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HEAT SINK HAVING A COOLING STRUCTURE WITH DECREASING STRUCTURE DENSITY

FIELD OF THE INVENTION

The present invention relates generally to heat sinks, and more particularly to heat sinks
compirising a cooling structure with an outwards decreasing material density. The heat
sinks of the present invention may for example be used for dissipating heat generated by

electrical or electronic components and assemblies.

BACKGROUND OF THE INVENTION

With the rapid rise in power dissipated by integrated circuits, improved heat sink designs
are needed to decrease the thermal resistance between them and forced air streams.
Manufacturing methods such as extrusion, machining and die-casting have been used to
fabricate conventional longitudinal fin designs. Although these technologies add relatively
little cost, they preclude the fabrication of more complex heatsink designs. But more

complex structures may be needed to improve the performance of heat sinks.

Heat sinks of a more complex structure are described by Hernon et al. in US Patent App.
No 2009/0321045 A1. Hernon et al. introduces the concept of using 3-D printing of a
sacrificial pattern and subsequent investment casting to form complex structured heat
sinks. A typical 3-D printer uses a laser and a liquid photopolymer to produce a 3-D form
by a succession of solid layers, with an example being a stereolithography rapid

prototyping system.

One 3-D printing process or additive manufacturing process being well suited for
manufacturing complex structured heat sinks is the selective laser melting (SLM) process.
The process called selective laser melting started at the Fraunhofer Institute ILT in

Aachen, Germany, in 1995.

Selective laser melting (SLM) is an additive manufacturing process that uses 3D CAD
data as a digital information source and energy in the form of a high powered laser beam
(usually an ytterbium fiber laser) to create three-dimensional metal parts by fusing fine

metallic powders together. The industry’s standard term is laser sintering, although this is
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acknowledged as a misnomer because the process fully melts the metal into a solid
homogeneous mass. The process starts by slicing the 3D CAD file data into layers,
usually from 20 to 100 micrometres thick, creating a 2D image of each layer; this file
format is the industry standard .stl file used on most layer-based 3D printing or
stereolithography technologies. This file is then loaded into a file preparation software
package that assigns parameters, values and physical supports that allow the file to be

interpreted and built by different types of additive manufacturing machines.

With SLM thin layers of atomized fine metal powder are evenly distributed using a coating
mechanism onto a substrate plate, usually metal, that is fastened to an indexing table that
moves in the vertical (Z) axis. This takes place inside a chamber containing a tightly
controlled atmosphere of inert gas, either argon or nitrogen at oxygen levels below 500
parts per million. Once each layer has been distributed each 2D slice of the part geometry
is fused by selectively applying the laser energy to the powder surface, by directing the
focused laser beam using two high frequency scanning mirrors in the X and Y axes. The
laser energy is intense enough to permit full melting (welding) of the particles to form solid

metal. The process is repeated layer after layer until the part is complete.

The types of applications most suited to the SLM process are complex geometries and
structures with thin walls and hidden voids or channels. Advantage can be gained when
producing hybrid forms where solid and partially formed or lattice type geometries can be

produced together to create a single object.

The heat sinks described by Hernon et al. have a base part and a heat exchange part

being monolithically connected together. Thus, the base part and the heat exchange part
are a single, continuous entity produced as a single, cast unit. The heat exchange part of
the heat sinks described by Hernon et al. have complex three dimensional structures, but

none of the structures suggested by Hernon et al. have a decreasing material thickness.

However, it has been found by the present inventor that very efficient heat sinks can be
obtained by using a cooling or heat exchange structure, in which the material density

decreases with the distance from the heat generating device, which is to be cooled.
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SUMMARY OF THE INVENTION

According to the present invention there is provided a heat sink for cooling a heat
generating device, said heat sink comprising:

a body part with a first surface for contacting the heat generating device; and

a cooling part connected to a second surface of the body part and holding a
cooling structure;

wherein the material density of the cooling structure or at least part of the cooling
structure decreases with increasing distance to the second and/or first surface of the body

part.

The decrease in the material density of the cooling structure with increasing distance to
the second surface and/or the first surface of the body part, may be observed or
measured when taken along a direction being substantially perpendicular to the first

surface of the body part.

According to an embodiment of the invention, the first surface is a first outer surface of
the body part and the second surface is a second outer surface of the body part. It is also
within one or more embodiments of the invention that the second surface is opposing the

first surface.

It is within an embodiment of the invention that when defining a center line or axis being
substantially perpendicular to the first surface of the body part and going through the
center of the body part, the material density of the cooling structure or at least part of the
cooling structure decreases with increasing distance to said center axis. Thus, when
defining a center line or axis being substantially perpendicular to the first surface of the
body part and going through the center of the body part, the material density of the
cooling structure or at least part of the cooling structure may decrease with increasing
distance to the second and/or first surface of the body part when measured along said

center axis, and may further decrease with increasing distance to said center axis.

It is within one or more embodiments of the invention that the cooling part holds a mesh or
grid or lattice like cooling structure, which may be a three dimensional mesh or grid or

lattice like cooling structure.
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The cooling structure may be made of a material structure defining air and/or liquid flow
passages, and the total space taken up by the air and/or liquid flow passages within the
cooling structure may increase with increasing distance to the second and/or first surface
of the body part. The cooling structure may define a number of air and/or liquid flow
passages of different directions, whereby a number of air and/or liquid flow passages

intersect or cross each other.

For embodiments of the invention having a lattice like cooling structure, then at least part
of the lattice like cooling structure may be formed by different oriented lattice elements
being connected to each other at connecting points, and the material density may
decrease with increasing distance to the second and/or first surface of the body part for
several different oriented lattice elements being connected to each other at connecting

points.

For embodiments having a mesh or grid or lattice like cooling structure, then the mesh or
grid like cooling structure may be made of a material structure defining air and/or liquid

flow passages, and the total space taken up by the air and/or liquid flow passages within
the cooling structure may be larger than the total space taken up by the material parts of

the cooling structure.

The present invention also covers embodiments having a mesh or grid or lattice like
cooling structure, wherein the three dimensional grid or lattice like cooling structure is a
space grid structure. Here, the space grid structure may be a substantially modular space

grid structure.

For embodiments having a mesh or grid or lattice like cooling structure, the mesh or grid
or lattice like cooling structure may be made of a solid material structure defining air
and/or liquid flow passages. However, the invention also covers embodiments, wherein
the mesh or grid or lattice like cooling structure is made of a material structure defining air

and/or liquid flow passages, and wherein at least part of the material structure is hollow.

For embodiments having a mesh or grid or lattice like cooling structure, the mesh or grid
or lattice like cooling structure may be made of a material structure defining air and/or

liquid flow passages having a diameter increasing from below 5 mm to above 5 mm from
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the inner part of the cooling structure connected to the second surface and to the outer

bond of the cooling structure.

It is within one or more embodiments of the invention that the thickness of the body part
increases inwards from the outer edge or edges of the body part to the centre of the body
part. The thickness of the body part may increase inwards in all directions from the outer
edge or edges of the body part to the centre of the body part. The thickness of the body
part when measured along any edge part may be smaller than the thickness measured at

the centre of the body part.

The present invention covers one or more embodiments, wherein the first surface of the

body part covers at least a centre part of an outer surface of the body part.

The present invention also covers one or more embodiments wherein the body part has a
lower outer surface holding the first surface, and wherein at least part of the second
surface forms a substantially upwards extending upper surface to which the cooling
structure is connected. According to one or more embodiments of the invention then at
least part of the second surface forms a substantially upwards curved upper surface to
which the cooling structure is connected. At least part of the second surface may form a
substantially upwards dome shaped upper surface to which the cooling structure is
connected. The second or upper surface may be substantially formed as a surface of

revolution.

The present invention also covers embodiments wherein at least part of the second
surface forms a substantially upwards cone or pyramid shaped upper surface to which the

cooling structure is connected.

It is within one or more embodiments of the invention that the first surface is an outer
surface of the body part and the second surface is an inner surface of the body part. Here,

the cooling structure may be directing inwards.

According to the present invention, the cooling part and cooling structure may be shaped
in several different ways. Thus, the cooling structure may comprise a number of fins

projecting or extending from the second surface. The thickness or width of the fins may
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decrease outwards in one or more directions away from the second surface of the body

part. The fins may be plate like or pin like.

For the heat sinks of the present invention, it is preferred that the body part and the

cooling part with the cooling structure is monolithically connected to each other.

Different materials may be used when manufacturing the heat sinks of the invention.
Thus, the body part, the cooling part and/or the cooling structure may be made of a metal
such as Aluminum or Copper, or made of a technical ceramics such as Aluminium Nitride
(AIN) or Silicon Carbide, or made of a composite containing graphite and/or carbon such

as graphene or carbon nanotubes.

In order to obtain a larger surface of the heat sinks cooling structure, the present invention
also covers embodiments, wherein at least part of the cooling structure has a micro-
structured surface. The present invention also covers embodiments, wherein at least part

of the cooling structure has a nano-structured surface.

According to the present invention, there is also provided a method for producing a heat
sink according to one or more of the above mentioned embodiments, wherein the method
comprises an additive manufacturing process. Here, the additive manufacturing process
may include a selective laser melting (SLM) process. The SLM process may uses a metal
for forming the three dimensional mesh or grid like cooling structure, wherein the metal

may be Aluminum or Copper.

Various embodiments are understood from the following detailed description, when read

with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates prior art heat sinks;

Fig. 2 illustrates a first embodiment of a heat sink with a mesh, grid or lattice like cooling
structure according to the invention;

Fig. 3 illustrates the heat distribution in the heat sink of Fig. 2;

Fig. 4 illustrates the airflow through the heat sink of Fig. 2;

Fig. 5 illustrates a heat sink with pin like fins according to an embodiment of the invention;
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Fig. 6 illustrates a heat sink with plate like fins according to an embodiment of the
invention;

Fig. 7 illustrates a double heat sink with plate like fins according to an embodiment of the
invention;

Fig. 8 illustrates a laptop computer with an integrated heat sink according to an
embodiment of the invention;

Fig. 9 illustrates a tablet computer with an integrated heat sink according to an
embodiment of the invention;

Fig. 10 illustrates a cylindrical shaped heat sink designed for water cooling according to
an embodiment of the invention;

Fig. 11 illustrates a second embodiment of a heat sink with a mesh, grid or lattice like
cooling structure according to the invention;

Fig. 12 illustrates a third embodiment of a heat sink with a mesh, grid or lattice like cooling
structure according to the invention;

Fig. 13 illustrates a fourth embodiment of a heat sink with a mesh, grid or lattice like
cooling structure according to the invention;

Fig. 14 illustrates a fifth embodiment of a heat sink with a mesh, grid or lattice like cooling
structure according to the invention;

Fig. 15 illustrates a sixth embodiment of a heat sink with a mesh, grid or lattice like cooling
structure according to the invention;

Fig. 16 illustrates a LED spot lamp having a chassis integrated with a heat sink with a
mesh, grid or lattice like cooling structure according to an embodiment of the invention;
Fig. 17 illustrates a cabinet integrated with a heat sink with a mesh, grid or lattice like
cooling structure according to an embodiment of the invention;

Fig. 18 illustrates another embodiment of a cabinet integrated with a heat sink with a
mesh, grid or lattice like cooling structure;

Fig. 19 illustrates a LED light engine having a back surface for connecting to a heat sink;
Fig. 20 illustrates a computer processor unit, CPU, having a surface for connecting to a
heat sink;

Fig. 21 illustrates a seventh embodiment of a heat sink with a mesh, grid or lattice like
cooling structure according to the invention;

Fig. 22 illustrates an eight embodiment of a heat sink with a mesh, grid or lattice like
cooling structure according to the invention;

Fig. 23 illustrates a ninth embodiment of a heat sink with a mesh, grid or lattice like

cooling structure according to the invention; and
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Fig. 24 illustrates a computer case with an integrated heat sink according to an

embodiment of the invention.

DETAILED DEDCRIPTION OF THE INVENTION

Fig. 1 illustrates three prior art heat sinks 100, 110, and 120. The first heat sink 100 has a
base or core 101 and curved cooling fins 102 connected to the core 101. The fins 102 all
have the same curve, and the material thickness of the fins 102 is equal all the way. The
heat sink 110 also has a base or core 111 and straight formed fins 112 connected to the
core 111, with the material thickness of the fins 112 being equal all the way along the fins
112. The heat sink 120 also has a base or core 121 and pin formed fins 122 connected to
the core 121, with the material thickness of the fins 122 being equal all the way along the
fins 122. The heat sinks 100, 110, and 120 are representative of the class of heat sinks

formed by conventional methods including extrusion, machining and die-casting.

Fig. 2 illustrates a first embodiment of a heat sink 200 according to the present invention,
which heat sink 200 may be formed using a 3-D printing and casting process, such as the
selective laser melting (SLM) process. The heat sink 200 has a body part 201 holding a
cooling part 202 with a mesh, grid or lattice like cooling structure. The heat sink 200 is
shown at different angles as 200a and 200b and as a cut through versions as 200c and
200d. The body part 201 has a first surface 203 for contacting a heat generating device,
and a second surface 204 holding or connected to the cooling part 202, which again
comprises or is formed by the grid like cooling structure. The body part 201 and the
cooling part 202 with the cooling structure are monolithically connected to each other. As
used herein, monolithic is defined to mean that the body part 201 and the cooling part 202

of the heat sink are a single, continuous entity.

For the heat sink 200 of Fig. 2, the body part 201 has a plane, lower surface 203 for
contacting the heat generating device, while the body part 201 has a substantially
upwards extending or upwards curved upper surface for connecting to the cooling part
202 with the cooling structure. The upwards curved body part 201 may be considered as
being substantially dome shaped, and the thickness of the body part 201 increases
inwards from the outer edge to the centre. It is seen that the thickness of the body part
201 increases inwards in all directions from the outer edge or edges of the body part 201

to the centre of the body part. It is also seen that the thickness of the body part 201 when
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measured along any edge part is smaller than the thickness measured at the centre of the
body part 201.

The cooling part 202 holds a three dimensional mesh, grid or lattice like cooling structure,
and the material thickness and thereby the material density of the cooling structure
decreases with increasing distance to the second and first surfaces 204, 203 of the body
part 201. The mesh, grid or lattice like cooling structure defines air or liquid flow passages
205, and the mesh, grid or lattice is formed so that the total space taken up by the air or
liquid flow passages within the cooling structure increases with increasing distance to the
second surface 204 of the body part 201. The total space taken up by the flow passages
within the cooling structure may be larger than the total space taken up by the material
parts of the cooling structure. For the heat sink 200, the cooling structure is formed so that
it defines flow passages of different directions, whereby a number of flow passages
intersect or cross each other. The cooling structure of the heat sink 200 may be
considered as a lattice like structure, which is formed by different oriented lattice elements
being connected to each other at connecting points. The material density of these
different oriented lattice elements decreases with increasing distance to the second
surface 204 of the body part 201.

The cooling structure of the cooling part 202 may be considered as a space grid structure.
The space grid may be formed in a regular or repeating way, while still having the material
thickness decreasing with the distance to the surface 204. For the heat sink 200 of Fig. 2,
the cooling structure is made of a solid material structure defining the flow passages.
However, the present invention also covers embodiments, wherein the material structure

defining the mesh, grid or lattice like cooling structure is hollow.

It is preferred that the diameter of the flow passages 205 increases from below 5 mm to
above 5 mm from the inner part of the cooling structure connected to the second surface

204 and to the outer bond of the cooling structure.

Fig. 3 illustrates the heat distribution in the heat sink 200 of Fig. 2, when a heat generating
device is located at the centre of the first surface 203 of the body part 201. Fig. 3 shows
the cut through heat sink 200d, and due to the upwards curved body part 201, the thermal

distances from the centre part of the first surface 203 to the different parts of the second
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surface 204 are almost equal, whereby the heat will be distributed equally at the second

surface 204 and the start of the cooling structure.

Fig. 4 illustrates the airflow through the heat sink 200 of Fig. 2, for the situation when a
heat generating device is located at the first surface 203 of the body part 201. Fig. 4
shows the cut through heat sink 200d. The cooling structure heats the air, thereby
creating a flow of air from the outskirt of the cooling structure to centre and further to the

upper boundary of the cooling structure.

Fig. 5 illustrates a heat 500 sink with pin like fins 502 according to an embodiment of the
invention. The heat sink 500 may also be formed using a 3-D printing and casting
process, such as the selective laser melting (SLM) process. The heat sink 500 has a body
part 501 holding a cooling part with a cooling structure being a number of pin like fins 502.
The heat sink 500 is show at different angles as 500a and 500b and as a cut through
versions as 500c. The body part 501 has a first surface 503 for contacting a heat
generating device, and a second surface 504 holding or connected to the cooling part with
the cooling fins 502. The body part 501 and the cooling fins 502 are monolithically

connected to each other.

For the heat sink 500 of Fig. 5, the body part 501 has a plane, lower surface 503 for
contacting the heat generating device, while the body part 501 has a substantially
upwards extending or upwards curved or domed shaped upper surface for connecting to
the cooling fins 502. The thickness or diameter and thereby the material density of the
cooling fins 502 decreases with increasing distance to the second surface 504 of the body
part 501. The total space taken up by air within the cooling structure or cooling fins 502
may be larger than the total space taken up by the cooling fins 502. For the heat sink 500
of Fig. 5, the body part 501 and the cooling structure or fins 502 are made of a solid

material structure.

The body part 501 of the heat sink 500 in Fig. 5 is domed shaped, but the present
invention also covers embodiments, in which the at least part of the second surface forms
a substantially upwards cone or pyramid shaped upper surface to which the cooling
structure is connected. The thickness of the body part 501 increases inwards in all

directions from the outer edge or edges of the body part 501 to the centre of the body
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part, and the thickness of the body part 501 when measured along any edge part is

smaller than the thickness measured at the centre of the body part 501.

Fig. 6 illustrates a heat sink 600 with plate like fins 602 according to an embodiment of the
invention. The heat sink 600 may also be formed using a 3-D printing and casting
process, such as the selective laser melting (SLM) process. The heat sink 600 has a body
part 601 holding a cooling part with a cooling structure being a number of plate like fins
602. The heat sink 600 is show at different angles as 600a and 600b. The body part 601
has a first plane surface 603 for contacting a heat generating device, and a second
upwards curved surface 604 holding or connected to the cooling part with the cooling fins
602. The body part 601 and the cooling fins 602 are monolithically connected to each
other. The thickness or width and thereby the material density of the plate like cooling fins
602 decreases with increasing distance to the second surface 604 of the body part 601.
Also here, the body part 601 and the cooling structure or fins 602 are made of a solid

material structure.

Fig. 7 illustrates a double heat sink 700 with plate like fins 702a, 702b according to an
embodiment of the invention. The heat sink 700 is made of two heat sinks being equal to
the heat sink 600 of fig. 6. Thus, the heat sink 700 has two body parts 701a, 701b each
holding a cooling part with a cooling structure being a number of plate like fins 702a,
702b. The heat sink 700 is show at different angles as 700a and 700b. The thickness or
width and thereby the material density of the plate like cooling fins 702a, 702b decreases
with increasing distance to the body part 701a, 701b.

Fig. 8 illustrates a laptop computer 800 with an integrated heat sink according to an
embodiment of the invention. The heat sink has a body part 801, which may be an integral
part of the laptop cover or chassis, where the heat generating devices such as integrated
circuits, may be secured or contacting an inner surface of the cover or chassis, which may
then be considered as a first surface of the body part 801. The heat sink further holds a
cooling part with a cooling structure 802, which is connected to a second surface 804 of
the body part 801.The cooling structure 802 shown in Fig. 8 is a three dimensional mesh,
grid or lattice like cooling structure 802, and the material thickness and thereby the
material density of the cooling structure 802 decreases with increasing distance to the
second surface 804 of the body part 801.The cooling structure 802 may be considered as

a lattice like structure, which is formed by different oriented lattice elements being
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connected to each other at connecting points. The material density of these different
oriented lattice elements decreases with increasing distance to the second surface 804 of
the body part 801. The cooling structure of the laptop computer 800 may also have other
forms, such as the plate like fins 602 of Fig. 6. Also here, the body part 801 and the
cooling structure 802 are monolithically connected to each other, and the cooling structure

802 is made of a solid material structure.

Fig. 9 illustrates a tablet computer 900 with an integrated heat sink according to an
embodiment of the invention. The principle is the same as for the heat sink of Fig. 8. The
heat sink has a body part 901, which may be an integral part of the tablet cover or
chassis, where the inner surface of the cover or chassis may be considered as a first
surface of the body part 901. The heat sink further holds a cooling part with a cooling
structure 902, which is connected to a second surface 904 of the body part 901. Also here
the shown cooling structure 902 is a three dimensional mesh, grid or lattice like cooling
structure 902, and the material thickness and thereby the material density of the cooling
structure 902 decreases with increasing distance to the second surface 904 of the body
part 901. The cooling structure 902 may also here be considered as a lattice like
structure, which is formed by different oriented lattice elements being connected to each
other at connecting points, where the material density of these different oriented lattice
elements decreases with increasing distance to the second surface 904 of the body part
901.

Fig. 24 illustrates a computer case 2400 with an integrated heat sink according to an
embodiment of the invention. The principle is the same as for the heat sinks of Figs. 8 and
9. The heat sink has a body part 2401, which may be an integral part of the case or
chassis 2400, where an inner surface of the case or chassis may be considered as a first
surface 2403 of the body part 2401. The heat sink further holds a cooling part with a
cooling structure 2402, which is connected to a second surface 2404 of the body part
2401. Also here the shown cooling structure 2402 is a three dimensional mesh, grid or
lattice like cooling structure 2402, and the material thickness and thereby the material
density of the cooling structure 2402 decreases with increasing distance to the second
surface 2404 and the first surface 2403 of the body part 2401. The cooling structure 2402
may also here be considered as a lattice like structure, which is formed by different

oriented lattice elements being connected to each other at connecting points, where the
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material density of these different oriented lattice elements decreases with increasing
distance to the second surface 2404 of the body part 2401.

Fig. 10 illustrates a cylindrical shaped heat sink 1000 designed for water cooling
according to an embodiment of the invention. The heat sink 1000 is show in whole as
1000a and as a cut through versions as 1000b. The heat sink 1000 has a body part 1001
holding a cooling part with a cooling structure 1002. The body part 1001 has a first, outer
surface 1003 for contacting a heat generating device, and a second, inner surface 1004
holding or connected to the cooling part with the cooling structure 1002 being inwards
directed. Also here the shown cooling structure 1002 is a three dimensional mesh, grid or
lattice like cooling structure 1002, and the material thickness and thereby the material
density of the cooling structure 1002 has an internal graduating structure and decreases
with increasing distance to the second, inner surface 1004 of the body part 1001. Also
here, the cooling structure 1002 may be considered as a lattice like structure, which is
formed by different oriented lattice elements being connected to each other at connecting
points, where the material density of these different oriented lattice elements decreases
with increasing distance to the second surface 1004 of the body part 1001.The heat sink
1000 has a tubular shaped body part 1001, whereby a fluid, such as water, may pass

through the interior of the heat sink, thereby cooling the cooling structure 1002.

Figs. 11-15 and 21-23 illustrate several embodiments of a heat sink with a mesh, grid or
lattice like cooling structure according to the invention. The heat sink 1100 of Fig. 11 has
a cooling part with a cooling structure 1102 having a diameter larger than the body part
1101. The body part 1101 has a plane, first surface 1003 and may have a substantially
upwards extending or upwards curved upper surface for connecting to the cooling part
with the cooling structure 1102. The material thickness and thereby the material density of
the cooling structure 1102 decreases with increasing distance to the second surface (not
shown) and to the first surface 1103 of the body part 1101 when taken along a direction
being substantially perpendicular to the first, lower surface 1103 of the body part 1101.
The cooling structure 1102 may be considered as a lattice like structure, which is formed
by different oriented lattice elements being connected to each other at connecting points,
where the material density of these different oriented lattice elements decreases with
increasing distance to the second surface and the first surface 1103 of the body part
1101, when taken along a direction being substantially perpendicular to the first, lower
surface 1103 of the body part 1101.
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The heat sink 1200 of Fig. 12 is shown in whole as 1200a and as a cut through versions
as 1200b. The body part 1201 has a plane first surface 1203 for connecting to a heat
generating device, with the four side walls of the body part defining the second surface
1204 and the cooling part with the cooling structure 1202 being connected to all four side
walls 1204 of body part 1201. The material thickness and thereby the material density of
the cooling structure 1202 decreases with increasing distance to the second surface
1204. The cooling structure 1202 may be considered as a lattice like structure, which is
formed by different oriented lattice elements being connected to each other at connecting
points, where the material density of these different oriented lattice elements decreases

with increasing distance to the second surface 1204 of the body part 1201.

The heat sink 1300 of Fig. 13 has a special design with two body parts 1301a, 1301b
being connected together by the cooling part with the cooling structure 1302. Each body
part 1301a, 1301b has a corresponding first surface 1303a, 1303b for connecting to a
heat generating device. The heat sink 1400 of Fig. 14 has a single body part 1401 with a
first surface 1403 for connecting to a heat generating device, while the cooling structure of
the cooling part divides into two cooling structures 1402a, 1402b, where the material
thickness and thereby the material density of the cooling structures 1402a, 1402b
decreases with increasing distance to the second surface (not shown) of the body part
1401. The heat sink 1500 of Fig. 15 is a variation of the heat sink 1400 of Fig. 14, and
thus also has a single body part 1501 with a first surface 1503 for connecting to a heat
generating device, while the cooling structure of the cooling part is divided in two cooling
structures 1502a, 1502b, where the material thickness and thereby the material density of
the cooling structures 1502a, 1502b decreases with increasing distance to the second

surface (not shown) of the body part 1501.

The heat sink 2100 of Fig. 21 is shown in whole as 2100a and as a cut through versions
as 2100b. The heat sink 2100 has a cooling part with a cooling structure 2102, which has
a diameter equal to the body part 2101. The body part 2101 has a plane, first surface
2103 for connecting to a heat generating device. The upper part of the body part 2101, to
which the cooling structure is connected, is defining the second surface of the body part
2101. The material thickness and thereby the material density of the cooling structure
2102 decreases with increasing distance to both the second surface and the first surface

2103 of the body part 2101 when taken along a direction being substantially perpendicular
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to the first, lower surface 2103 of the body part 2101. It is also seen that when defining a
center line or axis being substantially perpendicular to the first surface 2103 of the body
part 2101 and going through the center of the body part 2101, the material density of the
cooling structure 2102 or at least part of the cooling structure decreases with increasing
distance to this center axis. Also here, the cooling structure 2102 may be considered as a
lattice like structure, which is formed by different oriented lattice elements being
connected to each other at connecting points, where the material density of these different
oriented lattice elements decreases with increasing distance to the second surface and
the first surface 2103 of the body part 2101.

The heat sink 2200 of Fig. 22 is shown in whole as 2200a and as a cut through versions
as 2200b. The heat sink 2200 has a cooling part with a cooling structure 2202, which has
a diameter equal to the body part 2201. The body part 2201 has a plane, first surface
2103 for connecting to a heat generating device. The upper part of the body part 2201, to
which the cooling structure is connected, is defining the second surface of the body part
2201. The material thickness and thereby the material density of the cooling structure
2202 decreases with increasing distance to both the second surface and the first surface
2203 of the body part 2201 when taken along a direction being substantially perpendicular
to the first, lower surface 2203 of the body part 2201. The cooling structure 2202 may be
considered as a lattice like structure, which is formed by different oriented lattice elements
being connected to each other at connecting points, where the material density of these
different oriented lattice elements decreases with increasing distance to the second
surface and the first surface 2203 of the body part 2201.

The heat sink 2300 of Fig. 23 is shown in whole as 2300a and 2300b, where 2300b is a
side view, and as a cut through versions as 2300c. The heat sink 2300 has a cooling part
with a cooling structure 2302, which has a diameter equal to the body part 2301. The
body part 2301 has a plane, first surface 2303 for connecting to a heat generating device.
The upper part of the body part 2301, to which the cooling structure is connected, is
defining the second surface of the body part 2301. The material thickness and thereby the
material density of the cooling structure 2302 decreases with increasing distance to both
the second surface and the first surface 2303 of the body part 2301 when taken along a
direction being substantially perpendicular to the first, lower surface 2303 of the body part
2301. Also here, the cooling structure 2302 may be considered as a lattice like structure,

which is formed by different oriented lattice elements being connected to each other at
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connecting points, where the material density of these different oriented lattice elements
decreases with increasing distance to the second surface and the first surface 2303 of the
body part 2301, when taken along a direction being substantially perpendicular to the first,
lower surface 2303 of the body part 2301.

Fig. 16 illustrates a LED spot lamp 1610 having a chassis 1601 integrated with a heat sink
1600 with a mesh, grid or lattice like cooling structure 1602. The lamp 1610 is mounted on
a stand 1611. The body part 1601 of the heat sink 1600 makes up the chassis, and the
first surface of the body part 1601 is a first, inner surface being part of the chassis. The
cooling part with the cooling structure 1602 is connected on top of the chassis 1601,
whereby the top of the chassis holds the second surface connected to the cooling
structure 1602. The cooling structure 1602 may be considered as a lattice like structure,
which is formed by different oriented lattice elements being connected to each other at
connecting points, where the material density of these different oriented lattice elements
decreases with increasing distance to the second surface of the chassis or body part
1601.

Fig. 17 illustrates a cabinet 1710 integrated with a heat sink 1700 with a mesh, grid or
lattice like cooling structure 1702. The body part 1701 of the heat sink 1700 makes up the
top part of the cabinet 1710, and the first surface of the body part 1701 is a first, inner
surface 1703 to which a heat generating device may be connected. The upper part of the
body part 1701 holds the second, outer surface 1704, to which the cooling part with the
cooling structure 1702 is connected. The cooling structure 1702 may be considered as a
lattice like structure, which is formed by different oriented lattice elements being
connected to each other at connecting points, where the material density of these different
oriented lattice elements decreases with increasing distance to the second surface 1704
of the body part 1701.

Fig. 18 illustrates another embodiment of a cabinet 1810 integrated with a heat sink 1800
with a mesh, grid or lattice like cooling structure 1802. Also here, the body part 1801 of
the heat sink 1800 makes up the top part of the cabinet 1810, and the first surface of the
body part 1801 is a first, inner surface 1803 to which a heat generating device may be
connected. The upper part of the body part 1801 holds the second, outer surface 1804, to
which the cooling part with the cooling structure 1802 is connected. For this embodiment

of a heat sink 1800, the top end of the cooling structure 1802 is connected to a solid
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cooling body 1811. Thus, the material thickness or density of the cooling structure 1802
decreases with the distance to the second surface 1804 or to the body part 1801 as long
as the cooling structure is made up of the grid or lattice like structure 1802, while the
density of the cooling structure increases or stops decreasing when the cooling structure

becomes the cooling body 1811.

Fig. 19 illustrates a LED light engine 1900 having a back surface 1901 for connecting to a
heat sink according to one or more embodiments of heat sinks according to the present

invention. The light engine 1900 may be an Osram PrevaLED® type LED light engine.

Fig. 20 illustrates a computer processor unit, CPU, 2000 having a surface 2001 for
connecting to a heat sink according to one or more embodiments of heat sinks according

to the present invention.

The heat sink structures discussed above and illustrated in Figs. 2-18 and 21-24, can be
made or formed using a 3-D printing and casting process, which may be an additive
manufacturing process, such as the selective laser melting (SLM) process. The SLM
process may use a metal for forming the heat sink with the cooling structure. Here, the
metal may be Aluminum or Copper. However, other materials may also be used to form
the heat sinks by a SLM process. Thus, the heat sink and cooling structure may be made
of a technical ceramics such as Aluminium Nitride (AIN) or Silicon Carbide, or may be
made of a composite containing graphite and/or carbon such as graphene or carbon

nanotubes.

It is also within embodiments of the present invention, that at least part of the cooling

structure has a micro-structured surface or a nano-structured surface.
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CLAIMS

1. A heat sink for cooling a heat generating device, said heat sink comprising:

a body part with a first surface for contacting the heat generating device; and

a cooling part connected to a second surface of the body part and including a
cooling structure;

wherein the material density of the cooling structure or at least part of the cooling
structure decreases with increasing distance to the second and/or first surface of the body

part.

2. A heart sink according to claim 1, wherein the first surface is a first outer surface

of the body part and the second surface is a second outer surface of the body part.

3. A heat sink according to claim 1 or 2, wherein the second surface is opposing the

first surface.

4 A heat sink according to any one of the claims 1-3, wherein when defining a
center line or axis being substantially perpendicular to the first surface of the body part

and going through the center of the body part, the material density of the cooling structure

or at least part of the cooling structure decreases with increasing distance to said center
axis.
5. A heat sink according to any one of the claims 1-4, wherein the cooling part holds

a three dimensional grid or lattice like cooling structure.

6. A heat sink according to claim 5, wherein the cooling structure defines a number
of air and/or liquid flow passages of different directions, whereby a number of air and/or

liquid flow passages intersect or cross each other.

7. A heat sink according to claim 5 or 6, wherein at least part of the lattice like
cooling structure is formed by different oriented lattice elements being connected to each
other at connecting points, and wherein the material density decreases with increasing
distance to the second and/or first surface of the body part for several different oriented

lattice elements being connected to each other at connecting points.
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8. A heat sink according to any one of the claims 5-7, wherein the grid or lattice like
cooling structure is made of a material structure defining air and/or liquid flow passages,
and wherein the total space taken up by the air and/or liquid flow passages within the
cooling structure is larger than the total space taken up by the material parts of the cooling

structure.

9. A heat sink according to any one of the claims 5-8, wherein the three

dimensional grid or lattice like cooling structure is a space grid structure.

10. A heat sink structure according to claim 9, wherein the space grid structure is a

modular space grid structure.

11. A heat sink according to any one of the claims 5-10, wherein the grid or lattice
like cooling structure is made of a solid material structure defining air and/or liquid flow

passages.

12. A heat sink according to any one of the claims 5-10, wherein the grid or lattice
like cooling structure is made of a material structure defining air and/or liquid flow

passages, and wherein at least part of the material structure is hollow.

13. A heat sink according to any one of the claims 5-12, wherein the grid or lattice
like cooling structure is made of a material structure defining air and/or liquid flow
passages having a diameter increasing from below 5 mm to above 5 mm from the inner
part of the cooling structure connected to the second surface and to the outer bond of the

cooling structure.

14. A heat sink according to any one of the claims 1-13, wherein the thickness of the
body part increases inwards from the outer edge or edges of the body part to the centre of
the body part.

15. A heat sink according to claim 14, wherein the thickness of the body part
increases inwards in all directions from the outer edge or edges of the body part to the

centre of the body part.
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16. A heat sink according to claim 14 or 15, wherein the thickness of the body part
when measured along any edge part is smaller than the thickness measured at the centre
of the body part.

17. A heat sink according to any one of the claims 1-16, wherein the first surface of

the body part covers at least a centre part of an outer surface of the body part.

18. A heat sink according to any one of the claims 1-17, wherein the body part has a
lower outer surface holding the first surface, and wherein at least part of the second
surface forms a substantially upwards extending upper surface to which the cooling

structure is connected.

19. A heat sink according to any one of the claims 1-18, wherein at least part of the
second surface forms a substantially upwards curved upper surface to which the cooling

structure is connected.

20. A heat sink according to any one of the claims 1-19, wherein at least part of the
second surface forms a substantially upwards dome shaped upper surface to which the

cooling structure is connected.

21. A heat sink according to claim 19 or 20, wherein the second or upper surface is

substantially formed as a surface of revolution.

22. A heat sink according to any one of the claims 1-18, wherein at least part of the
second surface forms a substantially upwards cone or pyramid shaped upper surface to

which the cooling structure is connected.

23. A heart sink according to any one of the claims 1 or 3-17, wherein the first
surface is an outer surface of the body part and the second surface is an inner surface of

the body part.

24. A heat sink according to claim 23, wherein the cooling structure is directing

inwards.
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25. A heat sink according to any one of the claims 1-4 or 14-24, wherein the cooling
structure comprises a number of fins projecting or extending from the second surface, and
wherein the thickness of the fins decreases outwards in one or more directions away from

the second surface of the body part.

26. A heat sink according to claim 25, wherein the fins are plate like or pin like.

27. A heat sink according to any one of the claims 1-26, wherein the body part and

the cooling part with the cooling structure is monolithically connected to each other.

28. A heat sink according to any one of the claims 1-27, wherein the cooling

structure is made of a metal such as Aluminum or Copper.

29. A heat sink according to any one of the claims 1-27, wherein the cooling
structure is made of a technical ceramics such as Aluminium Nitride (AIN) or Silicon
Carbide.

30. A heat sink according to any one of the claims 1-27, wherein the cooling
structure is made of a composite containing graphite and/or carbon such as graphene or

carbon nanotubes.

31. A heat sink according to any one of the claims 1-30, wherein at least part of the

cooling structure has a micro-structured surface.

32. A heat sink according to any one of the claims 1-31, wherein at least part of the

cooling structure has a nano-structured surface.

33. A method for producing a heat sink comprising a cooling structure according to

any one of the claims 1-32, said method comprising an additive manufacturing process.

34. A method according to claim 33, wherein the additive manufacturing process

includes a selective laser melting (SLM) process.

35. A method according to claim 34, wherein the SLM process uses a metal for

forming the three dimensional mesh or grid like cooling structure.
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36. A method according to claim 35, wherein the metal is Aluminum or Copper.
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