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(57) Abstract: The present invention relates to a heat-sink
device, which comprises a first heat-sink structure (A) in

thermal contact with an object from which heat to be dissip-

ated and a second heat-sink structure (B), wherein the first

heat-sink structure (A) is composed of a plurality of first
heat-sink fins (1) and the second heat-sink structure (B) is

composed of a plurality of second heat-sink fins (2), wherein
the first heat-sink fins (1) are inserted into cavities (3)
formed in the second heat-sink fins (2). In addition, the
present invention also relates to a method for manufacturing
the above type of heat-sink device.
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Description

Heat-sink Device and Manufacturing Method Thereof

Technical Field

The present invention relates to a heat-sink device. In ad-
dition, the present invention also relates to a method of

manufacturing the above type of heat-sink device.

Background Art

In the current illumination systems, an illumination system
with a LED module as a light source has found more and more
applications. The LED module has high requirements for heat
dissipation since the heat dissipation directly affects the
performance and the service life of the LED module. Accord-
ingly, heat-sink devices of various materials and shapes have
been used in the prior art, such as a heat-sink device made
of aluminum, which has good heat dissipation performance but
has a relatively large weight. Therefore, at present, a
heat-sink device made of thermally conductive plastic has
found more and more applications. In order to improve the
heat dissipation performance of such a type of heat-sink de-
vice, a plurality of heat-sink fins distributed uniformly are
provided on the circumference of the heat-sink device, and on
the contact surface between the heat-sink device and the
printed circuit board of the LED module there is provided
with a metal plate or a bucket-shaped metal insert, said
metal plate or said bucket-shaped metal insert being gener-
ally molded into a thermally conductive plastic body of the
heat-sink device during a process of manufacturing the heat-
sink device. However, in terms of the heat dissipation per-

formance of the heat-sink device, what plays a decisive role
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is the heat dissipation performance of respective heat-sink
fins of the heat-sink device. The existing types of plastic
heat-sink device fail to substantively improve the heat dis-

sipation performance of the whole heat-sink device.

Summary of the Invention

Therefore, the object of the present invention is to provide
a heat-sink device with improved heat dissipation perform-
ance. Said heat-sink device has good heat dissipation per-
formance and a relatively small weight, and is lower in cost
as compared with the traditional full metal heat-sink device.
Another object of the present invention is to provide a

method of manufacturing the above type of heat-sink device.

The first object of the present invention is realized by a
heat-sink device, viz. the heat-sink device comprises a first
heat-sink structure in thermal contact with an object from
which heat to be dissipated and a second heat-sink structure,
wherein the first heat-sink structure is composed of a plu-
rality of first heat-sink fins and the second heat-sink
structure 1is composed of a plurality of second heat-sink
fins, wherein the first heat-sink fins are inserted into
cavities formed in the second heat-sink fins. The heat-sink
device according to the present invention is generally ap-
plied in illumination systems, especially in a LED illumina-
tion system. The heat generated by the chip of the LED mod-
ule acting as a light source is transferred to the first
heat-sink structure and the second heat-sink structure of the
heat-sink device via a printed circuit board carrying the LED
chip. The heat-sink device according to the present inven-
tion can decrease rapidly the junction temperature of the LED
chip, thereby improving significantly the lumen efficiency of

the LED chip and prolonging the service life of the LED mod-
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ule.

It is provided according to the present invention that the
first heat-sink fins have higher thermal conductivity than
the second heat-sink fins. In the design solution of the
present invention, the first heat-sink fins are generally
made of pure metal such as copper, aluminum, etc. and are
also, of course, made of other metal with high thermal con-
ductive performance, while the second heat-sink fins are made
of thermally conductive plastic. The first heat-sink fins
are inserted into the cavities of the second heat-sink fins
and the first heat-sink fins have higher thermal conductive
performance, which improve significantly the heat dissipation
performance of the second heat-sink fins, further improve the
heat dissipation performance of the whole heat-sink device,
accelerate the heat dissipation of the LED chip, and achieve
the purpose of decreasing rapidly the junction temperature of

the LED chip.

According to one preferred design solution of the present in-
vention, the first heat-sink structure also has a support
component, the support component supporting the object from
which heat to be dissipated, which is generally designed as a
LED module, and being connected to each of the first heat-
sink fins for heat conduction. By using said support compo-
nent, the heat from the LED module is allowed to be trans-
ferred uniformly to each of the first heat-sink fins so as to

dissipate heat uniformly.

Preferably, the second heat-sink structure also has a base,
the base having a receiving part for receiving the support
component. The support component is stably received in the
base, such that the object from which heat to be dissipated,

acting as a LED module, can also be held in the base. And



10

15

20

25

30

WO 2012/175263 PCT/EP2012/059427

the LED module is enclosed as much as possible by the heat-
sink device, which is more beneficial for the heat dissipa-

tion of the LED module.

Preferably, the support component comprises a thermal conduc-
tion plate and a mounting plate superimposing together,
wherein the first heat-sink fins are embedded into the ther-
mal conduction plate and the mounting plate, respectively,
and the mounting plate makes each of the first heat-sink fins
connected into one entirety. One surface of the thermal con-
duction plate is in close contact with the object from which
heat to be dissipated and the other surface is supported by
the mounting plate, and the mounting plate abuts against the
corresponding bottom surface of the receiving part of the
base. FEach of the first heat-sink fins are embedded into the
lateral sides of the thermal conduction plate and the mount-
ing plate. By using such a structure, each of the first
heat-sink fins can be favorably held in the mounting plate
and can make the heat from the thermal conduction plate dis-

sipate uniformly.

Further preferably, the thermal conduction plate and the
mounting plate are respectively provided with a plurality of
grooves, and the first heat-sink fins are inserted into the
grooves, respectively, so as to ensure a thermally conductive
connection between the thermal conduction plate and the first
heat-sink fins and a fixed connection between the mounting

plate and the first heat-sink fins.

It is provided according to the present invention that the
second heat-sink fins and the base are made of thermally con-
ductive plastic in one piece having a thermal conductivity
between 1 to 4 W/m-k. In a preferred design solution of the

present invention, the thermally conductive plastic could be



10

15

20

25

30

WO 2012/175263 PCT/EP2012/059427

PP, PPS, PA or ABS etc., which reduces significantly the
weight of the whole heat-sink device and simplifies a manu-

facturing process.

Preferably, like the first heat-sink fins, the thermal con-
duction plate is also made of metal material having thermal
conductivity higher than 4 W/m-k. In a preferred design solu-
tion of the present invention, the first heat-sink fins, the
thermal conduction plate could also be made of copper- or
aluminum-based materials, or the like and is also, of course,
made of other metal with high thermal conductive performance.
The heat from the LED chip can be transferred rapidly to the

first heat-sink fins via the thermal conduction plate.

Another object of the present invention lies in providing a
method for manufacturing a heat-sink device, said method com-
prising the following steps: a) providing a first heat-sink
structure with a plurality of first heat-sink fins; b) pro-
viding a second heat-sink structure made of thermally conduc-
tive plastic, the second heat-sink structure comprising a
base and second heat-sink fins extending outward in a radial
direction on an outer surface of the base, wherein cavities
are formed in the second heat-sink fins; c¢) inserting the
first heat-sink fins into the cavities of the second heat-
sink fins; and d) packaging by plastic injection the first
heat-sink fins and the second heat-sink fins using thermally
conductive plastic. The heat-sink device manufactured using
said method has good heat dissipation performance and a rela-
tively small weight, and is lower in cost as compared with

the traditional full metal heat-sink device.

Preferably, in the step a) there further includes a process
of connecting the plurality of first heat-sink fins into one

entirety via a mounting plate. The respective first heat-
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sink fins are firmly connected together by the mounting
plate, which makes a process of inserting the first heat-sink
fins into the cavities of the second heat-sink fins more sim-

ple.

Further preferably, in the step a) there further includes a
process of providing a thermal conduction plate for support-
ing an object from which heat to be dissipated on the mount-
ing plate so as to connect the thermal conduction plate to
each of the first heat-sink fins for heat conduction. By
setting the thermal conduction plate, the heat from the ob-
ject from which heat to be dissipated can be more favorably

transferred to each of the first heat-sink fins.

Brief Description of the Drawings

The accompanying drawings constitute a part of the Descrip-
tion and are used to provide further understanding of the
present invention. Such accompanying drawings illustrate the
embodiments of the present invention and are used to describe

the principles of the present invention together with the De-

scription. In the accompanying drawings the same components
are represented using the same reference. As shown in the
drawings:

Fig. 1 is an exploded perspective view of a heat dissipation

device according to the present invention;

Fig. 2 is an exploded perspective view of a first heat-sink
structure of a heat-sink device according to the present in-

vention; and

Fig. 3a to Fig. 3c are flow charts of assembling according to

a manufacturing method of the present invention.
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Detailed Description of the Embodiments

Fig. 1 is an exploded perspective view of a heat dissipation
device according to the present invention. From Fig. 1, it
can be seen that the heat-sink device comprises a first heat-
sink structure A and a second heat-sink structure B, wherein
the first heat-sink structure A has a plurality of independ-
ent first heat-sink fins 1 which are made of metal, espe-
cially made of copper or aluminum. In addition, the first
heat-sink structure A also has a support component C which
supports an object from which heat to be dissipated not
shown, which is a LED module, and the support component C is
connected to each of the first heat-sink fins 1. In a spe-
cific embodiment of the present invention, the support compo-
nent C is designed as a circular disk, and each of the first
heat-sink fins 1 are uniformly inserted into the circumfer-

ence of the circular disk-shaped support component C.

From Fig. 1, it can be seen that the heat-sink device accord-
ing to the present invention also comprises the second heat-
sink structure B which has a base 4. The base 4 is designed
as a cylindrical shape and a plurality of second heat-sink
fins 2 integrated with the base 4 are formed on the outer
surface of the base 4. In addition, a receiving part 5 is
formed in the base 4. In the design solution of the present
invention, the base 4 and the second heat-sink fins 2 are
formed into one entirety by a process of plastic injection
using thermally conductive plastic. From the figure, it can
be seen that a cavity 3 is formed on each second heat-sink
fin 2, and the first heat-sink fins 1 of the first heat-sink
structure A are inserted into the cavities 3 to form an inte-
gral heat-sink device. 1In order to make the first heat-sink
fins 1 in better contact with the second heat-sink fins 2,

the molten thermally conductive plastic, after completion of
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assembling, can be filled into the gaps between the first
heat-sink fins 1 and the second heat-sink fins 2 and is then
cured. In the heat-sink device having been assembled, the
first heat-sink fins 1 are completely inserted into the cavi-
ties 3 of the second heat-sink fins 2 and the support compo-

nent C is received in the receiving part 5.

Fig. 2 is an exploded perspective view of the first heat-sink
structure A of the heat-sink device according to the present
invention. From the figure, it can be seen that the first
heat-sink structure A comprises a plurality of the first
heat-sink fins 1 as well as the thermal conduction plate 6
and mounting plate 7 constituting the support component C.
In the design solution of the present invention, the thermal
conduction plate 6 is made of copper or aluminum, and the
mounting plate 7 is made of thermally conductive plastic. A
plurality of grooves 8 are provided on the circumference of
the thermal conduction plate 6 and the mounting plate 7. The
first heat-sink fins 1 are inserted into the grooves (8), re-
spectively, which makes the plurality of first heat-sink fins
1 held stably in the mounting plate 7 so as to facilitate as-
sembling. In the final state of assembling, the mounting
plate 7 abuts against the bottom surface of the receiving
part 5 of the base 4, while one surface of the thermal con-
duction plate 6 abuts against the mounting plate, and the
other surface thereof abuts against the object from which
heat to be dissipated, that is a LED module. Moreover, the
thermal conduction plate 6 is also in contact with the first
heat-sink fins 1, such that the heat of the LED module 1is

transferred to the second heat-sink structure B.

Fig. 3a to Fig. 3c are flow charts of assembling according to
a manufacturing method of the present invention. First, in

the step a) there is provided the first heat-sink structure
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A. In said step, first, there are provided the plurality of
first heat-sink fins 1, the thermal conduction plate 6, and
the mounting plate 7 (see Fig. 3a); second, these first heat-
sink fins 1 are inserted into the corresponding grooves 8 of
the mounting plate 7 to form a stable integral structure (see
Fig. b); finally, the thermal conduction plate 6 1is placed
above the mounting plate 7, and the respective first heat-
sink fins 1 engages with the grooves 8 of the thermal conduc-
tion plate 6 so as to form a good thermally conductive con-
nection with the thermal conduction plate (see Fig. 3c). In
the step b), there is provided the second heat-sink structure
B made of thermally conductive plastic, and the second heat-
sink structure comprises the base 4 and the second heat-sink
fins 2 extending outward in a radial direction on the outer
surface of the base, wherein the cavities 3 are formed in the
second heat-sink fins 2 (see Fig. 3d). In the step c¢), the
first heat-sink fins 1 are inserted into the cavities 3 of
the second heat-sink fins 2, and in the step d), the first
heat-sink fins 1 and the second heat-sink fins 2 are packaged
by plastic injection using thermally conductive plastic so as
to form the heat-sink device according to the present inven-

tion (see Fig. 3e).

The descriptions above are only preferable embodiments of the
present invention and are not used to restrict the present
invention. For those skilled in the art, the present inven-
tion may have various changes and variations. Any modifica-
tions, equivalent substitutions, improvements etc. within the
spirit and principle of the present invention shall all be

included in the scope of protection of the present invention.
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10
List of reference signs
1 first heat-sink fins
2 second heat-sink fins
3 cavities
4 a base
5 a receiving part
6 a thermal conduction plate
7 a mounting plate
3 grooves
A a first heat-sink structure
B a second heat-sink structure

C a support component
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Patent claims

1. A heat-sink device, characterized in that, the heat-sink
device comprises a first heat-sink structure (A) in thermal
contact with an object which heat to be dissipated and a sec-
ond heat-sink structure (B), wherein the first heat-sink
structure (A) is composed of a plurality of first heat-sink
fins (1) and the second heat-sink structure (B) is composed
of a plurality of second heat-sink fins (2), wherein the
first heat-sink fins (1) are inserted into cavities (3)

formed in the second heat-sink fins (2).

2. The heat-sink device according to Claim 1, character-
ized in that, the first heat-sink fins (1) have higher ther-

mal conductivity than the second heat-sink fins (2).

3. The heat-sink device according to Claim 1, characterized
in that, the first heat-sink structure (A) also has a support
component (C), the support component (C) supporting the ob-
ject from which heat to be dissipated and being connected to

each of the first heat-sink fins (1) for heat conduction.

4, The heat-sink device according to Claim 3, characterized
in that, the second heat-sink structure (B) also has a base
(4), the base (4) having a receiving part (5) for receiving

the support component (C).

5. The heat-sink device according to Claim 4, characterized
in that, the support component (C) comprises a thermal con-
duction plate (6) and a mounting plate (7) superimposing to-
gether, wherein the first heat-sink fins (1) are embedded
into the thermal conduction plate (6) and the mounting plate
(7), respectively, and the mounting plate (7) makes each of

the first heat-sink fins (1) connected into one entirety.



10

15

20

25

30

WO 2012/175263 12 PCT/EP2012/059427

6. The heat-sink device according to Claim 5, characterized
in that, the thermal conduction plate (6) and the mounting
plate (7) are respectively provided with a plurality of
grooves (8), and the first heat-sink fins (1) are inserted

into the grooves (8), regpectively.

7. The heat-sink device according to Claim 4, characterized
in that, the second heat-sink fins (2) and the base (4) are
made of thermally conductive plastic in one piece having a

thermal conductivity between 1 to 4 W/ m-k.

3. The heat-sink device according to Claim 7, characterized
in that, the thermally conductive plastic is PP, PPS, PA or
ABS.

9. The heat-sink device according to Claim 5, characterized
in that, the first heat-sink fins (1) and the thermal conduc-
tion plate (6) are made of metal material having thermal con-

ductivity higher than 4 W/ m-k.

10. The heat-sink device according to Claim 9, characterized
in that the first heat-sink fins (1) and the thermal conduc-
tion plated (6) are made of copper- or aluminum-based materi-

als.

11. A method for manufacturing a heat-sink device, charac-
terized by the following steps:

a) providing a first heat-sink structure (A) with a plurality
of first heat-sink fins (1);

b) providing a second heat-sink structure (B) made of ther-
mally conductive plastic, the second heat-sink structure (B)
comprising a base (4) and second heat-sink fins (2) extending

outward in a radial direction on an outer surface of the base
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(4), wherein cavities (3) are formed in the second heat-sink
fins (2);

c) inserting the first heat-sink fins (1) into the cavities
(3) of the second heat-sink fins (2); and

d) packaging by plastic injection the first heat-sink fins
(1) and the second heat-sink fins (2) using thermally conduc-

tive plastic.

12. The manufacturing method according to Claim 11, charac-
terized in that, in the step a) there further includes a
process of connecting the plurality of first heat-sink fins

(1) into one entirety via a mounting plate (7).

13. The manufacturing method according to Claim 12, charac-
terized in that, in the step a) there further includes a
process of providing a thermal conduction plate (6) for sup-
porting an object from which heat to be dissipated on the
mounting plate (7) so as to connect the thermal conduction
plate (6) to each of the first heat-sink fins (1) for heat

conduction.
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Figure 2
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Figure 3b
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Figure 3d
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Figure 3e
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