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(57) Abstract: The invention relates to a
cooling arrangement 1 comprising a heat
generating electronic device 4; a heat
sink 8 for dissipating the heat generated
by the electronic device 4; a plate section
6 being arranged between the electronic
device 4 and the heat sink 8; and a ther-
mal paste contacting the plate section 6
with the heat sink 8 in a first area 10 and
the plate section 6 with the electronic de-
vice 4 in a second area 11, whereby one
or more openings 12 in the plate section
6 are filled with the thermal paste and
form a connection between the first and
the second area.
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Description

title
Cooling Arrangement and Method for Assembling the Cooling Arrangement

State of the art

The invention relates to a cooling arrangement. More specifically the invention
relates to a cooling arrangement comprising a heat generating electronic device,
a heat sink for dissipating the heat generated by the electronic device, a plate
section being arranged between the electronic device and the heat sink and a
thermal paste contacting the plate section with the heat sink in a first area and
the plate section with the electronic device in a second area. Furthermore, the
invention relates to a method for assembling the said cooling arrangement.

Processing panels comprise one or more electronic devices often realized as
active processing units like microcontrollers, DSPs, CPUs or the like. Due to the
increasing operating frequencies and additionally due to the miniaturizing trend of
these electronic devices the issue of dissipating the heat generated by the
electronic devices is of increasing importance. The reason for the importance is
that in case the dissipating of the heat is not sufficiently provided, the reliability
and the lifetime of the electronic device and thus of the processing panel
decrease dramatically.

It is known to use heat sinks, which are often embodied as aluminum bodies with
fins or fans being thermally connected or coupled with the electronic device in
order to dissipate the heat generated by the electronic device by means of heat
conduction through the aluminum body and then by heat convection.

The document GB 22279807 A1 is addressed to a heat sink assembly for a multi-
chip module and appears to be equivalent to the German document DE 44 10
467 C2. This document seems to represent the closest state of the art. In the



10

15

20

25

30

35

WO 2010/142333 PCT/EP2009/057213

document(s) a heat sink assembly is proposed for cooling a plurality of chips
arranged on a printed circuit board, whereby according to Fig. 3 of the document
one of the chips is thermally coupled by a thermal paste with a thermally
conductive plate which is again thermally coupled by a second layer of thermal
paste with the heat sink made of metal for dissipating the heat generated by the
chip. Thus the way of heat conduction starts at the chip by generating the heat,
which is conducted by the first layer of thermal paste to the thermally conductive
plate and furthermore transported by the second layer of thermal paste from the
thermally conductive plate to the heat sink.

Summary of the invention

According to the invention a cooling arrangement with the features of claim 1 and
a method for assembling the cooling arrangement with the features of claim 11
are proposed. Preferred or advantageous embodiments of the invention are
disclosed by the dependent claims, the description and the figures as attached.

The invention relates to a cooling arrangement comprising at least one heat
generating electronic device. The cooling arrangement may only comprise one
single electronic device or may comprise a plurality of such electronic devices,
which may especially be realized in different ways and/or adapted to provide
different functions. The electronic device or devices, respectively, may preferably
be realized as an active device, especially an integrated circuit device or a chip,
and/or may be realized as a processing unit, microcontroller, DSP, FPGA and/or
any other digital processing unit.

The cooling arrangement further comprises a heat sink for dissipating the heat
generated by the electronic device whereby the dissipation is preferably realized
and/or supported by heat convection.

Further a plate section is arranged between the electronic device and the heat
sink. The plate section may be a part of a more complex component, which
allows for example a mechanically securing of the electronic device and/or an
enhanced heat flow between electronic device and heat sink and/or other
functionalities as explained later. The plate section covers preferably the whole or
complete electronic device.
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A thermal paste is provided, which contacts on the one hand side the plate
section with the heat sink in a first area and on the other hand side the plate
section with the electronic device in a second area. Each area can be realized as
a layer, especially as a layer with a closed region or as a plurality of segments,
like a plurality of dot regions.

The thermal paste is optionally called thermal grease, heat paste, heat sink paste
and/or heat transfer paste and is especially a fluid substance preferably with
mechanical properties similar to grease. The thermal paste increases the thermal
conductivity of a thermal interface by compensating the irregular surfaces of the
components. Thermal pastes may use or comprise one or more different
thermally conductive substances like ceramic-based, metal-based and/or carbon-
based substances. Preferably a thermal paste is used having a thermal
conductivity between 0.5 — 5 W/(m - K). In other embodiments the thermal
conductivity may be higher like more than 50 W/(m-K) or even higher than 100
W/(m-K).

According to the invention it is proposed to provide at least one opening,
especially hole in the plate section which is/are filled with the thermal paste for
connecting the first and the second area. It is especially possible that the thermal
paste in the at least one opening forms the second area. Thus, the first and the
second area are fluidically and/or thermally connected by the at least one
opening in the plate section, especially so that a direct thermal passage way is
formed between the electronic device and the heat sink.

It is a finding of the invention that providing areas of thermal paste on the contact
surfaces of the electronic device and the heat sink allows that the cooling
arrangement can be assembled without applying too strong forces on the
electronic device as the thermal contact between electronic device, plate section
and heat sink is realized in a tension-reduced manner by the areas of thermal
paste.

A further advantage results from the fact that providing the openings or holes in
the plate sections enables a free distribution of the thermal paste between the
two areas. As a consequence the assembling of the cooling arrangement is
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simplified, because the amounts of thermal grease deposited for the first and
second layer can mutually balance by flowing through the openings. It is also
possible that the thermal paste is only deposited in one area and flows in a self-
acting manner to the other area.

Thus, it is preferably claimed, that the openings are adapted to allow the thermal
paste to protrude and/or to flow from one area to the other area, especially during
assembling of a cooling arrangement. Preferably, the openings have a maximum
diameter between 1 mm and 7 mm, preferably between 2 mm and 5§ mm. This
dimension of the openings makes it possible to put the thermal paste just on one
side of the plate section, i.e. on the position of the first area or on the position of
the second area, and distribute the thermal paste between the two layers during
the assembly. The overall area of the openings are for example larger than 50%,
preferably larger than 60% and especially larger than 80% of the surface of the
electronic device covered by the plate section.

In a preferred development of the invention the plate section is part of an
electromagnetic-shielding cover of the electronic device. The cover is adapted to
shield the electronic device from emitting and/or receiving high-frequency
radiation, which could disturb the electronic device and/or other electronic
devices. It is furthermore preferred, that the electromagnetic-shielding cover is
adapted to shield frequencies corresponding to the frequency of the electronic
device. The frequency of the electronic device may be its operating frequency,
which is for example more than 10 MHz, especially more than 20 MHz.

It is especially preferred, that the electromagnetic-shielding cover further
comprises side plate sections surrounding and/or encompassing the electronic
device. In this embodiment the electronic device is shielded in a vertical direction
and four horizontal directions. Preferably, the electromagnetic-shielding cover is
made of metal. Returning to the issue of the maximum diameters of the openings
it is preferred, that the maximum diameter is adapted to the frequency of the
electronic device, so that the shielding function is not disturbed.

In yet a further preferred embodiment the heat sink comprises a passive section,
for example an extruded aluminum body optionally with a plurality of fins. In a
possible realization, the passive section is embodied as a housing for the cooling
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arrangement. Additionally, the heat sink may comprise an active section, for
example a fan for actively dissipating the heat by heat convection.

In one possible development the cooling arrangement is embodied as a
processing panel, whereby the electronic device is arranged on a printed circuit
board and the heat sink and/or the electromagnetic-shielding cover is
mechanically coupled to the printed circuit board. The contact of the electronic
device with the printed circuit board or a respective adapter structure may be
realized for example as a BGA (ball grid array). The contact of the
electromagnetic-shielding cover with the printed circuit board may be realized by
soldering.

In a special embodiment, reflecting the possible advantages of the invention, it is
preferred, that the second area is arranged on the electronic device in a tension-
free manner. Especially no or only a little compressive force is applied from the
second area to the electronic device.

In a further development of the invention the cooling arrangement comprises a
plurality, at least two, of the electronic devices, whereby the plate section is
realized as a common plate section for the plurality of the electronic devices.
Such an arrangement can be called as a multiple chip module (*MCM"). In this
arrangement an individual second area is allocated to each electronic device,
which shall be thermally coupled to the common plate section. The advantage of
this development is that due to the fluidic form of the thermal paste differences in
heights resulting from different heights of the electronic devices or misalignments
during assembling the electronic devices can be easily compensated.

A further subject-matter of the invention relates to a method for assembling the
cooling arrangement as described before with the features of claim 11. In the
claimed method a portion of the thermal paste is arranged on one side of the
plate section and thus defining one of the areas. For example, the portion of the
thermal paste may be deposited on the side of the plate section facing the heat
sink. The thermal paste may be attached to the plate section or to the
corresponding side of the heat sink. According to the invention the other area is
formed by protruding or by flowing the thermal paste through or in the at least
one opening of the plate section.
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The advantage of this subject-matter can be seen in that the thermal paste needs
only to be deposited once and not - as known by the cited prior art — twice during
the assembly process. A further possible advantage is that the thermal paste is
distributed by means of mounting the heat sink, so that the distribution of the
thermal paste is fulfilled as one of the last steps during assembling of the cooling
arrangement. As a consequence the risk of accidental contamination of other
regions by the distributed thermal paste is reduced.

Summarized the possible advantages of the invention are that the thermal paste
fills all the air gaps, tolerances and the like, so that no external force is needed to
achieve a good thermal conductivity between electronic device, plate section and
heat sink. The thermal paste only has to be applied once due to the fact that the
cover or the plate section has holes in it. Furthermore, the construction according
to the inventions results in a lower bill of material (BOM).

Further advantages or features of the invention will be apparent by the following
description of a preferred embodiment of the invention and the figures as
attached. The figures show:

Fig. 1 a 3D view of a cooling arrangement as an embodiment of the invention;

Fig. 2 a schematic cross-sectional view of the cooling arrangement of Fig.1.

Fig. 1 shows a 3D schematic view of a cooling arrangement 1 realized as a
processing panel, which - for example - can be used in digital cameras for digital

image processing, as an embodiment of the invention.

The cooling arrangement 1 comprises a printed circuit board 2 on which a
plurality of components 3 are arranged and electrically contacted by the board 2.
In the middle of the board 2 a chip 4 as an electronic device is arranged and
electrically contacted with the board 2 by a ball grid area (not shown). The chip 4
has a rectangular shape with the dimensions of for example 18 mm* 18 mm.

The chip 4 is covered by a metal or metalized shielding cover 5 which comprises
a horizontal plate section 6 and four side plate sections 7, which are arranged
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perpendicular to the plate section 6. The cover 5 is for example made from a
metal sheet by cutting and bending the sheet. The cover 5 has the function to
shield electromagnetic waves generated by the chip 4 or at least attenuating
these electromagnetic waves. The cover 5 is dimensioned larger than the chip 4,
so that the cover 5 can encompass the chip 4. The cover is electrically contacted
and mechanically fixed to the board 2 by soldering. For example the cover 5 has
four legs (not shown) which are soldered to the board 2. The plate section 6
shows a plurality of holes 12 of a circular shape with a diameter of approximately
4 mm. According to the embodiment of Fig. 1 the plurality of holes 12 comprises
a central hole and six further holes 12 which are arranged in a circle around the
central hole, other distributions are possible. The form and diameter of the holes
12 are chosen so that the feature of the electromagnetic shielding of the chip 4 is
not disturbed.

In order to ensure a cooling of the chip 4 a heat sink 8, realized as a 3D bended
sheet metal part is provided, which shows a contact area 9 being adapted to
have a touching or at least nearly touching contact with the cover 5 in the area of
plate section 6. The heat sink 8 is furthermore designed as housing for the

cooling arrangement 1.

Fig. 2 shows a schematic cross-sectional view of the cooling arrangement 1 in an
assembled state, whereby same numbers designate same components as in the
Fig. 1.

In order to enhance the thermal contact between chip 4 and heat sink 8 a thermal
paste is used. A first area 10 of the thermal paste embodied as a layer is
disposed between the plate section 6 of the cover 5 and the heat sink 8 in the
region of the middle area 9. The layer may have an average thickness of for
example 0.5 mm. A second area 11 of the thermal paste is arranged in the holes
12 and contacts the chip 4. Thus the first and second area 10, 11 form a direct
heat passage-way from the chip 4 to the heat sink 8. Heat generated by the chip
4 is transferred by the second area 11 of thermal paste to the first area 10 of the
thermal paste and then to the heat sink 8. The plate section 6 works as a thermal
shortcut between the two areas 10, 11 and/or as a distribution means for
distributing the heat.
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During assembly of the cooling arrangement 1 the thermal paste flows so that
after a relaxation of the thermal paste the arrangement is tension-free or nearly
tension-free in view of the chip 4. On the other hand side the two areas 10, 11 of
thermal paste allow a reliable thermal contact between chip 4, plate section 6 and
heat sink 8.

In a possible assembling method of the cooling arrangement 1 the chip 4, the
cover 5 and the other components 3 are mounted to the board 2. Then a drip or
portion of thermal paste is placed on the plate section 6. Next, the heat sink 8 is
mounted, whereby the thermal paste is deformed to a flat disc and parts of the
thermal paste are pressed or protruded through the holes 12. It is possible that
some of the thermal paste is pressed between the plate section 6 and the chip 4.
After the heat sink 8 reaches its final position, the disc forms the first area 10 and
the protruded thermal paste the second area 11.

As an advantage of this assembling method it can be seen, that the thermal
paste needs only to be inserted once into the cooling arrangement 1 and
distributes itself freely on both sides of the cover 5, especially the plate section 6,
thereby forming the first and the second area 10, 11.
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Claims

1.

Cooling arrangement (1) comprising

a heat generating electronic device (4);

a heat sink (8) for dissipating the heat generated by the electronic device (4);

a plate section (6) being arranged between the electronic device (4) and the
heat sink (8); and

a thermal paste contacting the plate section (6) with the heat sink (8) in a first
area (10) and the plate section (6) with the electronic device (4) in a second
area (11),

characterized by

one or more openings (12) in the plate section (6) being filled with the
thermal paste and forming a connection between the first and the second
area (10,11).

Cooling arrangement (1) according to claim 1, characterized in that the
openings (12) are adapted to allow the thermal paste to protrude and/or to
flow from one area to the other area (10,11) during assembling of the cooling
arrangement (1).

Cooling arrangement (1) according to claim 1 or 2, characterized in that the
openings (12) have a maximum diameter larger than 1 mm, preferably larger

than 2 mm and/or smaller than 7 mm, preferably smaller than 5 mm.

Cooling arrangement (1) according to one of the preceding claims,
characterized in that the plate section (6) is part of an electromagnetic-
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10.

11.

-10 -

shielding cover (5) of the electronic device (4).

Cooling arrangement (1) according to claim 4, characterized in that the
electromagnetic-shielding cover (5) is adapted to shield frequencies
corresponding to the frequency of the electronic device (4).

Cooling arrangement (1) according to claim 4 or 5, characterized in that the
electromagnetic-shielding cover (5) comprises side plates (5) surrounding
and/or encompassing the electronic device (4).

Cooling arrangement (1) according to one of the preceding claims,
characterized in that the heat sink (8) comprises fins and/or a fan for
dissipating the heat.

Cooling arrangement (1) according to one of the preceding claims,
characterized in that the electronic device (4) is arranged on a printed circuit
board (2) whereby the heat sink (8) and/or the electromagnetic-shielding
cover (5) is mechanically coupled to the printed circuit board (2).

Cooling arrangement (1) according to one of the preceding claims
characterized in that the second area (10) is arranged on the electronic

device in a tension-free manner.

Cooling arrangement (1) according to one of the preceding claims
characterized by comprising a plurality of the electronic devices (4), whereby
the plate section (6) is realized as a common plate section for the plurality of
the electronic devices (4).

Method for assembling the cooling arrangement (1) of one of the preceding
claims, characterized in that a portion of the thermal paste is arranged on
one side of the plate section (6) defining one of the areas, whereby the other
area is formed by protruding the thermal paste through the openings (12) of
the plate section (6).

PCT/EP2009/057213
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Fig. 2
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