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Description
TECHNICAL FIELD

[0001] Thisinvention belongs to the field of lighting de-
vices which comprises heat dissipation elements, such
as radiators.

STATE OF THE ART

[0002] Light sources, such as light-emitting diodes
(LEDs), generate heat during its operation. If they over-
heat, lighting properties may decrease or evenfail. These
light sources are usually installed on heat sinks, which
provide heat dissipation. In some occasions, a heat-dis-
sipating device is required to increase the heat dissipa-
tion of the heat sink.

[0003] Several heat-dissipating devices are known in
the state of the art. Classic pins arrangement, which are
usually disposed perpendicular to the heat sink, cannot
normally cope with large amounts of heat, generated by
high-intensity light sources.

[0004] An alternative solution is represented by radia-
tors with metal layers, which are bended to achieve a
greater contact surface between air and metal.

[0005] However, these solutions might not take advan-
tage of the airflow generated by natural convection, and
therefore they normally need a high volume of heat dis-
sipation units to achieve heat dissipation values which
are suitable for current lighting devices.

DESCRIPTION OF THE INVENTION

[0006] The invention provides a solution for this prob-
lem by means of a heat dissipation element for circuits
according to claim 1. Preferred embodiments of the in-
vention are defined in dependent claims.

[0007] Inafirstinventive aspect, the invention provides
a lighting device comprising a light source, a heat sink
and a heat dissipation element

the heat sink being in thermal contact with the light
source;

the heat dissipation element comprising a plurality
of wire loops made of a solid wire; and

at least one of the wire loops comprising at least one
attachment point being attached to the heat sink.

[0008] The wire loops are made of solid wire, i.e., a
filiform piece which is made of the same material in its
entirety (without any cavity, as in the case of heat pipes).
This solid wire may be made of metal, such as copper or
aluminium, of a composite material, such as graphite fi-
bres embedded in a plastics matrix, or of any other ma-
terial which are good heat conductors, thus ensuring
proper heat dissipation from the heat sink.

[0009] A wire loop may be embodied in different ways.
In some embodiments, the heat dissipation element has
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a helix shape, and that all wire loops are part of the same
continuous solid wire. In this way, a wire loop would be
one helix turn, and each wire loop usually has one at-
tachment point where each wire loop is attached to the
heat sink. In other embodiments, each wire loop is an
individual piece of solid wire. In some of these embodi-
ments, each wire loop is closed, such as, for example, a
circle or a polygon with rounded vertices. In other of these
embodiments, each wire loop is open, and is usually at-
tached to the heat sink in at least two attachment points,
the heat sink being the closure of these wire loops.
[0010] The thermal contact between the light source
and the heat sink should be understood in the sense that
the lighting device enables heattransfer between the light
source and the heat sink, either by direct contact or by
means of an intermediate element. This thermal contact
may be embodied in some different ways. In some em-
bodiments, the lighting device would comprise a plastic
substrate with a conductive track directly deposited on it
and the light source being placed in direct contact with
the heat sink but electrically connected to the conductive
track. In some embodiments, the lighting device would
comprise a printed circuit board comprising the circuit
tracks, with the light source also comprised in it, the light
source being in thermal contact with the heat sink by
means of this printed circuit board.

[0011] Such a lighting device may be used with high-
intensity light sources, as the heat dissipation element
with solid wire loops is a cheap, easy-to-manufacture so-
lution (compared to e.g. heat pipes) which, however,
achieves proper heat dissipation.

[0012] In some embodiments, the wire of the at least
one wire loop comprises metal, such as, for example,
copper or aluminium. In other embodiments, the wire of
at least one wire loop comprises a composite material
comprising a plastic material and graphite fibres. These
materials are good heat conductors, thus ensuring proper
heat dissipation from the heat sink.

[0013] In some embodiments, the wire of at least one
of the wire loops comprises a cross section which is cir-
cular. In some embodiments, the wire of at least one of
the wire loops comprises a cross section which is elliptic.
In some embodiments, the wire of at least one of the wire
loops comprises a cross section which has a rectangular
shape.

[0014] Circular cross sections are a good solution for
heat dissipation from a solid wire. An elliptic cross section
and a rectangular cross section are suitable for directing
the airflow, depending on the orientation. Depending on
the specific use of the lighting device of the invention,
one or several of these cross sections maybe suitable
for the heat dissipation element.

[0015] In some embodiments, the wire of the wire loop
which has acircular cross section with an area comprised
between 0.8 and 7 mm2. This size range is suitable for
optimal heat dissipation, considering the standard di-
mensions of a heat sink in the field of automotive lighting.
[0016] In a particular embodiment, the light source
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comprises at least one LED. This kind of light source
provides a good lighting power with a very low electric
power consumption.

[0017] In some embodiments, the heat dissipation el-
ement comprises a first wire loop and a last wire loop in
such a way that all the wire loops are located following
a tube arrangement between the first wire loop and the
last wire loop.

[0018] This tube arrangement should be understood
as a way of placing the wire loops, where adjacent wire
loops are placed regularly one after the other, following
the silhouette of an open tube.

[0019] This arrangement comprising wire loops may
allow an airflow run from the first wire loop to the last wire
loop in a continuous way, most of the airflow exiting
through the last wire loop to open space. This leads to
an improved cooling performance of the heat dissipation
element.

[0020] In some embodiments, the wire loops define an
inner volume and the light source is located inside the
inner volume. As an airflow is induced inside the inner
volume by convection phenomena, the light source being
located inside the airflow allows a more direct cooling of
this light source.

[0021] In some embodiments, every wire loop is con-
tained in aloop plane, the heat sink is contained in a sink
plane and each loop plane forms between 40° and 140°
with respect to the sink plane. This embodiment relates
to the wire loops which are separated pieces of solid wire,
each wire loop being contained in a loop plane. At least
some of the loop planes of this embodiment may form a
non-perpendicular angle with the sink plane for causing
a specific airflow pattern.

[0022] In some embodiments, the wire loops are part
of the same continuous wire. In these embodiments, the
manufacture of the wire loops may be easily achieved,
by shaping a single wire and attaching it in some attach-
ing points to the heat sink.

[0023] In a more particular embodiment, the lighting
device further comprises a fan device, suitable for forcing
air to circulate through the inner volume. This fan device,
such as a mechanical fan or a compressor, improves the
cooling performance of the heat dissipation element in-
cludedin the lighting device. Hence, even higherintensity
light sources may be used, as this improved cooling per-
formance is able to greater heat dissipation.

[0024] In some embodiments, the following features
concur:

the heat dissipation element comprises a first region
of wire loops and a second region of wire loops;
the first region comprises a first border wire loop,
which is the wire loop of the first region that is closer
to the second region, the first border wire loop com-
prising a first attachment point and a first top point,
which is the point of the wire loop farthest from the
attachment point;

the second region comprises a second border wire
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loop, which is the wire loop of the second region that
is closer to the first region, the second border wire
loop comprising a second attachment point and a
second top point, which is the point of the wire loop
farthest from the attachment point;

between the first top point and the second top point
there is a first distance which is greater than a half
of a second distance between the first top point and
the first attachment point.

[0025] This arrangement leads to an intermediate re-
gion between the first region and the second region
where there are no wire loops. This intermediate region
is usually located near the light source, where the cooling
requirements are higher. An arrangement with this inter-
mediate region comprising a lower density of wire loops
near the light source has proven to be advantageous for
the cooling efficiency of the cooling device comprised in
this lighting device.

[0026] In some embodiments, the wire loops are ar-
ranged in asymmetrical way with respectto a plane which
is perpendicular to a sink plane where the heat sink is
contained. This arrangement is adapted for different air-
flow conditions, as air may flow in one direction or in the
opposite direction.

[0027] In some embodiments, the lighting device fur-
ther comprises a circuit board extending on the heat sink,
wherein the light source is electrically connected to the
circuit board as part of a circuit. This connection may be
embodied in some different ways.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] To complete the description and in order to pro-
vide for a better understanding of the invention, a set of
drawings is provided. Said drawings form an integral part
of the description and illustrate an embodiment of the
invention, which should not be interpreted as restricting
the scope of the invention, but just as an example of how
the invention can be carried out. The drawings comprise
the following figures:

Figure 1 shows a lighting device according to the
present invention.

Figures 2a, 2b and 2c show three examples of cross
sections of the solid wire that form the wire loops.

Figures 3a to 3d show different embodiments of a
lighting device according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Figures 1a to 1d show different embodiments
of a lighting device 1 according to the invention. In all of
these embodiments, the lighting device 1 comprises a
light source 2, a heat sink 3 and a heat dissipation ele-
ment 4. The light source 2 is in thermal contact with the
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heatsink 3, i.e. in such a way that heat may be evacuated
from the light source 2 to the heat sink 3 by thermal con-
duction. The heat dissipation element 4 comprises a plu-
rality of wire loops 41 made of a solid wire.

[0030] In these embodiments, the heat dissipation el-
ement 4 comprises a first wire loop 43 and a last wire
loop 44 in such away that all the wire loops 41 are located
following a tube arrangement between the first wire loop
43 and the last wire loop 44.

[0031] Inthese embodiments, each wire loop 41 com-
prises an attachment point 42, this attachment point 42
being attached to the heat sink 3. In this way, heat may
be evacuated from the heat sink 3 to the wire loops 41
by conduction. Likewise, in other embodiments the wire
loops 41 may contain more than one attachment point
42 to be joined to the heat sink 3.

[0032] In figure 3a, the wire loops 41 are part of the
same continuous solid wire, which has the shape of a
helix forming the wire loops 41. Each of the wire loops
41 has one attachment point 42 to thermally attach the
wire loop 41 to the heat sink 3.

[0033] Figure 3b shows another example of wire loops
41 wherein the wire loops 41 are separate wire loops,
each wire loop being contained in a loop plane. In this
figure, wire loops 41 have the shape of rectangles with
rounded vertices. In other embodiments, these wire loops
may have different shapes, such as circles or regular
polygons with rounded vertices. Depending on the shape
of these wire loops, one or more attachment points may
be provided in each wire loop to thermally attach the wire
loop to the heat sink.

[0034] In figure 3c, as in the embodiment of the pre-
ceding figure, every wire loop is contained in aloop plane
and the heat sink 3 is in turn contained in a sink plane
31. In this case, each loop plane forms between 40° and
140° with respect to the sink plane. The first wire loop 43
is the wire loop that forms the smallest angle with respect
to the sink plane 31 and the last wire loop 44 is the wire
loop that forms the greatest angle with respect to the sink
plane 31.

[0035] In figure 3d, the lighting device 1 is similar to
the device offigure 3c, exceptinthat there are tworegions
of wire loops:

afirst region, every wire loop of this first region form-
ing between 40° and 70° with respect to the sink
plane 31, and
asecond region, every wire loop of this second group
forms between 110° and 140° with respect to the
sink plane 31.

[0036] The first region includes the first wire loop 43
and a first border wire loop 45, which is the wire loop of
this first region which is closer to the second region.
[0037] The second region includes the last wire loop
44 and a second border wire loop 46, which is the wire
loop of this second region which is closer to the first re-
gion.
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[0038] Each wire loop 41 comprises an attachment
point 42 and a top point, which is the point of the wire
loop 41 which is farthest from the attachment point 42.
Particularly, the first border wire loop 45 comprises a first
top point 48, and the second border wire loop 46 com-
prises a second top point 49.

[0039] Between the first top point 48 and the second
top point 49 there is a first distance d1 which is greater
than a half of a second distance d2 between the first top
point 48 and the attachment point of the first border wire
loop 45.

[0040] As a consequence, there is a zone of the heat
dissipation element 4 with no wire loops. Placing this
zone in the vertical projection of the lighting source 2 has
provento be advantageous. As may be seeninthisfigure,
the wire loops 41 are arranged in a symmetrical way with
respect to a symmetrical plane 47 which is perpendicular
to a sink plane 31 where the heat sink 3 is contained.
This feature is common to many embodiments, although
in this case there is also a space between the wire loops
of the first region and the wire loops of the second region.
[0041] The attachment between the attachment points
and the heat sink is carried out by a process which en-
sures the thermal contact between the heat dissipation
element and the heat sink, e.g., by welding, brazing or
curing.

[0042] In some of the embodiments shown in these
figures, the lighting devices comprise a circuit board 5.
The circuit board 5 extends on the heat sink 3, and the
light source 2 is electrically connected to the circuit board
5, because it is part of a circuit. The light source 2 com-
prises one LED, but may also comprise two or three
LEDs. In other embodiments, the circuit board extends
on two opposite faces of the heat sink 3, in such a way
that the heat sink 3 delimits an upper volume and a lower
volume of the lighting device, each volume comprising
at least one light source.

[0043] Regardless the wire loops arrangement, an in-
ner volume may be defined by the wire loops. This inner
volume is limited by parallel straight lines which join ad-
jacent wire loops. In some embodiments, the light source
is arranged inside this inner volume.

[0044] In some embodiments, the lighting device fur-
ther comprises fan device, suitable for forcing air to cir-
culate through the inner volume.

[0045] Regarding the cross section of the solid wire,
some embodiments comprise a solid wire with a circular
cross section, some embodiments incorporate a solid
wire with an elliptic cross section and some embodiments
incorporate a solid wire with a rectangular cross section.
In some embodiments, some of the wire loops are made
of solid wire with circular cross section, other wire loops
are made of solid wire with elliptic cross section and other
wire loops are made of solid wire with rectangular cross
section. Even in some embodiments, there are wire loops
with a solid wire that comprises a portion with a cross
section which s circular and a portion with a cross section
which is elliptic or rectangular. Figures 2a, 2b and 2c
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show these three examples of cross sections of the solid
wire that form the wire loops.

[0046] Inthe embodiments shown in these figures, the
wire of the wire loops 41 has a cross section with an area
comprised between 0.8 and 7 mm2, which is suitable for
their correct operation.

[0047] In the embodiments shown in the aforemen-
tioned figures, the loops were made of metal, such as
copper or aluminium. In other embodiments, other ma-
terials may be used, such as composite materials, e.g.,
graphite fibres embedded in a plastics matrix.

[0048] Theinventionis obviously notlimited to the spe-
cific embodiments described herein, but also encom-
passes any variations that may be considered by any
person skilled in the art (for example, as regards the
choice of materials, dimensions, components, configu-
ration, etc.), within the general scope of the invention as
defined in the claims.

Claims
1. Lighting device (1) comprising:

a light source (2),

a heat sink (3), the heat sink (3) being in thermal
contact with the light source (2), and

a heat dissipation element (4),

the heat dissipation element (4) comprising a
plurality of wire loops (41) made of a solid wire,
at least one of the wire loops (41) comprising at
least one attachment point (42), the at least one
attachment point (42) being attached to the heat
sink (3).

2. Alighting device (1) according claim 1, wherein the
wire of at least one wire loop (41) comprises a metal,
such as copper or aluminium.

3. A lighting device (1) according to claims 1 or 2,
wherein the wire of at least one wire loop (41) com-
prises a composite material, such as graphite fibres
embedded in a plastics matrix.

4. Alighting device (1) according to any of claims 1-3,
wherein the wire of at least one of the wire loops (41)
comprises a cross section which is circular, elliptic
or with rectangular shape.

5. Alighting device (1) according to any of claims 1-5,
wherein the wire of the wire loops (41) has a cross
section with an area comprised between 0.8 and 7
mm2,

6. A lighting device (1) according to any of preceding
claims, wherein the light source (2) comprises at
least one LED.

10

15

20

25

30

35

40

45

50

55

7. A lighting device (1) according to any of preceding
claims, the heat dissipation element (4) comprising
a first wire loop (43) and a last wire loop (44) in such
away that all the wire loops (41) are located following
a tube arrangement between the first wire loop (43)
and the last wire loop (44).

8. A lighting device (1) according to any of preceding
claims, wherein every wire loop (41) is contained in
a loop plane, the heat sink (3) is contained in a sink
plane (31) and each loop plane forms between 40°
and 140° with respect to the sink plane (31).

9. A lighting device (1) according to any of claims 1 to
7, wherein the wire loops (41) are part of the same
continuous wire.

10. A lighting device (1) according to any of the preced-
ing claims, wherein the wire loops (41) define an in-
ner volume and the light source (2) is located inside
the inner volume.

11. A lighting device (1) according to any of preceding
claims, wherein the wire loops (41) define an inner
volume and the lighting device further comprises fan
means, suitable for forcing air to circulate through
the inner volume.

12. A lighting device (1) according to any of preceding
claims, wherein

the heatdissipation element (4) comprises a first
region of wire loops and a second region of wire
loops;

the first region comprises a first border wire loop
(45), which is the wire loop of the first region that
is closer to the second region, the first border
wire loop (45) comprising afirst attachment point
and a first top point (48), which is the point of
the first border wire loop (45) farthest from the
first attachment point;

the second region comprises a second border
wire loop (46), which is the wire loop of the sec-
ond region that is closer to the first region, the
second border wire loop (46) comprising a sec-
ond attachment point and a second top point
(49), which is the point of the second border wire
loop (46) farthest from the second attachment
point; and

between the first top point (48) and second the
top point (49) there is a first distance (d1) which
is greater than a half of a second distance (d2)
between the first top point (48) and the first at-
tachment point.

13. A lighting device (1) according to any of preceding
claims, wherein each wire loop (41) has a circular
shape or a substantially polygonal shape with round-
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ed vertices.

A lighting device (1) according to any of preceding
claims, wherein the wire loops (41) are arranged in
a symmetrical way with respect to a symmetrical
plane (47) which is perpendicular to a heat sink plane
(31) where the heat sink (3) is contained in such a
way that an equal number of wire loops is provided
on each side of the symmetrical plane.

A lighting device (1) according to any of preceding
claims, further comprising a circuit board (5) extend-
ing on to the heat sink (3), wherein the light source
(2) is electrically connected to the circuit board (5)
as part of a circuit.
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