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LIGHTING DEVICE COMPRISING A HEAT SINK STRUCTURE

FIELD OF THE INVENTION
The present invention generally relates to the field of lighting devices having a
heat sink structure for a dissipation of heat from an electronic carrier of the lighting device.

The present invention also relates to methods of manufacturing such lighting devices.

BACKGROUND OF THE INVENTION

Lighting devices comprising solid state light sources, such as light emitting
diodes (LEDs), are known in the art. Lighting devices comprising LEDs may be used for a
general lighting or even for a more specific lighting, as the color and the output power of the
LEDs may be tuned. Generally, the light source(s) of the lighting devices is (are) mounted
on, or at least connected to, a circuit board. The light source(s) may be arranged within an
encapsulating housing, usually having the shape of a bulb. In addition to provide a maximum
output of light and/or a specific color of light, the design of a lighting device needs to take
into account the evacuation of heat generated by the light source(s) and/or the electronics
connected to the light source(s).

In WO 2010/136985, a LED-based illumination device is disclosed
comprising a light source, a carrier for supporting the light source, and an envelope. The
carrier, shaped as a disc, is arranged within the envelope, wherein the edge of the carrier is in
contact with the envelope along an inner circumference of the envelope. By this arrangement,
the carrier divides an inner space of the envelope into two parts. For a transfer of heat
generated within the LED-based illumination device during operation, the carrier is arranged
in thermal contact with the envelope along the entire axial extent of the envelope.

However, alternative solutions for a heat dissipation of lighting devices may
be of interest. Furthermore, it is also desirable to facilitate manufacturing of such lighting

devices.

SUMMARY OF THE INVENTION
The present invention has been made with respect to the above considerations.

It is an object of the present invention to provide a lighting device with improved heat
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dissipation from its heat generating components in order to extend the LED lifetime, and/or
to increase the light output or to reduce number of LEDs for a certain light output. It is also
an object of the present invention to provide a facilitated method of manufacturing such a
lighting device.

According to the present invention, these and other objects are achieved by
means of a lighting device and a method of manufacturing a lighting device as defined by the
independent claims. Preferred embodiments are defined in the dependent claims.

Hence, according to a first aspect of the invention, a lighting device is
provided. The lighting device comprises a light source, an electronic carrier comprising a
first portion for carrying the light source and a second portion for providing an electrical
connection to the light source, and a heat sink structure arranged for a dissipation of heat
from the electronic carrier. The heat sink structure comprises at least one lid portion arranged
at an opening of the heat sink structure, wherein the opening is at least partially closed by the
at least one lid portion. Further, the first portion of the electronic carrier is supported by at
least one of the at least one lid portion, and the second portion of the electronic carrier is at
least partially enclosed by the heat sink structure.

According to a second aspect of the present invention, a method of
manufacturing a lighting device is provided. The method comprises providing a heat sink
structure comprising a first lid portion and a second lid portion arranged at an opening of the
heat sink structure, and folding the first lid portion such that it partially closes the opening.
Further, an electronic carrier comprising a first portion for carrying a light source and a
second portion for providing an electrical connection to the light source is arranged such that
the first portion of the electronic carrier is supported by the first lid portion and the second
portion of the electronic carrier is at least partially enclosed by the heat sink structure.
Further, the second lid portion is folded such that it together with the first lid portion at least
partially closes the opening of the heat sink structure.

The heat sink structure of the lighting device according to the present
invention provides an improved heat dissipation compared to arrangements in the prior art.
During operation of the lighting device, heat is dissipated from the first portion of the
electronic carrier (and thereby also from the light source), since the first portion of the
electronic carrier is supported by at least one of the lid portions of the heat sink structure. An
improved thermal path is provided from the lid portions (or flaps) to the portion of the heat
sink structure at least partially enclosing the second portion of the electronic carrier (or

driver), as the lid portions and the portion of the heat sink structure, at least partially
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enclosing the second portion of the electronic carrier, are comprised in a common heat sink
structure. Furthermore, during operation of the lighting device, heat is dissipated from the
second portion of the electronic carrier to the heat sink structure, since the heat sink structure
at least partially encloses the second portion of the electronic carrier, and thereby further
provides a thermal path between the second portion and the heat sink structure. It will further
be appreciated that the heat sink structure of the present invention provides a large cooling
surface, which even further increases the efficiency of the heat dissipation properties of the
lighting device.

As the light source typically generates relatively much heat (compared to the
portion of the electronic carrier that provides for an electrical connection to the light source),
the demands on heat dissipation from the light source and its associated electronic carrier
portion are high. The present invention meets these heat dissipation demands, and provides
an improved heat dissipation compared to arrangements in the prior art.

Furthermore, as the present invention provides a common heat structure (or
heat sink component) comprising the at least one lid portion and the portion of the heat sink
structure at least partially enclosing the second portion of the electronic carrier, the number
of components of the lighting device is reduced. Hence, the present invention is further
advantageous in that the manufacturing of the lighting device becomes more efficient due to
a facilitated assembly of the lighting device. Furthermore, the common heat sink structure of
the present invention provides an inexpensive manufacturing of the lighting device.

The second portion of the electronic carrier may comprise tracks or other
suitable means for providing an electrical connection to the light sources. For example,
current and/or voltage is supplied by driver electronics via the electrical connection to the
light sources. Alternatively the second portion may also comprise driver electronics.

According to an embodiment of the present invention, at least one of the at
least one lid portion is folded such that the opening is at least partially closed by the at least
one lid portion. The present embodiment is advantageous in that the opening of the heat sink
structure is thereby easily and conveniently closed by the at least one lid portion (lid
portions), which even further contributes to a facilitated assembly of the lighting device.

According to an embodiment of the present invention, the heat sink structure
and the at least one lid portion may be formed by a single piece of material. The present
embodiment is advantageous in that the manufacturing of the lighting device is even further
facilitated, as the number of components in the lighting device is even further reduced.

Consequently, the lid portions do not have to be mounted to the opening of the heat sink
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structure during the assembly of the lighting device, as they are already connected to the heat
sink structure. Further, as the heat sink structure and the at least one lid portion may be
formed by a single piece of material, the thermal path between the lid portions and the
remaining portion of the heat sink structure is improved, thereby further improving the heat
dissipation from the lid portions and the first portion of the electronic carrier.

According to an embodiment the heat sink structure and the at least one lid
portion may comprise sheet metal. Further, the method of manufacturing the lighting device
may comprise providing the heat sink structure by deep drawing a piece of sheet metal. The
present embodiment is advantageous in that sheet metal has a high thermal conductivity,
thereby even further improving the heat dissipation from the electronic carrier. Further, the
sheet metal allows deep drawing for forming the (desired) shape of the heat sink structure.
However, other methods of forming the heat sink structure are also envisaged, such as rolling
or stamping the sheet metal. Alternatively, the heat sink structure may be casted.

According to an embodiment of the present invention, the lighting device may
comprise at least two lid portions, and a second lid portion may be arranged to clamp the first
portion of the electronic carrier to a first lid portion. By the term “clamp”, it is here meant a
clamping, holding, pressing and/or pinching of the first portion of the electronic carrier to the
second lid portion. Hence, the second lid portion holds the first portion of the electronic
carrier in place at the first lid portion. The present embodiment is advantageous in that the
mechanical clamping of the electronic carrier to the first lid portion is easily performed
and/or that no adhesive is required to attach the first portion of the electronic carrier to the
first lid portion, which further facilitates manufacturing as well as recycling of the lighting
device. Furthermore, as the second lid portion may press the first portion of the electronic
carrier towards the first lid portion, the heat dissipation from the first portion of the electronic
carrier to the heat sink structure becomes even further improved.

According to an embodiment of the present invention, the lighting device may
comprise at least two lid portions, and wherein the lid portions at least partially overlap each
other, which increases the thermal (and physical) contact surface between the lid portions.
Further, as the material thickness is increased in the region of the overlapped lid portions, the
heat dissipation from the first portion of the electronic carrier is even further improved.

According to an embodiment of the present invention, at least one of the at
least one lid portion may be fixed in a folded position by a locking means. The locking means

may thus hold the at least one lid portion in the folded position, and preferably in abutment
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(or physical contact) to the opening of the heat sink structure, which further improves the
heat dissipation from the lid portions to the remaining portion of the heat sink structure.

According to an embodiment of the present invention, the at least one lid
portion may be arranged to define a hole (or recess), and wherein the electronic carrier is
arranged to extend through the hole. For example, a lid portion may comprise a recess in the
edge to be mated with another lid portion, such that the opening of the heat sink structure,
closed by the at least one lid portion, comprises a recess. If the at least one lid portion is
folded, the recess may define a hole between the lid portions when they are in a folded
position. Preferably, the size of the hole corresponds to the size of the portion of the
electronic carrier located in the hole, so as to provide a close fit of the electronic carrier in the
hole, thereby even further improving the heat dissipation of the lighting device.

According to an embodiment of the present invention, the first portion of the
electronic carrier may be supported by at least one of the at least one lid portion outside a
cavity defined by the heat sink structure, and the second portion of the electronic carrier may
be arranged inside the cavity. Hence, the cavity of the heat sink structure at least partially
encloses the second portion of the electronic carrier. For example, the portion of the heat sink
structure defining the cavity may be substantially cup-shaped with two opposite openings,
wherein one is closed by the at least one lid portion and the other is arranged for allowing an
electrical connection between the second portion of the electronic carrier and a power supply
contact of the lighting device (such as a screw base).

According to an embodiment of the present invention, the lighting device may
further comprise a housing at least partially enclosing the heat sink structure. The present
embodiment is advantageous in that the housing protects the heat sink structure from outer
damage. Furthermore, the housing may be in thermal contact with the heat sink structure,
such that the housing may dissipate heat from the heat sink structure to the surroundings.

According to an embodiment of the present invention, the outer shape of the
heat sink structure may be at least partially conformed to the inner shape of the housing.
Hence, the outer shape of the heat sink structure may be arranged to closely fit in the
housing. The present embodiment is advantageous in that the (close) fit of the heat sink and
the structure even further improves the heat dissipation from the heat sink structure to the
housing. Further, a mounting of the heat sink structure in the housing is facilitated, as the
heat sink structure easier arranges in the intended position in the housing. Preferably, a major

part of the outer shape of the heat sink structure may be conformed to the inner shape of the
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housing, thereby further improving the close fit of the heat sink in the housing, and
consequently, also improving the heat dissipation.

According to an embodiment of the present invention, the housing may
comprise an electrically insulating material, such as ceramics or plastics. Hence, the present
embodiment is advantageous in that the housing electrically insulates the heat sink and the
electronic carrier from the surroundings. Preferably, the electrically insulating material may
be adapted for dissipating heat from the heat sink structure, and may therefore preferably
have a rather high thermal conductivity.

According to an embodiment of the present invention, the first portion of the
electronic carrier may make an angle of 40° to 140°, preferably 60° to 120°, and most
preferably 80° to 100°, with the second portion of the electronic carrier. Hence, the first
portion may be supported by at least one of the at least one lid portion in a substantially
horizontal position, while the second portion of the electronic carrier may extend downwards
in (the cavity of) the heat sink structure in a substantially vertical direction. Preferably, the
first and second portions of the electronic carrier may be rigidly connected to each other. For
example, the first and second portions of the electronic carrier may be part of a single piece
printed circuit board (PCB) being folded between the first and second portions to form the
above described angle. It will be appreciated that the first and second portions of the
electronic carrier remain electrically connected in the case at least one lid portion is folded.

According to an embodiment of the present invention, at least one of the at
least one lid portion may comprise a reflective surface adapted to reflect light from the light
source. The present embodiment is advantageous in that the light output from the lighting
device is increased.

It is noted that the invention relates to all possible combinations of features
recited in the claims. Further, it will be appreciated that the various embodiments described
for the lighting device are all combinable with the method as defined in accordance with the
second aspect of the present invention.

Further objectives of, features of, and advantages with, the present invention
will become apparent when studying the following detailed disclosure, the drawings and the
appended claims. Those skilled in the art realize that different features of the present
invention can be combined to create embodiments other than those described in the

following.
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BRIEF DESCRIPTION OF THE DRAWINGS

This and other aspects of the present invention will now be described in more
detail, with reference to the appended drawings showing embodiments of the invention.

Fig. 1 shows a lighting device according to an embodiment of the present
invention.

Fig. 2 is a cross section of the lighting device shown in Fig. 1.

Figs. 3-7 show a method of manufacturing a lighting device according to an
embodiment of the present invention.

All the figures are schematic, not necessarily to scale, and generally only show
parts which are necessary in order to elucidate the invention, wherein other parts may be

omitted or merely suggested.

DETAILED DESCRIPTION

With reference to Figures 1 and 2, a lighting device according to an
embodiment of the present invention will be described. Figure 2 is a cross section taken along
line A — A in Figure 1.

The lighting device 1 in Figures 1 and 2 comprises an envelope (or bulb) 2, a
housing 3, and a screw base 4, together enclosing the interior of the lighting device 1. The
lighting device 1 further comprises one or more light sources 5 and a heat sink structure 10.
The light sources 5 are arranged at a first portion 21 of an electronic carrier 20, such as a
printed circuit board (PCB). The ¢electronic carrier 20 further comprises a second portion 22
comprising at least an electrical connection to electronics for driving the light sources 5.
Optionally the second portion 22 also comprises the electronics for driving the light sources
5. The first portion 21 of the electronic carrier 20 may hereinafter be referred to as the light
source portion 21 and the second portion 22 of the electronic carrier 20 as the driver portion
22.

The heat sink structure 10 is adapted to dissipate heat from the light sources 5
and/or the electronic carrier 20, e.g. via the housing 3, to the surroundings of the lighting
device 1, wherein a dissipation of heat from the light sources 5 and/or the electronic carrier
20 extends the life time of the lighting device 1. The heat sink structure 10 defines a cavity
13, in which the driver portion 22 of the electronic carrier 20 is arranged, and the heat sink
structure 10 further comprises an opening 14 towards the envelope 2. A first lid portion 11
and a second lid portion 12 are arranged at the opening 14, wherein the lid portions 11, 12

close the opening 14 or are folded so as to close the opening 14. In other words, the lid
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portions 11, 12 may be folded to form a lid over the cavity 13 of the heat sink structure 10.
The heat sink structure 10 further comprises an additional opening 15, opposite to the
opening 14 with the lid portions 11, 12, through which additional opening 15 the driver
portion 22 (or an electrical connection to the driver portion 22) may extend for connecting
the driver portion 22 to the screw base 4. The outer shape of the portion of the heat sink
structure 10 enclosing the driver portion 22 may preferably at least partly follow the shape of
the inner walls of the housing 3, thereby providing a close fit between the heat sink

structure 10 and the housing which improves the thermal (and physical) contact there
between. In the present example, the housing 3 is cup-shaped, and the heat sink structure 10
therefore has a corresponding cup-shape.

The heat sink structure 10 may extend from a base portion of the lighting
device (e.g. in a vicinity of the screw base 4) to an approximate center portion of the lighting
device 1, as shown in Figures 1 and 2. As the lid portions 11, 12 provide a horizontal
definition within the lighting device 1, the envelope 2 and the heat sink structure 10 defines a
single compartment above the lid portions 11, 12 at least partially enclosing the light
sources 5. It will be appreciated that the single compartment may be free from further
elements and/or components, which in turn prevents an optical obstruction for the light
emitted by the light sources 5 during operation. Hence, the lighting device 1 of the present
invention provides a homogeneous, substantially omnidirectional light distribution from the
light sources 5.

The lid portions 11, 12 may be arranged (or folded) so as to abut an edge of
the opening 14 (i.e. to abut the portion of the heat sink structure 10 enclosing the driver
portion 22 of the electronic carrier 20). For a fixation of the lid portions 11, 12 in a folded
position, the lighting device 1 may comprise locking means (not shown). The locking means
may e.g. comprise one or more (small) protrusion(s) on the inside of the housing 3, located
closely above the heat sink structure 10. This arrangement allows a snap fitting of the lid
portions 11, 12, such that the protrusion(s) hold(s) the lid portions 11, 12 in the folded
position. Alternatively, or as a complement, the locking means may be formed by features in
one or more of the lid portions 11, 12, such as a protrusion in one of the lid portions 11, 12
arranged to be mated with a recess in the other lid portion 11, 12. Other locking means may
also be envisaged.

The lid portions 11, 12 (e.g. after folding the lid portions 11, 12 into the folded
position (state)) define a hole (or recess) 17 in the heat sink structure 10, through which

hole 17 the electronic carrier 20 extends through, such that the light source portion 21 is
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supported by the first lid portion 11 and the driver portion 22 is at least partially enclosed by
the heat sink structure 10 in the cavity 13. Further, the light source portion 21 of the
electronic carrier 20 preferably makes an angle with the driver portion 22 of 40° to 140°,
preferably 60° to 120°, and most preferably 80° to 100°, such as around 90 °, whereby the
light source portion 21 is supported by the first lid portion 11 in a substantially horizontal
plane and the driver portion 22 extends downwards in the cavity 13 in a substantially vertical
plane. Accordingly, the lid portions 11, 12 enable having a single electronic carrier 20 for
both carrying and driving the light sources 5, whereby a heat sink portion (i.e. the first lid
portion 11) supports and cools the light source portion 21 of the electronic carrier 20.

Preferably, the second lid portion 12 may partially overlap the first lid
portion 11 and preferably also clamp the light source portion 21 to the first lid portion 11.
The second lid portion 12 may e.g. comprise an edge 16 arranged to overlap a portion of the
light source portion 21, thereby forcing the light source portion 21 towards the first lid
portion 11. The overlapping of the edge 16 and the light source portion 21 increases the
thermal contact surface between the electronic carrier 20 and the heat sink structure 10, and
thereby leads to an even more efficient heat dissipation.

During operation of the lighting device 1, the driving electronics and, in
particular, the light sources 5, generate heat. Heat from the light sources 5 is conducted via
the light source portion 21 of the electronic carrier 20 through the lid portions 11, 12 towards
the periphery of the opening 14 of the heat sink structure 10, and then down through the
portion of the heat sink structure 10 partially enclosing the driving portion 22, and finally, via
the housing 3, out of the lighting device 1 to the surroundings.

With reference to Figures 3 to 7, a method of manufacturing the lighting
device 1 according to an embodiment of the present invention will be described.

The method may comprise the steps of providing the heat sink structure 10
having the lid portions 11, 12 and providing the electronic carrier 20, as shown in Figure 3.
The heat sink structure 10 may preferably be formed by deep drawing a piece of sheet metal
into a cup-like shape for forming the portion of the heat sink structure 10 for accommodating
the driver portion 22 of the electronic carrier 20. The same piece of sheet metal may also
comprise the first and second lid portions 11, 12 arranged at an edge of the opening 14 of the
heat sink structure 10.

The method further comprise the steps of folding the first lid portion 11, such
that it abuts the edge of, and partially close, the opening 14 of the heat sink structure 10, and

subsequently arranging the light source portion 21 of the electronic carrier 20 at the first lid
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portion 11, as shown in Figure 4. The light source portion 21 is now supported by the first lid
portion 11 and the driver portion 22 extends downwards in the cavity 13 of the cup-shaped
heat sink structure 10.

The method may further comprise the steps of placing (or arranging) the heat
sink structure 10 in the housing 3, as shown in Figure 5, and folding the second lid portion 12
such that it substantially closes the opening 14 of the heat sink structure 10 and clamps the
light source portion 21 to the first lid portion 11, as shown in Figure 6. The method may
finally comprise mounting the envelope 2 to the housing 3 such that the envelope 2 encloses
the light sources 5.

Optionally, the method may comprise a step of providing a reflective surface
on the lid portions 11, 12, e.g. by finishing, or applying a reflecting film on, the outer surface
of the lid portions 11, 12.

The person skilled in the art realizes that the present invention by no means is
limited to the preferred embodiments described above. On the contrary, many modifications
and variations are possible within the scope of the appended claims. For example, the lighting
device 1 itself and/or the individual parts of the lighting device 1 may have different
dimensions and/or sizes than those depicted/described. For example, the electronic carrier 20
may have a different shape, dimension and/or size, and the envelope 2 may have a standard
bulb shape, or, substantially, any other shape, ¢.g. round, elongated or flat. Moreover, the
number of parts, ¢.g. the number of lid portions 11, 12, the number of light sources 5, etc.,

may be different from that of depicted/described devices.
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CLAIMS:

1. A lighting device (1) comprising:
- a light source (5);
- an electronic carrier (20) comprising a first portion (21) for carrying the light
source and a second portion (22) for providing an electrical connection to the light source;
and
- a heat sink structure (10) arranged for a dissipation of heat from the electronic
carrier, the heat sink structure comprising at least one lid portion (11, 12) arranged at an
opening (14) of the heat sink structure, wherein the opening is at least partially closed by the
at least one lid portion, and

wherein the first portion of the electronic carrier is supported by at least one of
the at least one lid portion, and the second portion of the electronic carrier is at least partially

enclosed by the heat sink structure.

2. The lighting device as defined in claim 1, wherein at least one of the at least
one lid portion is folded such that the opening is at least partially closed by the at least one lid

portion.

3. The lighting device as defined in claim 1 or 2, wherein the heat sink structure

and the at least one lid portion are formed by a single piece of material.

4. The lighting device as defined in any one of the preceding claims, wherein the

heat sink structure and the at least one lid portion comprise sheet metal.

5. The lighting device as defined in any one of the preceding claims, wherein the
lighting device comprises at least two lid portions, and wherein a second lid portion is

arranged to clamp the first portion of the electronic carrier to a first lid portion.
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6. The lighting device as defined in any one of the preceding claims, wherein the
lighting device comprises at least two lid portions, and wherein the lid portions at least

partially overlap each other.

7. The lighting device as defined in claim 2, wherein at least one of the at least

one lid portion is fixed in a folded position by a locking means.

8. The lighting device as defined in any one of the preceding claims, wherein the
at least one lid portion is arranged to define a hole (17), and wherein the electronic carrier is

arranged to extend through the hole.

9. The lighting device as defined in any one of the preceding claims, wherein the
first portion of the electronic carrier is supported by at least one of the at least one lid portion
outside a cavity (13) defined by the heat sink structure, and wherein the second portion of the

electronic carrier is arranged inside the cavity.

10. The lighting device as defined in any one of the preceding claims, further

comprising a housing (3) at least partially enclosing the heat sink structure.

11. The lighting device as defined in claim 10, wherein the outer shape of the heat

sink structure is at least partially conformed to the inner shape of the housing.

12. The lighting device as defined in any one of the preceding claims, wherein the

housing comprises an electrically insulating material.

13. The lighting device as defined in any one of the preceding claims, wherein the
first portion of the electronic carrier makes an angle of 40° to 140°, preferably 60° to 120°,

and most preferably 80° to 100°, with the second portion of the electronic carrier.

14. The lighting device as defined in any one of the preceding claims, wherein at
least one of the at least one lid portion comprises a reflective surface adapted to reflect light

from the light source.
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15. A method of manufacturing a lighting device, the method comprising:

- providing a heat sink structure (10) comprising a first lid portion (11) and a
second lid portion (12) arranged at an opening (14) of the heat sink structure;

- folding the first lid portion such that it partially closes the opening;

- arranging an electronic carrier (20) comprising a first portion (21) for carrying
a light source (5) and a second portion (22) for providing an electrical connection to the light
source, such that the first portion of the electronic carrier is supported by the first lid portion
and the second portion of the electronic carrier is at least partially enclosed by the heat sink
structure; and

- folding the second lid portion such that it together with the first lid portion at

least partially closes the opening of the heat sink structure.
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