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Heat sink assembly for opto-electronic components and a method for pro-
ducing the same

Technical field

The invention relates to a heat sink assembly for opto-electronic components and
a method for producing the same. Moreover, the invention relates to the thermal
management of such assembly. The invention can be applied in, for example, in
solid state lighting in order to provide efficient heat dissipation.

Background technology

The invention is not limited to any certain applications, but as an example, we dis-
cuss the technology of LED replacement light bulbs. Due to poor efficiency of in-
candescent lighting there is a tendency to increase the use of LEDs instead of in-
candescent light bulbs. Incandescent light bulbs can be easily replaced by using
LED replacement light bulbs. They are electrically and mechanically compatible
with incandescent light bulbs but use less electrical energy for producing a certain
luminous flux.

Figure 1 illustrates main parts of an exemplary prior art LED replacement Iight
bulb. It has three LEDs 21, 22, 23, which are mounted on a MCPCB (Metal Core
Printed Circuit Board) 30. The MCPCB is electrically connected to a power supply
50 with wires 31, 32. The power supply is further connected to light fitting 60,
which is an electrical and mechanical interface of the device. The LEDs generate
heat which must be dissipated efficiently in order to keep the temperatures of the

LEDs at a moderate level. Figure 1 illustrates a heat sink 41, which is made of |
aluminium, for example. The MCPCB is attached to the heat sink with temperature
interface material. The heat dissipated from the LEDs is first conducted to the
MCPCB and further to the heat sink. The device also has a translucent cover 70.

There are certain problems related to the prior art solutions for dissipating heat
from electrical components such as LEDs. The dissipation of heat is not efficient
when the heat is conducted through several thermal interfaces between different
parts, such as LED — MCPCB - heat sink, and interface materials in between,
such as thermal interface materials like silicon grease between the MCPCB and
heat sink. Heat conductivity of a MCPCB is also relatively low because the heat is
conducted through insulating dielectric layer i.e. MCPCB dielectric laminate. Due
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to the inefficient heat dissipation the opto-electronic components, such as LEDs,

cannot be used with a maximum or even with a high power. Therefore, in order to
achieve a certain power level, it is required to provide larger amount of opto-
electronic components, which also adds to the production cost of a device. The
inefficient thermal connection limits also the integration density of LEDs, i.e. due
to inefficient thermal connection LEDs close to each other start to heat up each
other.

The more inefficient i.e. higher the thermal resistance of connection between the
component and heat sink is, the smaller thermal resistance of the heat sink can
be, which means relatively large heat sinks or active cooling. Therefore it is some-
times not possible to design the devices into a desired size. Prior art heat sinks
are generally made of metal, such as aluminium. In order to raise the emissivity it
is beneficial to provide anodizing or other kind of coating for the metal heat sink,
which causes costs. The cost of the heat sink and MCPCB is relatively high com-
pared to other components of a LED replacement bulb, for example.

It is a known solution to use plastic heat sinks. However, the interconnection of
electrical structures to plastic heat sinks uses MCPCB or other PCB solutions at-
tached with some thermal interface material to plastic heat sinks, where some so-
lution needs to be provided, in order to provide planar surfaces in between the
MCPCB and the heat sink. Planar surface in between is needed to provide effi-
cient thermal connection.

A further disadvantage of the prior art assemblies relates to complicated produc-
tion processes. It is typically'necessary to connect a MCPCB to a power supply
with wires and to use manual assembly with possible thermal interface materials
for attaching the MCPCB with a heat sink. When the heat sink assembly includes
a heat sink made of aluminium as well as a PCB the weight of the heat sink as-
sembly tends to become high.

A typical LED replacement bulb solution assembled to a standardized lamp socket
has a problem of providing poor and/or disturbed air flow for the heat sink of the
replacement bulb. This is due to the optical surface also requiring large surface
area, which is thus reduced from the heat dissipating area. The optical surface
area is needed to meet the requirements set for the replacement bulbs. Require-
ments include e.g. omni directionality. Another air flow disturbing and heat dissi-
pating surface minimizing factor is the volume that the power supply requires in
the standardized socket LED replacement solutions. This volume reservation re-
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duces the volume available for arranging the heat dissipating surface. Also, the
standardized baseis a closed structure, not allowing air to flow. Another problem
with the standard base/socket is poor conduction of heat through the base/socket
to the luminaire structure.

Summary of the invention

The purpose of the present invention is to avoid or reduce disadvantages of the
prior art.

The object of the invention is achieved with a solution, in which thermally active
inserts are embedded in an injection moulded plastic heat sink. Thermally active
inserts are used for spreading the heat in effective way to heat dissipating injec-
tion moulded heat sink. Also electrically active inserts can be used for electrical
connections between components. The inserts are preferably made of metal. The
inserts have preferably surface areas which enable inter-metallic connection such
as soldering or bo‘nding. Such a contact has a good thermal and electrical con-
ductivity.

Heat sink assembly according to the invention for dissipating heat from at least
one opto-electronic component, characterised in that the assembly comprises:

- an injection moulded, plastic heat sink,

- at least one therrhally active insert embedded at least partly inside the heat sink,
- an exposed area at a surface of the thermally active insert(s) for thermal connec-
tion to the opto-electronic component(s), and | ’

- a thermal connection between the thermally active insert and the heat sink,
wherein the thermally active insert is arranged to distribute thermal energy from
the opto-electronic component to the heat sink.

A method according to the invention for producing a heat sink assembly for at
least one opto-electronic component, is characterised in that

- thermally active inserts are produced of thermally conductive material,

- a plastic heat sink is injection moulded,

- one or several thermally active inserts are embedded during the phase of injec-
tion moulding at least partly inside the heat sink for providing a thermal contact
between the thermally active insert and the heat sink,



WO 2012/120185 PCT/F12012/000014

10

15

20

25

30

35

- an area of the thermally active insert is exposed for providing a thermal contact
between the opto-electronic component and the thermally active insert.

Some preferable embodiments of the invention are described in the dependent
claims.

Thermally active inserts conduct and disperse effectively the heat from a heat
generating electrical component, die or module to heat dissipating plastic heat
sink. Thermally active inserts remove the thermal bottle necks between compo-
nent and heat dissipating surface on moulded insert heat sink structure. Shape of
the thermally active insert can be free; its purpose is to disperse the heat effec-
tively and evenly into the moulded heat sink. When inserts are embedded durihg
injection moulding the inserts may have 2-dimensional or 3-dimensional form. “2-
dimensional form” means that there are projections in two dimensions, and “3-
dimensional form” means that there are projections in three dimensions which are
not all in a same plane. With 2- and 3-dimensional forms it is possible to achieve
a large surface interface for conducting the heat from the insert to the heat sink in
an efficient manner. It is also possible to provide inserts with complex forms in or-
der to achieve uniform thermal distribution within the heat sink with thermally ac-
tive inserts, and in order to achieve sophisticated wiring for circuits/components
with electrically active inserts. A preferable way to produce the inserts is stamp-
ing/pressing from metal sheet. This way it is possible to achieve required insert
forms easily

The integration density of heat generating electrical components can be made
higher on top of the heat sink structure, when compared to MCPCB approach,
thanks to efficient thermal connection achieved with thermally active inserts that
conduct the heat vertically away to the plastic heat sink. It is possible to design
the thermally active inserts in a way that they disperse the heat from small area
where the electrical components are, into a larger volume with thermally active
inserts that differ further away from each other inside the plastic heat sink.

Injection moulding can be done in more than one phases with more than one
moulds with one or more different plastic materials with different electrical, me-

chanical and thermal properties.

Plastic material is preferably used in injection moulding of the heat sink. It is ad-

~ vantageous that the thermal conductivity of the material is high. Suitable plastic
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materials are e.g. LCP, polyamide 4, polyamide 46, polyamide 6, polyimide, PPS,
TPE, PPA, for example. Plastic material can also be doped and/or reinforced. E.g.
glass fibre reinforced plastic or plastic filled with graphite, grapheine, oxides, car-
bides, nitrides or any other known doping or reinforcing material can be applied.

Moulded insert heat sink provides a solution to avoid the need for planar surfaces
in between the MCPCB and plastic heat sink, because the MCPCB is not used.
This is thanks to direct joining between thermal inserts and opto-electrical compo-
nents.

If electrically active inserts are used it is preferable that the plastic material of the
heat sink is electrically insulating. This means that the electrical conductivity of
the material is such that it does not get damaged due to applied voltages, it does
not substantially degrade the operating performance of the electrical circuits, or
cause generation of heat due to voltages at the inserts or cause potentially dan-
gerous electrically active “live” surfaces and/or parts .

A better thermal conductivity is achieved when e.g. graphite, graphene, oxides,
carbides, nitrides or other known ingredient is added to the plastic. However, this
also increases the electrical conductivity of the plastic heat sink. When the injec-
tion moulding has been done in more than one phases with more than one moulds
with one or more different plastic materials with different electrical, mechanical
and thermal properties, then it is possible to arrange the structure in a way that
thermally active inserts are moulded in a part of the mould where the injected ma-
terial has high thermal conductivity and possibly electrical conductivity, and elec-
trically active inserts are moulded in another part of the mould, where the injected
material is electrically insulating and possibly poorer on thermal conductivity.

It is also possible to provide the inserts with an electrically insulating coating on
other surfaces of the inserts except on the areas where electrical and/or thermal
connections are made. If such coating is provided it is possible to use electrically
conducting plastic for moulding the heat sink.

Electrically conducting plastic can be used when using either printed circuit board
for electrical connections, insulated inserts or at least two phase moulding where
electrical inserts are moulded into electrically non conductive part of the plastic
heat sink.
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The inserts are preferably made of metal, such as solderable copper or any other
metal. The insert has preferably surface area which enables inter-metallic connec-
tion, such as soldering or bonding or any other known inter-metallic connection
method like exothermic joining or chemical sintering. The insert may have such
inherent material properties and/or the insert may be surface coated or electro-
plated to form such areas. An insert can be made solderable by coating with sol-
derable metals by using e.g. immersion plating, chemical growing, thick film print-
ing, thermal spraying, or other coating method. There are several possibilities for
producing the inserts, such as stamping, laser cutting, chemical etching, cold forg-
ing or any other known solution from mechanical manufacturing methods. After
cutting, the inserts are possibly folded into the required form of the circuit. The
heat sink assembly may include only thermally active inserts, which serve only for
improving thermal conductivity and thus improving the distribution of heat into the
heat sink. Alternatively the heat sink may include both thermally active inserts and
electrically active inserts, and it is also possible that there are inserts which are
both thermally and electrically active. '

The surface of the heat sink for mounting the opto-eléctronic components is pref-
erably planar, and the exposed areas of the inserts for providing electrical con-
tacts are preferably parallel with the planar surface of the heat sink. However, the
demand for planar surface is different, when compared to MCPCB based ap-
proach, where the surfaces have to be strictly planar against each other, in order
to provide even somewhat efficient thermal connection. Also manufacturing of
tightly planar surfaces with injection moulding sets certain limits to injection
moulding process, which limits can be made smaller with active thermal insert and
or electrical insert approach, described in here. This allows the use of conven-
tional automated assembly facilities for mounting and connecting the opto-
electronic components, such as LEDs, bare LED dies or multi chip modules to the
heat sink assembly. Such automated assembly processes include Surface
Mounted Technology (SMT) process or die bonding and/or wire bonding process,
for example. If only the insert areas for electrical contacts are exposed it is not
necessary to use solder resist/pattering. Inter-metallic connections such as sol-
dering and bonding are preferably used between inserts and opto-electronic com-
ponents because the thermal and electrical conductivity is good.

In addition with plastic heat sink approach it is possible to meet the different re-
quirements set by different standards and legislations related to isolation
strengths, non-flammability etc. by using plastics and material thicknesses that
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meet these requirements. With ordinary MCPCB approach e.g. different parts like
insulating washers are needed to meet the requirements. |

In addition to the opto-electronic components it is also possible to provide other
components at the surface of the heat sink. The metal inserts can be designed to
provide a required electrical circuit and component layout for the components. If
the heat sink assembly has a PCB, it is also poss'ible to include other components
to the PCB. PCB can be of MCPCB, IMS, AlLO;, LTCC, HTCC, FR4, FR2, flex,
rigid flex or any other known type of PCB.

The heat sink assembly may have connections between various types of parts,
such as:

- a thermally and/or electrically active insert is connected to a component;

- an electrically active insert is connected to another electrically active insert;

- a component is connected to a PCB;

- a thermally or electrically active insert is connected to a PCB;

- an electrically active insert is connected directly to a lamp base or power supply;
or

- a PCB is connected to a lamp base or a power supply.

In production of a heat sink assembly it is possible to first embed the inserts in the
heat sink during the injection moulding and then connect the optoelectronic com-
ponents and a possible PCB. Alternatively, it is possible to produce first a subas-
sembly comprising of a possible PCB, optoelectronic components and the inserts.
Such a subassembly can then be attached to the heat sink during the moulding of
the heat sink by embedding the inserts into the heat sink and remaining the com-
ponents and the possible PCB exposed. '

Preferably most of a thermal insert is embedded in the plastic heat sink material,
whereby preferably at least 75% of the insert is inside the heat sink material
and/or at least 75% of the insert surface has an interface with the heat sink mate-
rial.

A heat sink assembly according to the invention has a useful application in .re-
placement light bulbs. A LED replacement light bulb may include AC or DC LEDs
to be connected to a lamp base, with possible current limiting resistors and/or
other circuitry as an additional circuitry on heat sink surface or lamp base or
where suitable for application needs.
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A heat sink assembly according to the invention can also be used for luminaire
without replacement bulbs. In such a case a cable may be integrated to the heat
sink assembly. In such implementations it is preferable to use a hollow structure
of the heat sink. When a standard light bulb base is not used it is possible to use
the hollow space inside the heat sink for air flow. As an outlook point of view the
heat sink blades are less visible. This way it is possible to increase the ventilated
surface area of the heat sink. When a standard bulb base/socket is not used it is
also possible to attach the heat sink assembly directly to the luminaire structure.
This way the heat is efficiently conducted to the luminaire structure and dissi-
pated.

Further significant advantages can be achieved with the invention when compared
to the prior known solutions. When the opto-electronic component is directly
mounted to a metallic insert of the plastic heat sink there are no additional thermal
interfaces nor poorly conductive thermal interfaces. Therefore it is possible to
achieve high efficiency of thermal connection. As a consequence, higher effi-
ciency of the opto-electronic components is achieved and/or the required number
of opto-electronic components is smaller.

When the electrical connection is made with inserts, it is not necessary to provide
separate wiring between the opto-electronic component and power supply. It is
also not necessary to use any MCPCB or thermal interface material because the
thermal contacts are provided with the inserts. If a printed circuit board is used it
can be a basic low cost type.

The material and moulding cost of a plastic heat sink is low. A plastic heat sink
does not require surface treatment. There are also cheap and known solutions on
maximizing surface area and or emissivity of plastic surfaces, such as laser struc-
turing, etching etc. of the mould cavity surfaces and or laser structuring, etching
etc. the surfaces of moulded part. When thermally active inserts are used it is also
possible to achieve the required heat dissipation with a small heat sink, thanks o
the direct and efficient thermal connection. The heat sink assembly is also light in
weight compared to prior art assemblies.

Conventional, automated assembly processes can be used instead of manual as-
sembly, whereby it is possible to achieve a further significant reduction in produc-
tion costs.
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“Opto-electronic component” is used in this text to mean light emitting electronic
components, which may be e.g. LEDs, bare LED dies, or Multi Chip Modules, la-

~sers, super luminescent LEDs. This invention is best applied for power opto-

electronic components, power dissipation of which is more than 0.25 W, prefera-
bly more than 1 W. '

“‘Heat sink” in this text means a part or a group of parts which dissipates thermal
energy created by an opto-electronic component. The heat sink may also have
other purposes, it may be a part of the mechanical structure of luminaire, for ex-
ample.

“Plastic heat sink” in this text means a heat dissipating part which is made of
plastic by injection moulding, rotation casting or other method. The plastic heat
sink may also include parts of other material than plastic. “Plastic heat sink” can
be a heat dissipating surface on injection moulded structure, i.e. it is not neces-
sarily a separate part

“‘Embedded in a heat sink” preferably means inside the heat sink material.

“Thermally active insert” in this text means an insert which has a better thermal
conductivity than the material of the heat sink it is embedded in, and which insert
thus enhances heat distribution in the heat sink.

“Electrically active insert” in this text means an electrically conductive insert which
serves as an electrical conductor in an electrical circuit.

“Exposing an area of an insert” means in this text that a surface area of an insert
remains outside the heat sink in the injection moulding of the heat sink, or that
plastic of the heat sink is removed from an area of the insert.

“Power supply” in this text means a next circuitry to be connected to electrically
active inserts or PCB. The power supply can be e.g. a power supply unit, a printed
circuit board between a power supply unit and the electrically active insert, or a
lamp base. ' ’

Short description of the drawings
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In the following part the preferable exemplary embodiments of the invention are
described in more detail by referring to the enclosed drawings, in which:

Figure 1

Figure 2a

Figure 2b

Figure 3

Figure 4a

Figure 4b

Figure 5a

Figure 5b

Figure 6a

Figure 6b

Figure 7

illustrates parts of a prior art LED replacement bulb,

illustrates a top view of an exemplary heat sink assembly according
to the invention for LEDs, ‘

illustrates a cross section view of an exemplary heat sink assembly . -

according to the invention for LEDs,

illustrates a top view of an exemplary heat sink assembly according
to the invention, in which there are additional components at the
heat sink surface,

illustrates a cross section view of an exemplary heat sink assembly
according to the invention where the heat sink has a recess for plac-
ing a power supply unit,

“illustrates a cross section view of another exemplary heat sink as-

sembly according to the invention where the heat sink has a recess
for placing a power supply unit, '

illustrates a top view of an exemplary heat sink assembly according
to the invention where LED dies are connected with die and wire
bonding,

illustrates a cross section view of an exemplary heat sink assembly
according ‘to the invention where LED dies are connected with die
and wire bonding,

illustrates a top view of an exemplary heat sink assembly according
to the invention where six LEDs are positioned vertically,

illustrates a cross section view of an exemplary heat sink assembly
according to the invention where six LEDs are positioned vertically,

illustrates a cross section view of an exemplary heat sink assembly
according to the invention where electrical connection to the LEDs
includes a PCB,



WO 2012/120185
Figure 8
Figure 9a

5
Figure 9b
Figure 9c¢

10  Figure 9d
Figure 9e
Figure 10a

15
Figure 10b

- Figure 11

20

25

PCT/F12012/000014

11

illustrates a cross section view of an exemplary heat sink assembly
according to the invention where the heat sink is moulded of an
electrically insulating part and an electrically conducting part,

illustrates an exploded view of an exemplary heat sink assembly ac-
cording to the invention including a subassembly,

illustrates a perspective view from above of an exemplary heat sink
assembly according to the invention including a subassembly,

illustrates a perspective view from below of an exemplary heat sink.
assembly according to the invention including a subassembly,

illustrates a perspective view from above of an exemplary heat sink
assembly according to the invention including a subassembly with
die components,

illustrates a close up view of 9d with bond wires visible,

illustrates a perspective view of an exemplary heat sink assembly
according to the invention where the insert is made of a metal sheet,

illustrates an exemplary insert with a 3-dimensonal form and made
of metal sheet.

illustrates an exemplary LED engine according to the invention, in-
cluding a cable, '

Figures 12a and 12b illustrate a luminaire including an LED engine of Figure 11,

Figure 13a
Figure 13b

Figure 14

Figure 15

Figure 16

illustrates a luminaire with a c‘Iosed shade,
illustrates a luminaire with a bowl-type shade,

illustrates an exemplary luminaire with an integrated heat sink asse- \
bly according to the invention,

illustrates another exemplary luminaire with an integrated heat sink
assebly according to the invention,

illustrates an exemplary method according to the invention for pro-
ducing a heat sink assembly,
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Detailed description of the embodiments
Figure 1 was described in the prior art description above.

Figure 2a illustrates top view of an exemplary heat sink assembly according to the
invention. Figure 2b illustrates a cross section view of a similar exemplary heat
sink assembly according to the invention. The assembly has an injection moulded
heat sink 42 with a planar surface at the top. The heat sink has embedded electri-
cal inserts 33 and 34 and embedded thermally active insert 63, which have first
exposed areas 35, 36 and 65 respectively at the top surface of the heat sink.
There are two LEDs 21 and 22, which are electrically connected to the exposed
areas of the inserts. The electrical contacts are connected to areas 35 and 36.
However, the therma]ly active insert area 65 can also work as an electrical con-
tact. At the opposite surface of the heat sink, the inserts have second exposed ar-
eas 37, 38, for the connection to a power supply PCB, for example. If the ther-
mally active insert 63 is electrically active then it will have a second exposed area
for the connection e.g. to the power supply PCB. The inserts serve as electrical
wiring between the opto-electronic components and a power supply / possible
other electronics. The inserts also serve for conducting heat from the opto-
electronic components to the heat sink. The heat sink assembly may also include
inserts which are used for conducting heat but which are not used for electrical
connection.

Figure 3 illustrates a top view of a heat sink assembly, which has a plastic heat
sink 42, two LEDs 21, 22, and two additional components 96, 97. The additional
cbmponents may be e.g. capacitors, resistors, inductors, transistors, integrated
circuits, sensors like ambient light sensor etc. There are also additional electri-
cally active inserts 39a-39d for providing required conductors for the circuit, thus
connecting the power supply wires 33 and 34, LEDs 21 and 22, as well as com-
ponents 96 and 97 electrically to form a circuit. It is thus possible to provide elec-
tronic circuits including other components on the heat sink assembly in addition to
the optical components. '

‘There are also thermally active insert parts 63 and 64 (see also Figures 4a and

4b), preferably forming a uniform insert with the insert part 39a, which connects
electrodes of the LEDs. The parts 63 and 64 of the insert are thus not electrically
active, while the part 39a of the insert is electrically active. Part 39a of the insert
can be partly embedded in the heat sink. It is thus also possible to provide com-
bined thermally active insert and electrically active insert, and this can be done on
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every structure following the idea of this invention. Combined inserts have e.g.
straight electrically active insert part and free form thermally active insert part to
disperse the heat evenly into the heat sink.

Figures 4a and 4b illustrate cross section views of two exemplary heat sink as-
semblies where the plastic heat sink has a recess 43 for placing a power supply
unit 50. The power supply unit is connected to the inserts 33 and 34, which serves
for both electrical and mechanical connection of the power supply unit. When the
power supply unit is inside the heat sink, the heat sink may also dissipate heat
from the power supply unit. This can be enhanced by suitable filling material 48,
like epoxy or any other known filler. The power supply can be also over-molded
part inside the heat sink. The heat sink assemblies of Figures 4a and 4b have
also thermally active inserts 63 and 64. The assembly of Figure 3 may be the
same as illustrated in Figure 4a or Figure 4b.

Figure 5a illustrates a top view of an exemplary heat sink assembly where a LED
dies 21, 22 are bonded to inserts 33, 34 and possible thermally active insert 63 of
a heat sink 42. If there are no separate thermally active inserts, then either 33 or
34 or both functions also as a thermally active insert. Figure 5b illustrates a cross
section view of the same. The LED dies have first been positioned and bonded,
glued or soldered on exposed pads of the insert 33. The second electrodes of the
LEDs have then been wire bonded 91, 92 to an exposed pads 36a, 36b of the in-
sert 34.

There are several types of dies, one have both electrical connections on top sur-
face, and wire bonding is preferred method for contacting the areas, and the
thermal interface on these kind of dies is then the bottom of the die, from which
the die will be die bonded, wire bonded, glued or soldered to the thermally active
insert 63. Other kind of dies are the dies that have both connections on the bot-
tom, and which do not demand any bond wires. With these kind of dies there can
be separate thermal connection, which is connected to the thermally active insert
by inter-metallic connection utilizing e.g. die bonding, wire bonding, gluing or sol-
dering, or there are no thermal connection on the bottom of the die, and then one
or many of the electrical connections functions also as thermal connection to the
heat sink.

There are also dies having one electrical connection at the top of the die and the
other connectipn is at the bottom. For the top contact wire bonding is preferred
method for contacting, whereas the bottom contact is preferably done by some
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inter-metallic connection method e.g. by die bbnding, gluing or soldering. With
these kind of dies there can be separate thermal connection, which is connected
to the thermally active insert by die bonding,, wire bonding, gluing or soldering, or
there are no thermal connection on the bottom of the die, and then one or many of -
the bottom side electrical connections functions also as thermal connection to the
heat sink.

It is also possible that dies have more than two electrical connections and/or
many thermal connection points, which can be attached to the heat sink structure
utilizing the methods described above.

Finally, the dies have possibly been encapsulated 95 with silicone phosphor, for
example, using a dispensing system. Other encapsulants can be also used, like
standard transparent silicone, with e.g. remote phosphor or some other known op-
tical solution to adjust the wavelengths.

Figures 6a and 6b illustrate a top view and a cross section view of an exemplary
heat sink assembly where six LEDs 21-26 are positioned vertically. The heat sink
42 has a triangular protrusion 43 with three vertical surfaces for the attachment of
the LEDs. The electrical connections for LEDs 21, 22 are made with inserts 33,
34. The heat sink assembly may have a separate thermally active insert 63,
and/or electrically active inserts 33 and/or 34 may also function as thermally ac-
tive inserts. The thermally active insert 63 has a separate connection to the LEDs
at the bottom of the LEDs. This thermally active insert is not electrically active. It
is also possible to provide a reflecting and/or diffusive coating on the surfaces
where the LEDs are attached.

Figure 7 illustrates an embodiment where electrical wiring for LEDs 21, 22 is pro-
vided with a printed circuit board 71, which has an electrically conductive pat-
terned layer 72. The heat sink has a recess for the PCB, and the depth of the re-
cess is such that the horizontal surface of the heat sink edge and/or top surface of
thermally active insert and the upper surface of the PCB are substantially on the
same level. This facilitates the attachment of the LEDs 21, 22 both on the ther-
mally active insert and on the pads of the PCB. The Wiring is further led from the

- PCB to power supply with wires 73 and 74, which are electrically and mechani-

cally connected to the PCB. This embodiment has separate thermally active in-
serts 63 and 64. The thermally active inserts can also be electrically active, when
they can be connected to other circuitry consisting of PCB subassembly. This is
not shown on Figure 7, but it is obvious that it can be done with the heat sink
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structure described in here. This cannot be done or is really difficult to do with or-
dinary MCPCB kind of an approach presented on Fig 1.

Figure 8 illustrates a further embodiment in which the heat sink is moulded using
two different materials. Part 44 is moulded of electrically insulating material, and
the electrically active inserts 33 and 34 are embedded into this area. Part 45 of
the heat sink is moulded of thermally conductive material, which can also be elec-
trically conductive in order to achieve better thermal conductivity. Thermally active
inserts 63 and 64 are embedded into this part 45. Due to the possible electrical
conductivity of the moulded material in part 45 the thermally active inserts 63 and
64 are preferably not used as electrically active inserts, i.e. they are electrically
passive. The two parts of the heat sink are preferably moulded in two successive
phases. There can of course be more phases and/or phases can be also non suc-
cessive of moulding if the solution demands this, and solution is following the ba-
sic idea of this invention.

Figures 9a-9d illustrate further embodiments which have a subassembly. The em-
bodiment of Figures 9a-9¢ has LEDs 21-24 which are electrically connected to
wiring of a PCB 71. The LEDs are also attached to bars 63-66 of a thermally ac-
tive insert. The thermally active insert also includes a frame 67 joining the bars at
their ends, and/or for more even heat distribution into heat sink 42. The thermal
insert has thus 3-dimensional form, i.e. it has projections in three dimensions.
Such a structure of the thermally active insert distributes the heat from the LEDs
in an efficient manner. There are also pins 73, 74 in the PCB for electrical con-
nection to a power supply. Pins 73, 74 are possibly located inside the recess 43.

Figures 9d and 9e illustrate a subassembly where the opto-electronic components
21-24 are bare LED dies. The dies are attached to the bar ends of the thermally
active insert, and the die electrodes are die bonded and/or wire bonded with wires
93, 94 to pads of the PCB. Figure 9e shows a close up view showing bonding
wires. After the bonding, the dies have been encapsulated 95 with transparent
silicon phosphor, for example.

After the subassembly is assembled, the heat sink 42 is injection moulded so that
the thermally active insert of the subassembly is embedded inside the heat sink,
except the bar ends with the opto-electronic components which remain exposed
on the heat sink. Alternatively, it is also possible to first embed the thermally ac-
tive insert in the heat sink during the injection moulding, and to attach the PCB
and optoelectronic components after the injection moulding.
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Figure 10a illustrates a further embodiment of a heat sink assembly according to
the invention, and Figure 10b illustrates a corresponding insert. The insert is
made of thin metal sheet and has large area for transferring heat to from the LEDs
21, 22 to the plastic heat sink part 45. The insert has an isolated area 33 for an-
ode connection voltage and this part of the insert is thus electrically active. The
rest of the insert is both electrically active as a cathode electrode and thermally
active. The insert has folded fins 63 which are thermally active, conducting heat to
the plastic heat sink part.

Figure 11 illustrates a further embodiment of the heat sink assembly according to
the invention. The heat sink has a hollow structure with a form of a cylinder. The
heat sink is inside an optical part 145. The optical part may be replaceable‘. The
optical part may also be used for attaching the assembly to the luminaire. The hol-
low structure allows air to flow through the heat sink, whereby the surface area
dissipating heat is large and the distance that the heat must travel through to the
heat dissipating surface is very short. The LEDs 22 are located at the outer sur-
face of the heat sink. The inserts 33 may be both electrically and thermally active.
The heats sink assembly also has an integrated cable 51 for supplying power.
There is a power supply circuit 52 and mains plug 61 at the other end of the ca-
ble. The power supply 52 can be located at either end of the cable or it can be a
separate part in the middle of the cable. However, when the power supply is not
near to the LEDs the power supply does not heat the LEDs and vice versa. It is
also possible to use LEDs which can operate with AC, whereby a separate power
supply is not required. This structure allows good air flow for the heat sink as
there is no standard bulb base in the assembly and the air flow is not disturbed. it
is easily understood on the basis of Figure 12a that a conventional LED replace-
ment bulb totally blocks the air flow in the middle part 121 of the luminaire/heat
sink.

The LED engine with cable could be a part of vast majority of the existing lumi-
naire designs using standardized sockets. The dimensions of the LED engine are
such that it fits into standardized shade hole sizes or provides standardized fix-
ings for luminaire stands. The mechanical fixing of the cable can be done with
bolts, or e.g. with optical part 145 of the LED engine, which would allow the easy
assembly of the cable. Optical part can provide different optical functions. It can
be opaque, diffractive, reflective, directive etc. The LED engine with cable re-
moves the extra thermal interfaces caused by the MCPCB, and lamp base and
sockets. At the same time LED engine with cable allows different designs for dif-
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ferent luminaire shade models. Inserts that conduct the heat to the luminaire
shade through the mechanical fixing is a useful solution on bowl type, air flow
blocking shades. Another solution for these shades are the tubular LED engines
with cable.

Figures 12a and 12b illustrate luminaires where the heat sink assembly with a ca-
ble or “LED engine” of Figure 11 is used. The luminaire has a shade 148 with a
hollow structure, thus allowing air flow through the shade 122 and the heat sink

121,

Figure 13a illustrates a luminaire where the shade 149 has a closed structure, i.e.
there is no air flow between the inside and outside of the shade. The part 142 of
the heat sink, however, remains outside the shade and thus improves heat dissi-
pation in such a luminaire implementation. The thermally active inserts of the heat
sink assembly conduct heat from the LEDs to the bottom area 142 of the heat sink
for further dissipation. In a corresponding luminaire using conventional LED bulb
the heat sink is located totally inside the shade and therefore the heat dissipation
from the inner volume of the shade is poor.

Figuré 13b illustrates a luminaire with a bowl-type shade 147. When a conven-
tional base/socket type LED is used, there is no possibility for vertical air flow.
The LED engine according to the invention may have thermally active inserts for
conduct the heat from the LEDs to the part 142 of the heat sink, which extends on
the 'outside/above the shade. The heat may also be conducted to the shade of the
luminaire by the thermally active inserts. Further, there may be an opening in the
middle of the heat sink, offering an aperture for the air flow.

Figures 14 and 15 illustrate exemplary luminaires in which the heat sink is inte-
grated within the structure of the luminaire, i.e. heat sink is not a separate part. In
the luminaire of Figure 14 the heat sink assembly has a form of a circle, including
electrically and thermally active inserts 33 and LEDs 22 inside a shade of the lu-
minaire. The stand of the luminaire is used for dissipating heat. The heat is also
conducted to the luminaire shade, which thus serves for dissipating heat as well.
The plastic parts may be injection moulded or rotation casted, for example. The
power supply 52 may be located at the mains plug or it may locate in the stand of
the luminaire, for example. As the Figure 14 shows, no lamp base/socket nor
printed circuit boards are required in the structure.
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In the luminaire of Figure 15 the heat sink has a form of a hollow cylinder with ver-
tical inéerts 63. The LEDs are located at the outer surface of the heat sink. The
shade 148 is hollow allowing air flow. The air flow is also possible through the
heat sink via holes 149. As can be seen in the Figures, the heat sink is also a
visually integrated part of the luminaire design. |

Figure 16 illustrates a flow diagram of an exemplary embodiment of a method 10
for producing a heat sink assembly according to the invention. Thermally active
inserts and possible electrically active inserts of metal are first produced in phase
11. The electrically and thermally active inserts may be separate with separate
connections to LEDs, or same inserts may serve as both electrically and thermally
active inserts. A set of inserts is applied into a moulding tool in phase 12, and a
heat sink is then injection moulded from plastic, whereby the inserts will become
at least partly embedded inside the heat sink, phase 13. The injection moulded
heat sink has a surface with insert areas exposed for the connection of compo-
nents. A solder paste is printed or dispensed into the required, exposed areas in
phase 14. SMD components are then placed on the solder paste, phase 15, and
the assembly is e.g. reflow soldered, phase 16. The heat sink assembly is thus
completed, 17. If dies are used instead of SMD components, it is possible to use
die bonding and/or wire bonding as described in the description of Figures 5a, 5b.

The invention has been described with the reference to the enclosed embodi-
ments. It is, however, clear that the invention is not restricted only to those, but it
comprises all embodiments which can be imagined within the enclosed patent
claims.

For example, it is clear that the discussed materials of the heat sink and the in-
serts are mentioned as examples, it is naturally possible to use other materials as
alternatives.

For example, 6rder of manufacturing steps presented in Fig 10 can be varied.
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Claims

1.  Heat sink assembly for dissipating heat from at least one opto-electronic
component, characterised in that the assembly comprises:

- an injection moulded, plastic heat sink,

- at least one thermally active insert embedded at least partly inside the heat sink,
- an exposed area at a surface of the thermally active insert(s) for thermal connec-
tion to the opto-electronic component(s), and

- a thermal connection between the thefmally active insert and the heat sink,
wherein the thermally active insert is arranged to distribute thermal energy from
the opto-electronic component to the heat sink.

2. Heat sink assembly according to claim 1, characterised in that it comprises
at least one electrically active insert embedded at least partly inside the heat sink,
wherein the electrically active insert has a first exposed area at the surface of the
eleétrically active insert for electrical connection to the optoelectronic component
or another component, and the electrically active insert has a second exposed
area at the surface of the electrically active insert for electrical connection to a fur-
ther component, wire or printed circuit board.

3. Heat sink assembly according to claim 2, characterised in that a thermally
active insert of the heat sink assembly is also electrically active.

4. Heat sink assembly according to any previous claim, characterised in that a
thermally active insert is electrically passive.

5. Heat sink assembly according to any previous claim, characterised in that
the material of the insert is metal.

6. Heat sink assembly according to any previous claim, characterised in that
the insert has a form with projections in two dimensions, preferably in three di-
mensions.

7. Heat sink assembly according to any previous claim, characterised in that
the material of the injection moulded heat sink has a meiting temperature or glass
transition temperature of at least 150 degrees C, preferably at least 250 degrees
C.
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8. Heat sink assembly according to any previous claim, characterised in that
at least one said opto-electronic component is an LED, a Bare LED Die, or a Multi
Chip Module. ‘

9. Heat sink assembly according to any previous claim, characterised in that
the optoelectronic component is connected to the exposed surface area of the in-
sert.

10. Heat sink assembly according to any previous claim, characterised in that
there is an inter-metallic connection, such as soldering, between the optoelec-
tronic component and the insert.

11. Heat sink assembly according to any previous claim, characterised in that
for mounting one or several component the heat sink has a planar surface or
there is a printed circuit board on the heat sink, and the exposed area of the
thermally active insert is substantially on the same level with the surface of the
heat sink or the printed circuit board. '

12. Heat sink assembly according to any previous claim, characterised in that
the heat sink assembly has at least one SMD component connected with SMD
technology to the exposed area of the insert..

13. Heat sink assembly according to any of claims 1-11, characterised in that
the assembly has at least one die component, which is die and/or wire bonded to
the exposed area of the insert.

14. Heat sink assembly according to any previous claim, characterised in that
the heat sink has

- a first part moulded of electrically insulating material and comprising at least one
embedded electrically active insert, and

- a second part moulded of electrically conductive material and comprising at least
one thermally active insert.

15. Heat sink assembly according to any previous claim, characterised in that
the assembly comprises a printed circuit board, whereby an opto-electronic com-
ponent is attached to the thermally active insert for heat coupling, and the opto-
electronic component is further coupled to the printed circuit board for an electri-
cal connection.
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16. Heat sink assembly according to any previous claim, characterised in that
most of the thermal insert is embedded in the heat sink material, whereby pref-
erably at least 75% of the insert is inside the heat sink material and/or at least
75% of the insert surface has an interface with the heat sink material.

17. Heat sink assembly according to any previous claim, characterised in that
the assembly is a part of a led based replacement light bulb.

18. Heat smk assembly accordmg to any of claims 1-17, charactensed in that

- the assembly is hoIIow in order.to allow air flow through the heat smk

19. Heat sinkﬂ assembly according to any of claims 1-17, characterised in that
the assembly replaces a cable, a standardized socket and a standardized lamp
base LED bulb replacement.

20. Heat sink assembly according to claim 19, characterised in that the assem-
bly has a power supply cable and a switch in said cable.

21. Heat sink. assembly according to claim 19, characterised in that the assem-
bly has replaceable optics.

22. Heat sink a_s'sembly éc"c"ordving to claim 21, characterised iﬁ:that the re-
placeable optics of the assembly mechanically fixes the assembly into luminaire
structure. |

23. Heat sink assembly according to claim 19, characterised in that the assem-
bly is implemented for sealed luminaire shades, wherein thermally active insert
conducts the heat outside the sealed luminaire shade.

24. Heat sink assembly according to claim 19, characterised in that the assem-
bly is implemented for bowl type air flow blocking luminaire shades, wherein

thermally active insert conducts the heat to the luminaire shade.

25. Heat sink‘assembly acéording to any previous claim, characterised in that
the assembly further comprises a power supply cable integrated to the assembly.

SUBSTITUTE SHEET (RULE 26)
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26. Heat sink assembly according to claim 19, characterised in that the assem-
bly further comprises a power supply and a mains voltage plug at the other end of
the cable.

27. Heat sink assembly according any previous claim, characterised in that the
assembly is integrated in a luminaire.

28. Method for producing a heat sink assembly for at least one opto-electronic
component, characterised in that

- thermally active inserts are produced of thermally conductive material,

- a plastic heat sink is injection moulded,

- one or several thermally active inserts are embedded during the phase of injec-
tion moulding at least partly inside the heat sink for providing a thermal contact
between the thermally active insert and the heat sink,

- an area of the thermally active insert is exposed for providing a thermal contact
between the opto-electronic component and the thermally active insert.

29. A method according to claim 28, characterised in that

- electrically active inserts are produced of electrically conductive material,

- one or several electrically active inserts are embedded during the phase of injec-
tion moulding at least partly inside the heat sink,

- a first area of the electrically active insert is exposed for providing an electrical
contact between the electrically active insert and the opto-electronic component
or another component, and

- a second area of the electrically active insert is exposed for providing a contact
to another component, wire or printed circuit board.

30. A method according to any of claims 28-29, characterised in that metal is
used as material in producing a thermally active insert.

31. A method according to any of claims 28-30, characterised in that metal is
used as material in producing an electrically active insert.

32. A method éccording to any of claims 28-31, characterised in that in injection
moulding of the heat sink, such material is used which has a melting temperature
or glass transition temperature of at least 150 degrees C, preferably at least 250
degrees C.



WO 2012/120185 PCT/F12012/000014

10

15

20

23

33. A method according to any of claims 28-32, characterised in that the opto-
electronic component is a die, and the die is connected to the heat sink assembly
by die bonding and/or wire bonding.

34. A method according to any of claims 28-33, characterised in that SMD
components are connected with SMD soldering technology to the exposed areas
of the inserts.

35. A method according to any of claims 28-34, characterised in that an opto-
electronic component is attached to an insert before the insert is embedded into
the heat sink. -

36. A method according to any of claims 28-35, characterised in that a first part
of the heat sink is moulded of electrically insulating material and an electrically
active insert is embedded into the first part, and a second part is moulded of elec-
trically conductive material and a thermally active insert is embedded into the
second part. |

37. A method according to any of claims 28-36, characterised in that the heat
sink is integrated in a luminaire.
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