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LIGHT FIXTURE

FIELD OF THE INVENTION

The invention relates to a light fixture. In a preferred embodiment, the invention relates
to a light fixture comprising high-brightness light emitting diodes (LEDs), and the

passive cooling thereof.

BACKGROUND OF THE INVENTION

In recent years the use of LEDs in consumer lighting devices has significantly increased
as a consequence of the potential for increased service life and increased energy
efficiency over conventional fluorescent and incandescent bulbs. In comparison to these
types of bulbs, however, a significant amount of heat is produced by LEDs. This heat, if
not removed from the LED, will increase the junction temperature, i.e. the temperature
at which the LED operates. This has deleterious effects on the efficiency and service life
of the LED, as well as the consistency over time of the colour of the light output from
the LED. Accordingly, it is important to reduce the junction temperature of the LED as

much as possible by removing heat from the LED in operation.

In particular, high brightness LED arrays can be manufactured which include over a
hundred LED die in a single package with a light emitting area of only a few cm’.
While this small light emitting surface area is highly beneficial in terms of the
uniformity of the emitted light, it results in a high amount of heat production,
concentrated to a small area, which can result in a rapid increase in junction temperature

if not suitably managed.

It is well known in the art to use heat-sinks formed of thermally conducting materials
such as aluminium, copper or other metals. Generally, an LED might be mounted on a
solid block, from which extends a plurality of fins. These increase the surface area of
the heat-sink to allow more heat to be dissipated into the surrounding air by convection.
For high-brightness LEDs where the heat output may be in excess of tens of Watts,

forced air cooling is often used, wherein fans, piezoelectric microblowers or similar are
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used to increase airflow over the heat-sink. However, the inclusion of these components
in a lighting fixture will increases its cost, complexity and power consumption.
Furthermore, the inclusion of such components will increase the noise contamination

caused by the fixture and increase the fixture’s maintenance requirements.

It is also known in the art to create more complex passive cooling circuits which
combine multiple heat-sinks by means of heat pipe technology. For example,
WO 2011/032554 A1 is directed towards a cooling device for a heat source, especially
LED modules, wherein the LED module is connected to a first heat-sink which
comprises a main metal block from which fins extend. This first heat-sink is thermally
connected to a second, larger heat-sink by means of heat pipes running through the main

block of the first heat-sink.

Fundamentally, however, the removal of heat from the LED module in cooling circuits
such as this is limited by the first heat-sink. In particular, any inefficiencies in the
transfer of heat from the LED module to the first heat-sink can act as a ‘thermal

bottleneck’, resulting in an increase in the junction temperature.

The present invention aims to ameliorate these and other deficiencies of the prior art.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a lighting device
comprising: a light source; at least one heat pipe thermally connected to the light source
and extending away from the light source; and heat exchanging means which are remote
from the light source and are thermally connected to the at least one heat pipe so that
heat is transferred from the light source to the heat exchanging means by the at least one
heat pipe, and dissipated from the heat exchanging means through convection; wherein
the lighting device is adapted such that thermal mass is minimised local to the light
source and that the thermal path between the light source and the at least one heat pipes

is minimised.
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The lighting device may comprise a plurality of heat pipes. The lighting device may
further comprise a structure formed of the heat pipes and heat exchanging means, which
structure supports the light source. The plurality of heat pipes are in mechanical and
thermal contact with each other local to the light source. The light source may have a
light emitting side and a thermally conducting side which is in thermal communication
with the heat pipes; and the heat pipes may be in substantial alignment with the areas of
the thermally conducting side which correspond with the light emitting areas of the light

emitting side.

According to another aspect of the present invention there is provided a lighting device
comprising: a light source having a light emitting side and a thermally conducting side;
and a plurality of heat pipes in mechanical and thermal contact with each other local to
the light source, and extending away from the light source; wherein the heat pipes are in
thermal communication with the thermally conducting side of the light source and in
substantial alignment with the areas of the thermally conducting side which correspond

with the light emitting areas of the light emitting side.

The lighting device may be adapted such that thermal mass is minimised local to the
light source and that the thermal path between the light source and the heat pipes is
minimised. The lighting device may further comprise heat exchanging means which are
thermally connected to the heat pipes and are remote from the light source. The lighting
device may further comprise a structure formed of the heat pipes and heat exchanging

means, which structure supports the light source.

According to yet another aspect of the present invention there is provided a lighting
device comprising: a light source; a plurality of heat pipes thermally connected to the
light source; heat exchanging means thermally connected to the heat pipes; and a
structure formed of the heat pipes and heat exchanging means, which structure supports

the light source.
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The lighting device may be adapted such that thermal mass is minimised local to the
light source and that the thermal path between the light source and the heat pipes is
minimised. The light source may have a light emitting side and a thermally conducting
side which is in thermal communication with the heat pipes; and the heat pipes may be
in substantial alignment with the areas of the thermally conducting side which

correspond with the light emitting areas of the light emitting side.

The entirety of the areas of the thermally conducting side of the light source which
correspond with the light emitting areas of the light emitting side may be in alignment
with the heat pipes.

The heat pipes may form an array, with each heat pipe in direct thermal contact with the
adjacent heat pipe to form an area which is at least the same as the area encompassing

the light emitting area of the light source.

The light source may be in only in thermal communication with heat exchanging means

by the at least one heat pipe.

The heat pipes may be adapted to provide a substantially planar mounting surface.

The heat pipes may be bonded together and the bonded heat pipes may be adapted to

provide a continuous, substantially planar, mounting surface.

The heat pipes may support the light source.

The heat exchanging means may comprise a plurality of substantially planar fins.

The lighting device may comprise a thermally conducting plate which connects the light

source to the heat pipes.
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The lighting device may comprise a support frame. The support frame; heat pipes and

heat exchanging means may form a structural assembly.

The light fixture may comprise a lens and/or a baffle. The support frame may support

the lens and/or the baffle.

The frame may comprise elongate members which connect to the edges of the heat
exchanging means or to the corners of the heat exchanging means. The elongate
members may be adapted to engage with corresponding means provided on the heat

exchanging means.

The frame may further comprise at least one cross-supporting member which is
substantially perpendicular to the edge members. These may comprise means for
connecting which are adapted to correspond to and engage with the inward facing

profile of the elongate members.

At least one cross supporting member may comprise a substantially planar portion

which covers the part of the at least one heat pipe which corresponds to the light source.

Each fin of the heat exchange means may comprise an engagement means, engageable
with a corresponding engagement means on an adjacent fin. The engagement means
may be a tab which is adapted to receive, and engage with, the tab of an adjacent fin.
The tab may comprise an edge profile engageable with a corresponding edge profile on
the tab of the adjacent fin. The engagement means may be disposed on at least one

corner of the fin.

The means for connecting may be further adapted to connect to a support structure.

The light source may be located at one end of each of the heat pipes.
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Preferably, the ratio of the spacing between fins to the height of the fins may be
between 1:13 and 1:3.2. Even more preferably, the ratio of the spacing between fins to

the height of the fins may be around 1:5.5. The height of the fins may be around 4.5 cm.

Where the lighting device comprises more than one heat pipe, at least some of the heat
pipes may bend away from the axis along which they initially extend from the light
source and bend back towards the axis along which they initially extend, such that they
extend through the heat exchanging means parallel to each other and parallel to the axis

along which they initially extend.

The heat exchanging means may be formed of a different material to the heat pipes. The

heat exchanging means may be formed of a different material to the mounting plate.

The lighting device may be adapted to be suspended in a space, with the heat
exchanging means exposed to the air of the space in which the lighting device is
suspended. The lighting device may comprise supporting means adapted to connect to
cables from which the lighting device is suspended. The supporting means may be

attached to the heat pipes, the heat exchanging means or the support frame.
The light source may comprise one or more LED or one or more LED array. The light
source may comprise one or more OLED or one or more OLED array. The light source

may comprise one or more laser diode or laser diode array.

BRIEF DESCRIPTION OF THE DRAWINGS

By way of example, embodiments of a lighting fixture according to the invention will

now be described with reference to the accompanying drawings:

Figure 1 shows a perspective view of the complete lighting fixture.

Figure 2 shows a perspective view of the LED array and cooling circuit of the lighting

fixture.
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Figure 3 shows a view of the underside of the LED array and cooling circuit of the

lighting fixture.

Figure 4 shows a side view of the LED array and cooling circuit of the lighting fixture.
Figures 5a shows an end-on view of the LED array and cooling circuit of the lighting
fixture. Figures 5b and Sc show cross-sectional views of the LED array and cooling
circuit of the lighting fixture through axes B-B and C-C of Figure 7, respectively.

Figure 6 shows a plan view of the LED and cooling circuit of the lighting fixture

Figure 7 shows a side view of the complete lighting fixture.

Figure 8a shows an end view of the assembled light. Figures 8b and 8c show cross-
sectional views of the complete lighting fixture through axes D-D and E-E of Figure 7,

respectively.

DETAILED DESCRIPTION OF THE INVENTION

Figures 1 shows a light fixture 200 according to an exemplary embodiment of the
present invention. The light fixture 200 comprises a light source 30, which is connected
to a cooling circuit 100 comprising heat pipes 10 and fins 20. The cooling circuit 100 is
surrounded by a support frame comprised of elongate struts 60, end pieces 70 and

central supporting piece 80.

In this embodiment the light source 30 comprises a single high density, high brightness
LED array, specifically the Cree® CXA3050 LED array. The LED array comprises a
plurality of individual LEDs in a small area to form a single, high brightness, light
emitting surface. The array is disposed on a ceramic substrate which is both electrically

insulating and has high thermal conductivity.
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While here the light source 30 comprises a high brightness LED array, it will be
apparent to the skilled person that other light sources may be used. For example, single
or multiple high-brightness LEDs, multiple LED arrays, single or multiple OLEDs or
OLED arrays, or single or multiple laser diodes or laser diode arrays, are all

contemplated.

As the high-brightness LED array produces waste heat up to and in excess of 70 W,
efficient cooling of the LED array is required to avoid a build-up of heat in the LED
array, and corresponding increase in the junction temperature. The light source 30 is
cooled by way of the cooling circuit 100. Figure 2 shows the cooling circuit 100 in
isolation. The cooling circuit 100 comprises heat pipes 10 and fins 20. The heat pipes
are provided to absorb heat from the light source 30, carry heat away from the light
source 30, and transfer the heat to fins 20 which provide a large surface area from which

the heat can be convectively dissipated into the surrounding air.

Each heat pipe 10 functions to transfer heat efficiently and evenly away from the light
source 30, and to the fins 20. Heat pipes generally have effective thermal conductivities
in the range of from 5000 to 200,000 W/mK. Heat pipes comprises a hollow, vacuum
tight, sealed tubular structure which contains a small quantity of a working fluid and
which has a capillary wicking structure (not shown) in its interior. Heat from the light
source 30 is absorbed by vapourising the working fluid. The vapour then transports heat
along the heat pipe 10 away from the light source 30 to a region where the condensed
vapour releases heat to the fins 20. The condensed working fluid then returns to the end
of the heat pipe 10 closest to the light source 30 by means of the wicking structure. In
this embodiment, the heat pipes 10 are formed of copper, although any heat pipe of
suitably high thermal conductivity may be used.

As shown in Figures 2 and 6, each heat pipe 10 is in thermal contact with the light
source 30 at one end. The heat pipes 10 extend away from the light source 30 and are
mechanically and thermally connected to the fins 20, which are remote from the light

source 30. In this embodiment, six heat pipes 10 are provided, but other numbers of heat
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pipes 10 may be provided depending on the heat dissipation required for a particular

light source 30.

Figure 3 shows the underside of the cooling circuit 100, to which the light source 30 is
attached. As discussed above, in this case, light source 30 is a high-brightness LED
array disposed on a ceramic substrate. This is mounted on the heat pipes 10 by means of
a thin thermally conductive mounting plate 40. As shown best in Figure 3 and 6, at the
light source 30, the heat pipes 10 are parallel and in mechanical and thermal contact
with each other. This enables the heat pipes 10 to be in the closest proximity possible to
the light source 30. Also, this means that the entire light emitting surface 32 of light
source 30 is covered on the reverse side of the light source 30 by at least one of the heat
pipes 10. As the heat generation will be localised to the light-emitting surface 32, this
arrangement enables the maximum amount of heat to be extracted from the light source
30, as the thermal path between the light emitting surface 32 and the heat pipes 10 is

minimised.

The heat pipes 10 are coupled to a plurality of fins 20, which are substantially
perpendicular to each other, and are remote from the light source 30. As can be seen in
Figures 2, 3 and 6, the heat pipes 10 initially bend away from each other, before
bending back to extend parallel to each other through the fins 20. In this way, the heat
pipes 10 are located evenly along the width of the fins 20, which results in an even

dissipation of heat from the heat pipes 10 to the fins 20.

Figure 5b shows a cross-section taken through B-B of Figure 4, i.e. through the centre
of the cooling circuit 100. It can be seen from this view that the heat pipes 10 have been
flattened slightly on one side to increase the contact area of the heat pipes. As
mentioned above, in this embodiment, the light source 30 is mounted on the heat pipes
10 by means of the mounting plate 40, which in this embodiment is formed of copper
and provides thermal contact between the heat pipes 10 and the light source 30, as well
as a flat mounting surface for the light source 30. This is important as the high

brightness LED array comprises a ceramic substrate. While ceramics offer suitably high
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thermal conductivity along with electrical insulation, they are generally more brittle
than metals. As such, they are liable to mechanical damage if mounted on a non-flat
surface. While the sides of the heat pipes 10 have been substantially flattened, they may
not provide a sufficiently flat surface for a robust mechanical and thermal connection
were the light source 30 mounted directly onto the heat pipes 10. Therefore, the
conducting mounting plate 40 is provided, which has a flat surface on which the light
source is mounted, but is more malleable and so provides a firm mechanical contact
with the heat pipes 10, all the while having high thermal conductivity to facilitate
transfer of heat from the light source 30 to the heat pipe 10.

Preferably, as shown in the enlarged section of Figure 5b, the gaps 12 between the
curved surfaces of the heat pipes 10 and the mounting plate 40 are filled with a
thermally conducting material. For example, solder can be used at gaps 12 to not only
bond the heat pipes 10 together, but also ensure that a continuous thermal contact with
the mounting plate 40 is provided across the width of the arrangement of heat pipes 10.
Of course, continuous thermal contact could also be achieved with a profiled upper
surface on mounting plate 40, or alternatively with heat pipes 10 having a cross-section

with a substantially ‘squared-off” lower portion, so that the size of gaps 12 is negligible.

As can be seen in Figure Sb, the thickness of the mounting plate 40 is significantly less
than that of the heat pipes 10 themselves. The thickness of the mounting plate 40 is
minimised, so as to reduce the thermal path between the light source 30 and the heat
pipes 10 to a minimum, while still providing a firm mechanical and thermal contact
between the light source 30 and the heat pipes 10. This maximises the efficiency of heat

extraction from the light source 30 by the heat pipes 10.

While in this embodiment, the mounting plate 40 is made of copper, it will be apparent
to one skilled in the art that a number of thermally conductive materials would also be
suitable. As mentioned above, the light source 30 may alternatively be mounted directly
on the heat pipes, dependent on the mechanical and thermal connection required for a

particular light source 30.
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The heat pipes 10 are directly mechanically and thermally connected to a plurality of
fins 20. As best shown by Figures 2, 3 and 4, the fins are remote from the light source
30 and are arranged, parallel to each other, along the length of, and perpendicular to, the
heat pipes 10. In this embodiment, three of the six heat pipes 10 extend along the axis
A-A in one direction away from the light source, and are connected to a first array of
fins 20, while the other three heat pipes 10 extend away from the light source in the

opposite direction along axis A-A and are connected to a second array of fins 20.

As best shown by Figure 6, the direction in which the heat pipes 10 extend alternates,
i.e. each heat pipe 10 extends in the opposite direction to the adjacent heat pipe 10. This
ensures that an equal amount of heat is transferred from the light source 30 to each array

of fins 20.

Each fin 20 is substantially planar. In this embodiment the fins 20 are substantially
rectangular, though this not necessarily be the case. In this particular embodiment, the
fins 20 are dimensioned with a width of 13 cm and a height of 4.5 cm, i.e. the aspect
ratio of the fin 20 is about 1:3, corresponding to the three heat pipes 10 which are
located evenly along the width of the fin 20, and centrally located vertically on the fin
20. As such, each heat pipe 10 is associated with a roughly equal surface area of the fin
20. It will be appreciated that the dimensions of the fin 20 and the total number of fins
20 provided may be different than in this particular embodiment, depending on the
number of heat pipes, and the total surface area required to dissipate heat by convection

into the air surrounding the cooling circuit 100.

The fins 20 also comprise integral tabs 22 disposed at each corner of the fin 20. As best
shown in the enlarged view in Figure 2, each tab comprises a protrusion 23 and recess
24. The protrusion 23 of each tab 22 is received by the recess 24 of the corresponding
tab 22 of the adjacent fin 20, with the edge of protrusion 23 abutting the edge of the
recess 24. In this way, each fin 20 of an array is mechanically located relative to the

adjacent fins 20, which increases the mechanical stability of the array as a whole and
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ensures that the fins 20 remain perpendicular to each other. As the tabs 22 are disposed
on the corners of the fins 20, rather than on the surface of the fins 20, obstruction to the
airflow between the fins 20 can be avoided, increasing the efficiency of convection
through the fin array. Furthermore, this results in a less obstructed view through the fin

arrays increases the aesthetic appeal of the light fixture 200.

Due to the high thermal conductivity of the mounting plate 40 and heat pipes 10, the
connection between the fins 20 at the integral tabs 22 has negligible impact on the

operation of the cooling circuit 100.

In this embodiment the fins 20 are formed of aluminium. While aluminium has a
reduced thermal conductivity compared to copper, it has significantly lower density,
reducing the overall weight of the light fixture 200. It will be apparent to the skilled
person that the fins may alternatively be formed of other suitable materials having
sufficiently high thermal conductivity and low weight. For example other metals such as
titanium or nickel alloys may be suitable, or indeed non-metallic materials including
graphite or other high thermal conductivity carbon based materials. The fins 20 might

also be made of a combination of materials.

Returning now to Figure 1, in the assembled light fixture 200 the cooling circuit 100 is
surrounded by a support frame. This is provided to increase the mechanical stability of
the light fixture 200, and support a lens 95 and baffle 90 to direct the light emitted from
the light source 30. Importantly, air flow between the fins 20 is not obstructed by the
support frame, maximising the convection of heat from the fins 20 into the surrounding
air. The support frame may be made of any suitable material, for example metals such
as aluminium or thermally insulating materials such as plastics. Similarly to the integral
tabs 22 of the fins 20, while the support frame connects to and forms a structure with
the fins, it has negligible impact on the operation of the cooling circuit 100 due to the

high thermal conductivity of the mounting plate 40 and heat pipes 10.
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The support frame comprises edge struts 60, end support pieces 70 and central support

piece 80.

As best shown in Figures 8¢ and 1, the cross-section of the edge struts 60 are adapted to
correspond to the indentations formed by the tabs 22 at the corners of the fins 20. The
edge struts 60 similarly connect to the end support pieces 70 and central support piece
80. As best shown in Fig 7a, the end support piece 70 comprises arms 72. The ends of

the arms 74 are shaped to interlock with the inward facing side of the edge struts 60.

Similarly, as best shown in Figures 8b and 1, the central support piece 80 also
comprises arms 82 with ends 84 adapted to interlock with the inward facing side of edge
struts 70. The central support piece 80 further comprises a substantially planar central
section 86. This central section 86 is provided not only as part of the supporting frame,
but also to support baffle 90 and lens 95. In this embodiment, lens 95 is a plastic lens,
although it will be apparent to the skilled person that a lens made of other transparent
materials will be appropriate. Baffle 90 is provided to direct the light cast by the light
source, and avoid glare when viewing the light fixture 200 from the side. The lens 95
may be attached to central support piece 80 as shown in this embodiment, or
alternatively may be attached directly to the light source 30 or the mounting plate 40 as
appropriate. As baffle 95 is suspended from the support piece 80, baffle 95 can be
provided in any suitable material, such as silicone, plastic or other thermally insulating
materials, or may be provided in thermally conductive materials such as aluminium or

other metals without affecting the operation of the cooling circuit 100.

The light fixture 200 is suspended in a room space by way of suspending means 65,
which are attached to suspension cables 66. In this embodiment, two suspending means
65 are provided, connected to the heat pipes 10. Due to the lightweight nature of the fins
20 and support frame, the heat pipes 10 are sufficiently strong to support the weight of
the light fixture 200. Of course, the support means may alternatively connect to the fins

20 or the support frame.
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In this embodiment, the driving electronics (not shown) for the light source 30 are
external to the light fixture 200. Electrical current is provided by wires (not shown)
which may be attached to, or form part of, suspension cables 66. Alternatively the wires
may be separate from the suspension cables 66. The driving electronics may be
mounted on, or recessed into, the ceiling above the light fixture 200, or may be remote

from the light fixture entirely.

As the light fixture 200 is suspended within the room space, with the cooling circuit 100
exposed, air is free to flow between the fins. This enables efficient convection around
the fins 20, maximising the transfer of heat from the cooling circuit 100 to the air mass
of the space in which the light fixture 200 is suspended. Furthermore, convection is
aided by orienting the fins 20 vertically, so that air can rise through the fin array as it is
heated. The spacing between the fins 20 should be small enough to ensure that a
sufficient number of fins 20 can be disposed along the length of the heat pipes 10, but
not so small that the air-flow is encumbered and the dissipation of heat from each fin by
convection reduced. In other words, increased surface area from more densely pack fins
must be balanced against acceptable air resistance through the fin array. This air
resistance depends on the length of the convection path through the fins. Preferably, for
fins 20 of 4.5 cm height, a fin spacing of between 0.3 and 1.4 cm (i.e., a fin spacing to
fin height ratio between 1:13 and 1:3.2) provides sufficiently dense fin packing, but
does not introduce excessive resistance to convective air flow. More particularly, and as
shown in this embodiment, for fins 20 of height 4.5 cm, a spacing of 0.8 cm is

particularly advantageous, i.e., the fin spacing to fin height ratio is around 1:5.5.

While this particular embodiment has been directed towards down-light fixtures, it will
be apparent to one skilled in the art that other configurations are possible. For example,
the light fixture 200 may be inverted, with or without baffle 90, to act as an up-light
fixture. Also, while the light fixture 200 has been discussed in the context of interior

lighting, the light fixture 200 could equally well be installed in exterior spaces.
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Furthermore, while the present embodiment of the invention includes two arrays of fins
20, it will be apparent to one skilled in the art that other numbers of arrays may be used
and in other configurations, depending on the thermal requirements on the cooling
circuit 100 and the aesthetic considerations of the lighting fixture. For example the fin
arrays may be positioned in different relative positions and orientations to each other -
e.g. the fin arrays may be disposed on the same axis, as illustrated here, or the fin arrays
may be parallel to each other or perpendicular to each other. Fin arrays of different
relative positions may be combined in a light fixture depending on the cooling
requirements and aesthetic considerations of the fixture. For example, fin arrays
extending in either direction away from the light source on one longitudinal axis on
which the light source lies may be combined with fin arrays disposed between them,
parallel or perpendicular to the longitudinal axis so that the light source is surrounded

by a bezel comprised of fins.

Furthermore, the configuration of any given array of fins may be different to that shown
here, for example the fins 20 may be arranged perpendicular to a curved heat pipe 10

such that they are not parallel to each other, but instead form a swept curve.

The overall effect of the light fixture 200, and in particular cooling circuit 100, is that of

a very low junction temperature at the light source 30.

The effect of the arrangement of the heat pipes 10 local to the light source 30, is to
ensure that the thermal path between all LEDs in the LED array and the heat pipes is
minimised. Furthermore, as thermally conductive material is kept to a minimum local to
the light source 30, there is a minimum of thermal mass local to the light source 30. As
a result, the thermal resistance between the light source 30 and heat pipes 10 is
minimised, so as to optimise the transfer of heat away from the light source 30, via the
heat pipes 10, to the fins 20, where the heat is dissipated into the surrounding air by

convection.
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As a result, even with an LED array producing in excess of 70 W of heat, junction
temperatures as low as 45°C can be achieved. While LED arrays of this type can
tolerate junction temperatures of up to 85°C, the cooling circuit 100, as part of light
fixture 200, offers a dramatically better operating environment for the LED array. This
lower junction temperature greatly enhances operational lifetime of the LED array, and

also its output efficiency and long-term colour characteristics.

The preferred embodiment described above is by way of example; the scope of the
invention is defined in the appended claims, and modification to the example may be

made within the scope of the claims.
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CLAIMS

1. A lighting device comprising:
a light source;
a plurality of heat pipes thermally connected to the light source;
heat exchanging means thermally connected to the heat pipes; and
a structure formed of the heat pipes and heat exchanging means, which structure

supports the light source.

2. The lighting device of claim 1, wherein the lighting device is adapted such that
thermal mass is minimised local to the light source and that the thermal path between

the light source and the heat pipes is minimised.

3. The lighting device of claim 1 or claim 2, wherein the light source has a light
emitting side and a thermally conducting side which is in thermal communication with
the heat pipes; and the heat pipes are in substantial alignment with the areas of the
thermally conducting side which correspond with the light emitting areas of the light

emitting side.

4. The lighting device of claim 3, wherein the entirety of the areas of the thermally
conducting side which correspond with the light emitting areas of the light emitting side

are in alignment with the heat pipes.

5. The lighting device of claim 4, wherein the heat pipes form an array with each
heat pipe in direct thermal contact with the adjacent heat pipe to form an area which is

at least the same as the area encompassing the light emitting area of the light source.

6. The lighting device of any of the preceding claims, wherein the light source is

only in thermal communication with heat exchanging means by the heat pipes.
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7. The lighting device of any of the preceding claims, wherein the heat pipes are

adapted to provide a substantially planar mounting surface.

8. The lighting device of claim 7, wherein the heat pipes are bonded together and
the bonded heat pipes are adapted to provide a continuous, substantially planar,

mounting surface.

9. The lighting device of any of the preceding claims, wherein the heat pipes
support the light source.

10.  The lighting device of any of the preceding claims, wherein the light source is

located at one end of the heat pipes.

11.  The lighting device of any of the preceding claims, wherein the lighting device
further comprises a thermally conducting mounting plate which connects the light

source to the heat pipes.

12.  The lighting device of claim 11, wherein the heat exchanging means is formed

of a different material from that of the mounting plate.

13. The lighting device of any of the preceding claims, wherein the heat exchanging

means comprises a plurality of substantially planar fins.

14. The lighting device of claim 13, wherein each fin comprises an engagement

means, engageable with a corresponding engagement means on an adjacent fin.

15.  The lighting device of claim 14, wherein the engagement means is a tab which is

adapted to receive, and engage with, the tab of an adjacent fin.

16. The lighting device of claim 15, wherein the tab comprises an edge profile

engageable with a corresponding edge profile on the tab of the adjacent fin.
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17.  The lighting device of any of claims 14 to 16, wherein the engagement means is
disposed on at least one corner of each fin.
18.  The lighting device of any of claims 14 to 17, wherein the engagement means is

further adapted to connect to said structure.

19. The lighting device of any of claims 13 to 18, wherein the ratio of the spacing
between fins to the height of the fins is between 1:13 and 1:3.2.

20.  The lighting device of claim 19, wherein the ratio of the spacing between fins to
the height of the fins is around 1:5.5.

21. The lighting device of claim 19 or claim 20, wherein the height of the fins is

around 4.5 cm.

22.  The lighting device of any of the preceding claims, wherein the lighting device

further comprises a support frame.

23. The lighting device of claim 22, wherein the support frame, heat pipes and heat

exchanging means form a structural assembly.

24.  The lighting device of claim 22 or claim 23, wherein the lighting device further
comprises a lens to direct the light from the light source, and wherein the support frame

supports the lens.

25.  The lighting device of any of claims 22 to 24, wherein the lighting device further
comprises a baffle to direct the light from the light source, and wherein the support

frame supports the baffle.
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26.  The lighting device of any of claims 22 to 25, wherein the support frame
comprises elongate members which connect to edges or corners of the heat exchanging

means.

27.  The lighting device of claim 26, wherein the elongate members are adapted to

engage with corresponding means provided on the heat exchanging means.

28.  The lighting device of any of claims 26 to 27, wherein the support frame
comprises at least one cross-supporting member which is substantially perpendicular to

the elongate members.

29.  The lighting device of claim 28, wherein the at least one cross-supporting
member comprises means for connecting which are adapted to correspond to and

engage with the inward facing profile of the elongate members.

30.  The lighting device of claim 28 or claim 29, wherein one of the at least one cross
supporting member comprises a substantially planar portion which covers the part of the

at least one heat pipe which corresponds to the light source.

31.  The lighting device of any of the preceding claims, wherein at least some of the
heat pipes bend away from the axis along which they initially extend from the light
source and bend back towards the axis along which they initially extend, such that they
extend through the heat exchanging means parallel to each other and parallel to the axis

along which they initially extend.

32. The lighting device of any of the preceding claims, wherein the heat exchanging

means are formed of a different material from that of the heat pipes.

33.  The lighting device of any of the preceding claims, wherein the lighting device
is adapted to be suspended in a space, with the heat exchanging means exposed to the

air of the space in which the lighting device is suspended.
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34. The lighting device of claim 33, wherein the lighting device comprises
supporting means adapted to connect to cables from which the lighting device is
suspended, wherein the supporting means are attached to one of the heat pipes and the

heat exchanging means.

35.  The lighting device of any of the preceding claims, wherein the light source
comprises one of at least one LED, at least one LED array, at least one OLED, at least

one OLED array, at least one laser diode, and at least one laser diode array.

36. A lighting device substantially as hereinbefore described with reference to and

as shown in Figures 1 to 3.
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