissipating
fin is fixed between said base member and said fitting member by means of

an elastic action of said curved portion.

5. A heat sink including a heat dissipating fin as claimed in any one of
claims 1 to 3, wherein: _

when said heat dissipating fin is fixed between said base member
and said fitting member in such manner that regions of said base member
which come into contact with said base portions of said heat dissipating fin
are drawn up by a distance corresponding to a thickness of said base
member toward said heat dissipating fin, a lower face of the base portions
of said heat dissipating fin and a lower face of said base member are -

positioned nearly in a same plane.

6. A heat sink including a heat dissipating fin as claimed in any one of
claims 1 to 5, wherein:
a heat pipe is thermally connected to said fitting member in such

manner that heat transferred by said heat pipe is dissipated through said
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fitting member and said heat dissipating fin. "

7. A method for ﬁxing a heat dissipating fin, comprising the steps of:
(1) preparing a heat dissipating fin comprising a plurality of mountain-
shaped portions and base portions'sup'porting said mountain-shaped
portions; o

(2) preparing a base member having a plurality of slits into which said
plurality of mountaih—shape'd portions are to be inserted and a plurality of
holes; o

(3) preparing a fitting member provided with a plurality of projecting
portions corresponding to said plurality of holes of said base member;

(4) inserting said mountain~shaped portions of said heat dissipating fin
into said slits of said base member, putting said base portion of said heat
dissipating fin between said base member and said fitting member, and
fitting said projecting portions into said holes; and

(5) caulking said projecting portions which are fitted into said holes,
thereby fixing said heat dissipating fin between said base member and said

fitting member.

8. A method for fixing a heat dissipating fin, comprising the steps of:
(1) preparing a heat dissipating fin comprising a plurality of mountain-
shaped portions and base portions supporting said mountain-shaped
portions; - ' |

(2) preparing a base member having a plurality of slits into which said
plurality of mountain-shaped portions are to be in'sért‘ed and a plurality of
projecting portions; |

(3) preparing a fitting member provided with a plurality of holes
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corresponding to said plurality of projecting ponio_gs of said base member;
(4) inserting said nioﬁntain—shaped portions of sai&'ileat dissipating fin
into said slits of said base member, putting said base portion of said heat
dissipating fin between said base member and said fitting member and
fitting said projecting portions into said holes; and

(5) caulking said projecting portions which are fitted into said holes,
thereby fixing said heat dissipating fin between said base member and said

fitting member.

9. A method for fixing a heat dissipating fin as claimed in claim 7 or 8,
further comprising the steps of:

in preparation of said base member, forming a curved portion by
drawing down at least a part of regions positioned between said plurality of
slits of said base member, said regions being to come into contact with said
base portions of said heat dissipating fin, toward said fitting member in
such manner that said heat dissipating fin is fixed between said base
member and said fitting member by means of an elastic action of said

curved portion.

10. A method for fixing a heat dissipating fin as claimed in claim 7 or 8,
further comprising the steps of:

in preparation of said base member, when fixing said heat
dissipating fin between said base member and said fitting member in such
manner that regions of said base member which come into contact with
said base portions of said heat dissipating fin are drawn up by a distance
corresponding to a thickness of said base member toward said heat

dissipating fin, a lower face of the base portion of said heat dissipating fin
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and a lower face of said base member are prepared so as to be positioned

nearly in the same plane.

11. A method for fixing a heat dissipating fin as claimed in any one of
claims 7 to 10, further comprising the step of providing a heat pipe so as to

be thermally connected to said fitting member.
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