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(57) ABSTRACT

A heat dissipation structure (2) for a lighting device (1),
comprising: atleast two separate heat sinks (20, 10) for a light
source (3) and a driver (7) for the light source (1), respec-
tively, each heat sink (20, 10) comprising fins (21, 22, 11) and
awall arrangement (15, 25), wherein said at least two separate
heat sinks (20, 10) are disposed along an axial direction of the
lighting device (1), wherein the fins (21,22, 11) of said at least
two separate heat sinks (20, 10) are enclosed by the wall
arrangements (15, 25) to form a chimney structure (30)
arranged along said axial direction of the lighting device (1),
and wherein the chimney structure (30) comprises at least two
sub-chimney structures (31, 32) arranged fluidly in parallel to
provide two air flows simultaneously, which reduces heat
concatenation.
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HEAT DISSIPATION STRUCTURE WITH
SPLITTED CHIMNEY STRUCTURE

FIELD OF THE INVENTION

[0001] The present invention generally relates to the field of
heat dissipation structures for lighting devices. In particular,
the present invention relates to such heat dissipation struc-
tures comprising chimney structures for dissipating heat from
lighting devices by means of convection.

BACKGROUND OF THE INVENTION

[0002] Traditional incandescent lamps are currently being
replaced by more energy efficient solid state based alterna-
tives, such as light emitting diode (LED) based lighting
devices. LEDs, as well as electronics for driving the LEDs,
generate heat during operation of the lighting device. How-
ever, high temperatures shorten the lifetime of the LEDs. In
design of LED-based lighting devices, the thermal issue is
considered to be a bottleneck that restricts optical output and
lifetime of the lighting device. Some lighting devices com-
prise a structure able to generate a chimney effect within the
lighting device in order to enhance heat dissipation from the
LEDs. The chimney effect is utilized to create an air flow in
the lighting device for cooling the LEDs by means of convec-
tion. An example of such a lighting device is shown in
US2008/0285271.

SUMMARY OF THE INVENTION

[0003] It is an object of at least some embodiments of the
present invention to provide an improved heat dissipation
structure for a lighting device (or lamp). In particular, it is an
object to provide a heat dissipation structure for enhancing
convection cooling of the lighting device.

[0004] According to an aspect of the invention, these and
other objects are achieved by means of a heat dissipation
structure as defined in the independent claim. Preferable
embodiments of the present invention are defined in the
dependent claims.

[0005] A heat dissipation structure for a lighting device is
provided. The heat dissipation structure comprises at least
two separate heat sinks for a light source and a driver for the
light source, respectively. Each heat sink comprises fins and a
wall arrangement. The at least two separate heat sinks are
disposed along an axial direction of the lighting device. The
fins of the at least two separate heat sinks are enclosed by the
wall arrangements to form a chimney structure arranged
along (such as substantially parallel with) the axial direction
of the lighting device. Further, the chimney structure com-
prises at least two sub-chimney structures arranged fluidly in
parallel.

[0006] In conventional LED-based lighting devices, the
light source and the driver have a common heat sink, whereby
heat generated by the LED:s is transferred to the driver via the
heat sink, which may have a negative impact on the lifetime of
the driver since the driver is sensitive to high temperatures.
The present invention uses the concept of having separate
heat sinks for the light source and the driver, whereby transfer
of'heat from the light source to the driver is reduced, which is
advantageous in that it increases the lifetime of the driver.
[0007] Further, separate heat sinks for (or dedicated to) the
light source and the driver facilitates individual optimization
in the design of each heat sink. For example, the thermal
performance of the heat sink for the light source and the heat
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sink for the driver, respectively, may be separately optimized
in order to obtain longer lifetimes for the light source and the
driver, respectively. Accordingly, a more flexible design of
the lighting device is allowed.

[0008] Moreover, the fins of the two separate heat sinks are
enclosed by wall arrangements to form a chimney structure,
i.e. a structure (or at least one channel) in which an air flow is
accelerated for providing cooling of the lighting device by
means of convection. In the present specification, a chimney
structure means a structure (or at least one channel) in which
a chimney effect can be obtained. Each one of the sub-chim-
ney structures may be divided by the fins into a plurality of
channels (arranged fluidly in parallel) together making up the
sub-chimney structure.

[0009] Further, the at least two sub-chimney structures are
comprised in the chimney structure and arranged fluidly in
parallel with each other in order to reduce heat concatenation.
Hence, the sub-chimney structures provide (accelerate) two
air flows in parallel within the chimney structure, whereby
cool air flows through the two sub-chimney structures simul-
taneously. For example, the at least two sub-chimney struc-
tures may be arranged in parallel within the chimney struc-
ture. The two sub-chimney structures provide enhanced
convection cooling of the lighting device, whereby the ther-
mal performance of the lighting device is improved.

[0010] Conventional LED-based lighting devices usually
comprise a heat sink with an outer fin structure having fins
protruding from the lighting device, typically at the backside
of'the lamp (i.e. the side of the lighting device adapted to face
a lamp fixture). Such an outer fin structure may make it more
difficult to retrofit the lighting device in a conventional halo-
gen lamp fixture. The enhanced convection cooling provided
by the heat dissipation structure (or heat dissipating arrange-
ment) according to the present invention reduces the need for
such an outer fin structure. In the present aspect of the inven-
tion, the fins of the heat sinks are enclosed by the wall
arrangements, whereby the backside of the lighting device
may have a smoother structure for facilitating retrofitting of
the lighting device into a conventional halogen lamp fixture.
Further, the heat dissipation structure according to the present
aspect of the invention is advantageous in that enhanced
convection cooling is obtained, thereby enabling the realiza-
tion of compact lighting devices having a limited possible
cooling area.

[0011] Further, improved thermal performance of the light-
ing device results in a reduced total weight of the lighting
device, as the size of the heat sink structures may be reduced.
[0012] According to an embodiment of the present inven-
tion, the heat dissipation structure may further comprise a
heat spreader plate adapted to be arranged between the light
source and the heat sink for the light source, whereby dissi-
pation of heat from the light source to the heat sink for the
light source is enhanced. Thus, the heat spreader plate may be
adapted to conduct heat from the light source to the heat sink
for the light source. The light source may be arranged at the
heat spreader plate, which in turn may be attached to (or
mounted on) the heat sink for the light source. With the
present embodiment, the thermal path (or heat conduction)
between the light source and the heat sink for the light source
is improved. The heat spreader plate may preferably comprise
a material with relatively high thermal conductivity, such as
graphite and/or copper, and/or a vapour chamber for further
improving heat dissipation from the light source to the heat
sink for the light source.
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[0013] According to an embodiment of the present inven-
tion, an outer wall of the wall arrangement of the heat sink for
the driver may form a partition wall between the two sub-
chimney structures. Hence, the outer wall of the heat sink for
the driver divides the chimney structure into the two sub-
chimney structures. By the term “outer wall” it is meant a wall
arranged in the outer part (or circumference) of the wall
arrangement and not just a wall surface facing outwards from
the lighting device.

[0014] According to an embodiment of the present inven-
tion, an outer wall of the wall arrangement of the heat sink for
the driver and an outer wall of the wall arrangement of the
heat sink for the light source together define one of the sub-
chimney structures. For example, the outer circumference of
the heat sink for the light source may be larger than the outer
circumference of the heat sink for the driver, wherein the heat
sink for the light source may be arranged to (partially) sur-
round the heat sink for the driver. Hence, the heat sinks may
be arranged such that they partially overlap each other in an
axial direction. With the present embodiment, an air flow
accelerated in the sub-chimney structure is guided between
the outer wall of the wall arrangement of the heat sink for the
driver and the outer wall of the wall arrangement of the heat
sink for the light source.

[0015] According to an embodiment of the present inven-
tion, the sub-chimney structure defined between the outer
wall of the wall arrangement of the heat sink for the driver and
the outer wall of the wall arrangement of the heat sink for the
light source may be disposed outside of the other sub-chim-
ney structure relative to the center of the heat dissipation
structure.

[0016] According to an embodiment of the present inven-
tion, the wall arrangement of the heat sink for the driver may
define at least a portion of one of the sub-chimney structures.
For example, one of the sub-chimney structures may be
defined between an inner wall and an outer wall of the wall
arrangement of the heat sink for the driver. The present
embodiment is advantageous in that an air flow generated in
the sub-chimney structure passes through the heat sink for the
driver, thereby cooling the driver by means of convection. By
the term “inner wall” it is meant a wall arranged in the inner
region of the wall arrangement and not just a wall surface
facing inwards from the lighting device.

[0017] In an embodiment, the sub-chimney structure
defined at least partly by the wall arrangement of the heat sink
for the driver may be disposed on the inside of the other
sub-chimney structure relative to the center of the heat dissi-
pation structure.

[0018] According to an embodiment of the present inven-
tion, the wall arrangement of the heat sink for the driver may
have at least one aperture forming an outlet for one of the
sub-chimney structures. Hence, the air flow induced in the
sub-chimney structure may exit the lighting device via the
aperture. The at least one aperture may e.g. be disposed in the
outer wall of the heat sink for the driver.

[0019] According to an embodiment of the present inven-
tion, the wall arrangement of the heat sink for the light source
may have at least one aperture forming an inlet for the chim-
ney structure. The air flow induced in the chimney structure
may enter the lighting device via the aperture in the heat sink
for the light source. The at least one aperture in the heat sink
for the light source may e.g. be defined between an outer wall
and an inner wall of the heat sink for the light source. The two
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sub-chimney structures may have a common inlet via the
aperture in the heat sink for the light source.

[0020] According to an embodiment of the present inven-
tion, the wall arrangement of the heat sink for the driver may
have at least one aperture through which at least one of the fins
of'the heat sink for the light source may extend from one of the
sub-chimney structures into the other one of the sub-chimney
structures (such as from the outer one to the inner one of the
sub-chimney structures). In the present embodiment, the fin
extending between the sub-chimney structures may be cooled
by the air flows induced in both sub-chimney structures,
which improves heat dissipation from the light source. Pref-
erably, the at least one fin of the heat sink structure may
extend through the aperture of the heat sink for the driver
without being in physical contact with the heat sink for the
driver, whereby transfer of heat between the heat sinks via
physical contact is reduced, which is advantageous in that
heat transfer from the light source to the driver is reduced.
[0021] According to an embodiment of the present inven-
tion, the heat sink structure for the light source and the heat
sink structure for the driver may be thermally isolated from
each other, thereby reducing heat transfer from the light
source to the driver. By the term “thermally isolated” it is
meant that heat conductive portions of one of the heat sinks
(such as portions of the heat sink comprising metal or any
other material with relatively high thermal conductivity) are
not in direct physical contact with heat conductive portions of
the other one of the heat sinks. The heat sinks may at some
point be physically connected to each other, but the physical
connection may preferably be provided via a material with
low thermal conductivity, such as plastics or ceramics.
[0022] According to an embodiment of the present inven-
tion, the wall arrangement of the heat sink for the light source
may surround the wall arrangement of the heat sink for the
driver. Hence, the wall arrangement of the heat sink for the
light source may be arranged outside the wall arrangement of
the heat sink for the driver, relative to the center of the heat
dissipation structure.

[0023] According to an embodiment, the two sub-chimney
structures may be for the two heat sinks, respectively. Hence,
one of the sub-chimney structures may be arranged to dissi-
pate heat from heat sinks for the driver, and the other one of
the sub-chimney structures may be arranged to dissipate heat
from heat sinks for the light source.

[0024] According to an embodiment of the present inven-
tion, a lighting device is provided. The lighting device com-
prises a heat dissipation structure as defined in any one of the
preceding embodiments.

[0025] It is noted that the invention relates to all possible
combinations of features recited in the claims. Further objec-
tives of, features of, and advantages with, the present inven-
tion 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] 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.
[0027] FIG. 1 is a perspective view of a lighting device
according to an embodiment of the present invention.
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[0028] FIG. 2 is an exploded view of the lighting device
shown in FIG. 1.

[0029] FIG. 3 is a cross-sectional view of the lighting
device shown in FIG. 1.

[0030] FIG. 4is a bottom view of the lighting device shown
in FIG. 1.
[0031] FIG. 5 illustrates an air flow induced in a chimney

structure of the lighting device shown in FIG. 1.

[0032] 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

[0033] With reference to FIGS. 1 to 4, a lighting device 1
comprising a heat dissipation structure 2 according to an
embodiment of the present invention will be described.
[0034] The lighting device 1 comprises at least one light
source 3 and electronics 7 for driving the light source 3 (in the
following referred to as the driver 7), as shown in FIG. 2. The
driver 7 may be encapsulated in potting (or pottant) for pro-
tection against moisture and shocks, and supported in a hous-
ing (or holder) 8. The light source 3 may be a solid state based
light source, such as a light emitting diode (LED). Optionally,
a lens 4 or an optical cover may be arranged to enclose the
light source 3 in the lighting device 1.

[0035] The heat dissipation structure 2 of the lighting
device 1 is configured to dissipate heat from the lighting
device 1. The heat dissipating structure 2 comprises a heat
sink 10 for dissipating heat from the driver 7 (in the following
referred to as the driver heat sink) and a heat sink 20 for
dissipating heat from the light source 3 (in the following
referred to as the light source heat sink). The driver heat sink
10 and the light source heat sink 20 are separately arranged
along a (common) axial direction 100 of the lighting device 1.
The axial direction 100 may correspond to an optical axis of
the lighting device 1. Hence, the optical axis of the lighting
device 100 may coincide with an axial direction of the light
source heat sink 20 as well as an axial direction of the driver
heat sink. The driver heat sink 10 may be adapted to be fitted
in a lamp fitting and forms the back of the lighting device 1
(i.e. the portion or side of the lighting device 1 facing the lamp
fitting and away from the region to be illuminated by the
lighting device 1). The light source heat sink 20 forms the
front of the lighting device 1 and faces the region to be
illuminated by the lighting device 1. For example, the light
source heat sink 20 may extend (or stick out) in front of the
lighting device 1.

[0036] Preferably, the heat sinks 10, 20 may be thermally
isolated from each other, or at least only thermally connected
at a few points with a relatively small physical contact area
between the heat sinks 10, 20 for reducing transfer of heat
between the heat sinks 10, 20. For example, the heat sinks 10,
20 may be interconnected via connections 6. The heat sinks
10, 20 are preferably made of a material with a relatively high
thermal conductivity, such as metal.

[0037] The driver heat sink 10 comprises fins 11 at least
partially enclosed by a wall arrangement 15 (or wall struc-
ture). For example, the fins 11 and the wall arrangement 15
may together define the driver heat sink 10. The fins 11 may
preferably extend in a radial direction of the lighting device 1
(i.e. transverse to the axial direction 100 of the lighting device
1) between the walls of the wall arrangement 15. The wall
arrangement 15 of the driver heat sink 10 comprises an outer
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wall 19 arranged on the outside of the fins 11 (relative to a
center of the heat dissipating structure 2) and an inner wall 18
arranged on the inside of the fins 11 (relative to a center of the
heat dissipating structure 2), as shown in FIG. 3. Hence, the
outer wall 19 and the inner wall 18 together enclose (or
surround) the fins 11. The outer wall 19 of the driver heat sink
10 may preferably have a smooth outer surface in order to
facilitate retrofitting the lighting device 1 in conventional
halogen lamp fittings. Further, one or more apertures (or
holes) 16 are defined in the outer wall 19 of the driver heat
sink 10. The apertures 16 may preferably extend circumfer-
entially in the outer wall 19 (i.e. transverse to the axial direc-
tion 100 of the lighting device 1). The outer wall 19 of the
driver heat sink 10 further comprises one or more apertures
17, preferably extending along the axial direction 100 of the
lighting device 1. Preferably, the apertures 17 may be
arranged as slits in an edge of the outer wall 19 facing the light
source heat sink 20.

[0038] The light source heat sink 20 also comprises fins 21,
22 at least partially enclosed by a wall arrangement 25 (or
wall structure). For example, the fins 21, 22 and the wall
arrangement 25 may together define the light source heat sink
20. The fins 21, 22 may preferably extend in a radial direction
of'the lighting device 1 between the walls of the wall arrange-
ment 25. The wall arrangement 25 of the light source heat sink
20 comprises an outer wall 29 arranged on the outside of the
fins 21, 22 and an inner wall 28 arranged on the inside of the
fins 21, 22, relative to a center of the heat dissipating structure
2, as shown in FIG. 3. Hence, the outer wall 29 and the inner
wall 28 together enclose (or surround) the fins 21, 22. Pref-
erably, one or more of the fins 22 may extend through the
apertures 17 at the edge of the outer wall 19 of the driver heat
sink 20 without coming into physical contact with the outer
wall 19 of the driver heat sink 10. Hence, the fins 22 of the
light source heat sink 20 may extend into the driver heat sink
20. For example, the fins 22 extending through the apertures
17 may be alternately arranged with the fins 21 of the light
source heat sink 20 not extending through the apertures 17.

[0039] The light source 3 is arranged on a heat spreader
plate 5 mounted to the inner circumference of the inner wall
28 of the light source heat sink 20. The heat spreader plate 5
may preferably comprise a material with relatively high ther-
mal conductivity, such as graphite and/or copper, and/or a
vapour chamber. Thus, the heat spreader plate 5 thermally
connects the light source 3 with the light source heat sink 20,
whereby heat generated by the light source 3 during operation
is dissipated via the heat spreader plate 5 to the light source
heat sink 20. The light source heat sink 20 may be physically
connected to the driver heat sink 10 via the heat spreader plate
5, at which the connections 6 may be arranged.

[0040] The circumference of the driver heat sink 10 is
smaller than the circumference of the light source heat sink
20, which allows the two heat sinks 10, 20 to be arranged to
partially overlap each other in the axial direction 100. For
example, the wall arrangement 25 of'the light source heat sink
20 may be ring-shaped and the driver heat sink 10 may be
dome-shaped so as to fit within the inner circumference ofthe
ring-shaped wall structure 25 ofthe light source heat sink 20.
The heat sinks 10, 20 are arranged such that the wall arrange-
ments 15, 25 and the fins 11, 21, 22 define a chimney (chan-
nel) structure 30 in the heat dissipation structure 2. The chim-
ney structure 30 has a portion divided into two sub-chimney
(or sub-channel) structures 31, 32, which portion also may be
referred to as a splitted chimney structure. One of the sub-
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chimney structures 31 is defined between the outer wall 29 of
the light source heat sink 20 and the outer wall 19 of the driver
heat sink 10, which sub-chimney structure 31 may be referred
to as the outer sub-chimney structure (relative to the center of
the heat dissipating structure 2). The other one of the sub-
chimney structures 32 is defined between the outer wall 19
and the inner wall 18 of the driver heat sink 10, which sub-
chimney structure 31 may be referred to as the inner sub-
chimney structure (relative to the center of the heat dissipat-
ing structure 2). Hence, the outer wall 19 of the driver heat
sink 10 forms a partition wall between the two sub-chimney
structures 31, 32. An inlet of the chimney structure 30 is
defined in an aperture 26 between the inner and outer walls
28, 29 ofthe light source heat sink 20. Further, the aperture 16
in the outer wall 19 of the driver heat sink 10 forms an outlet
of the inner sub-chimney structure 32. The outlet of the outer
sub-chimney structure 31 is defined in an aperture between
the outer wall 29 of the light source heat sink 20 and the outer
wall 19 of the driver heat sink 10.

[0041] With reference to FIG. 5, the function of the heat
dissipation structure 2 will be described.

[0042] When the lighting device 1 is operated, heat is gen-
erated by the light source 3 and dissipated via the heat dissi-
pation plate 5 to the light source heat sink 20. Heat is also
generated by the driver 7 and dissipated (e.g. via the potting
and the housing) to the driver heat sink 10. Thus, the heat
sinks 10, 20 become warm by the heat from the driver 7 and
the light source 3, respectively, which in turn warms up the air
inside the chimney structure 30. The temperature difference
between air inside the chimney structure 30 and the ambient
air outside the chimney structure 30 induces an air flow
through the chimney structure 30, as indicated by arrows 40.
The air flow enters the chimney structure 30 at the inlet
aperture 26 in the wall arrangement of the light source heat
sink 20 and is then divided by the outer wall 19 of the driver
heat sink 10 into two parallel air flows in the two sub-chimney
structures 31, 32. Hence, the sub-chimney structures 31, 32
are arranged fluidly in parallel with each other. Finally, the air
flow in the inner sub-chimney structure 32 exits the heat
dissipation structure via the outlet aperture 16 in the outer
wall 19 of the driver heat sink 10 and the air flow in the outer
sub-chimney structure 32 exits the heat dissipation structure
via the outlet aperture defined between the outer wall 19 of the
driver heat sink 10 and the outer wall 29 of the light source
heat sink 20.

[0043] The air flow in the chimney structure 30 cools the
driver heat sink 10 and the light source heat sink 20 mainly by
means of convection. The air flow in the inner sub-chimney
structure 32 cools the driver heat sink 10, as it flows through
the wall arrangement and between the fins of the driver heat
sink 10. Further, the air flow in the outer sub-chimney struc-
ture primarily cools the light source heat sink 20, as it flows
through the wall arrangement and between the fins of the light
source heat sink 20, but it also cools the driver heat sink 10, as
it flows along the outer wall 19 of the driver heat sink 10. As
the sub-chimney structures 31, 32 accelerate two air flows in
parallel within the chimney structure 30, cool fresh air flows
through the two sub-chimney structures simultaneously.

[0044] With the present embodiment, temperature at a mid
portion of the heat spreader plate 5 may be around 76° C.,
which is lower than the temperature at the corresponding
location in a prior art lighting device, which may be around
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81° C. Hence, the heat dissipation obtained by the present
embodiment is improved compared to prior art heat dissipa-
tion structures.

[0045] Inthe following, further embodiments ofthe present
invention will be described.

[0046] The present embodiment discloses that the separate
heat sink structure applied on a kind of directional LED lamp
can allow flexible heat sink design of the driver and LED in
the lamp. Meanwhile the two heat sinks form two chimneys in
parallel, which can gain optimum air convection efficiency.
Furthermore, a kind of high thermal conductivity material
application can decrease the spreading thermal resistance
from the centre to the circumference of the heat sink signifi-
cantly. All the considerations can benefit greatly to the ther-
mal management. Accordingly, it is significantly helpful to
lifetime, cost down and weight down.

[0047] LED lamps have been regarded as the future of light
sources and have been spreading worldwide in the recent
years, and will be even more and more popular in the future to
replace traditional lamps for the feature of high efficacy and
potential long lifetime. The thermal issue is considered to be
bottleneck that restricts optical output and lifetime. This
embodiment is for a kind of compact led lamps. To avoid the
installation interference with luminaire, the backside of the
lamp is kept in check line as traditional lamp, while the front
side sticks out to compensate the cooling area. Based on such
mechanical structure, apply a novel chimney cooling struc-
ture not only can decrease thermal resistant from the whole
lamp to the ambient, but also make convection channel flex-
ible and adjustable in aims to allocate air flow reasonably.
Such heat dissipation solution can improve thermal perfor-
mance significantly, which also improves optical output,
safety and lifetime of LED lamps and finally benefit the
development of LED lamp.

[0048] There are five issues of limitation for conventional
directional reflector LED lamp which are shown as below:

[0049] For most LED retrofit lamp, the backside is used
for heat sink design to compensate the cooling area. But
it is easy to interfere with some luminaires so that cause
installation issue.

[0050] For conventional directional reflector LED lamp,
an integrated heat sink for heat dissipation design is
used. That means driver part and LED part share one
heat sink, the heat power from LED can easily transfer to
driver part by heat sink, so the heat dissipation condition
of driver is impacted by LED part adversely, hereby the
thermal performance of driver part become worse. Con-
sequently, the lifetime of lamp is restricted.

[0051] For most conventional LED lamps with passive
cooling, heat sink is outer fin structure which has worse
radiation effect and less potential for convection optimi-
zation. Such disadvantages are more apparent in com-
pact LED lamps due to the very limited size require-
ment.

[0052] For conventional LED lamp with single vertical
fin structure, it is easy to cause heat concatenation effect
which can deteriorate the heat dissipation efficiency of
top components. So such structure lacks feasibility on
heat dissipation.

[0053] In conventional thermal design with dot heat
source, the dot heat source located on the PCB directly
touches the heat sink base. Such design can generate
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large spreading thermal resistance from dot heat source
to the heat sink outside, which will decrease the heat sink
efficiency tremendously.
[0054] Due to the disadvantages of conventional LED
lamps, the present embodiment uses the concept of a double
splitted chimney structure, which can improve thermal per-
formance significantly and also make heat dissipation path
more flexible. See the structure as below:

[0055] In the present embodiment, the back side is kept
in check line as a halogen lamp, which can avoid the
interference with luminaire, while the front side of the
lamp sticks out in order to compensate the cooling area,
besides that, such protruding part can play a chimney
effect as well which benefit the heat dissipation.

[0056] In the separate heat sink structure, there are two
heat sinks for LED and driver respectively, which is
more flexible and controllable for heat dissipation of
LED and driver. For example, the thermal performance
of driver is improved without obvious impact to LED
during the design phase, and vice versa. Base on such
concept, the thermal performance for LED and driver,
respectively, may be optimized so that improved perfor-
mance and lifetime are obtained. This allows a flexible
design of the lamp.

[0057] In the present embodiment, the fins are enclosed
by wall structure to generate the chimney structure,
which can accelerate the air flow speed such that the
convection is enhanced. Such structure benefits the heat
dissipation especially for the compact lamp that lacks
cooling area.

[0058] Based on the splitted structure, two chimney
structures are formed. The two chimneys are in parallel
in order to avoid heat concatenation. In this design, the
fresh cool air can go through the chimney of driver and
L2 (light source) at the same time so that cooling effi-
ciency is enhanced.

[0059] Furthermore, a heat spreader plate can be added
between the point heat source (LED) and the heat sink
base in order to decrease the spreading thermal resis-
tance from the centre to the circumference of the heat
sink. Such plate is made of high thermal conductivity
material, such as graphite, copper or vapour chamber.

[0060] With the above considerations on design, a double
splitted chimney structure can provide lower thermal resis-
tance, improve cooling efficacy and reduce weight.

[0061] Generally speaking, some performance improve-
ment can be gained as below:

[0062] Fit to more luminaires
[0063] Thermal resistance can be lower than 2 K/'W
[0064] Lamp volume can be e.g. 10% smaller

[0065] In the present design, the final target is to improve

thermal performance for the whole system, in which the
chimney structure plays an important role. A design step may
be to determine the (optimal) chimney parameters, e.g. the
chimney height and the diameter of each chimney element.

[0066] Based on the outline restrictions of the lamp sys-
tem, the chimney height is usually a constant. The chim-
ney diameter (D) and chimney surface temperature
(T,;,%) can be assumed as constants firstly.

[0067] Secondly, the average temperature of air flow in
the chimney (AT,,,) can be obtained and accordingly
the buoyancy and the pressure losses of the chimney can
be derived. So far, the real working point of air flow
through the chimney structure can be derived.
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[0068] Thirdly, the heat removed by the chimney effect
can be derived. Meanwhile, the heat removed by con-
vection and radiation can be calculated.

[0069] Finally, thermal resistance of the lamp system can
be obtained through what was derived above. The best
thermal performance means the lowest system thermal
resistance. So the optimal (or at least an improved)
chimney diameter can be derived theoretically.

[0070] During the chimney structure design, it is assumed
that the whole heat sink keeps uniform temperature in order to
simplify the system design. But actually there could be ther-
mal conductivity resistance in the heat sink, especially the
spreading resistance from dot heat source to the convection
boundary with ambient.

[0071] In this design, a kind of high thermal conductivity
material may be applied between the dot heat source and the
heat sink bottom to decrease the heat spreading resistance.

ITEMIZED LIST OF EMBODIMENTS

[0072] 1. A heat dissipation structure for a lighting device,
which heat dissipation structure comprising:

[0073] atleasttwo separate heat sinks for a light source and
a driver for the light source, respectively;

[0074] wherein the at least two separate heat sinks are dis-
posed along an axial direction of the lighting device, and
[0075] fins of the at least two separate heat sinks are
enclosed by wall structures to form a chimney structure which
is substantially parallel to the axial direction of the lighting
device, so as to accelerate air flow there through; and wherein,
[0076] at least two sub-chimney structures are provided in
parallel within the chimney structure, for the at least two
separate heat sinks respectively, so as to minimize heat con-
catenation between the at least two separate heat sinks.
[0077] 2. Theheatdissipation structure according to item 1,
further comprising a heat spreader plate provided between the
light source and the heat sink for the light source.

[0078] 3. A lighting device comprising the heat dissipation
structure according to any one of items 1-2.

[0079] While embodiments of the invention have been
illustrated and described in detail in the drawings and fore-
going description, such illustration and description are to be
considered illustrative or exemplary and not restrictive; the
invention is not limited to the disclosed embodiments.
[0080] Variations to the disclosed embodiments can be
understood and effected by those skilled in the art in practic-
ing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word
“comprising” does not exclude other elements or steps, and
the indefinite article “a” or “an” does not exclude a plurality.
The mere fact that certain measures are recited in mutually
different dependent claims does not indicate that a combina-
tion of these measured cannot be used to advantage. Any
reference signs in the claims should not be construed as
limiting the scope.

1. A heat dissipation structure for a lighting device, which
heat dissipation structure comprises:
at least two separate heat sinks for a light source and a
driver for the light source, respectively, each heat sink
comprising fins and a wall arrangement,

wherein said at least two separate heat sinks are disposed
along an axial direction of the lighting device,
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wherein the fins of said at least two separate heat sinks are
enclosed by the wall arrangements to form a chimney
structure arranged along said axial direction of the light-
ing device, and
wherein the chimney structure comprises at least two sub-
chimney structures arranged fluidly in parallel.

wherein an outer wall of the wall arrangement of the heat
sink forthe driver forms a partition wall between the two
sub-chimney structures.

2. The heat dissipation structure as defined in claim 1,
further comprising a heat spreader plate adapted to be
arranged between the light source and the heat sink for the
light source.

3. The heat dissipation structure as defined in claim 2,
wherein the heat spreader plate is adapted to conduct heat
from the light source to the heat sink for the light source.

4. (canceled)

5. The heat dissipation structure as defined in claim 3,
wherein an outer wall of the wall arrangement of the heat sink
for the driver and an outer wall of the wall arrangement of the
heat sink for the light source together define one of the sub-
chimney structures.

6. The heat dissipation structure as defined in claim 5,
wherein the sub-chimney structure defined between the outer
wall of the wall arrangement of the heat sink for the driver and
the outer wall of the wall arrangement of the heat sink for the
light source is disposed outside of the other sub-chimney
structure relative to the center of the heat dissipation struc-
ture.

7. The heat dissipation structure as defined in claim 6,
wherein the wall arrangement of the heat sink for the driver
defines at least a portion of one of the sub-chimney structures.
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8. The heat dissipation structure as defined in claim 7,
wherein the sub-chimney structure defined at least partly by
the wall arrangement of the heat sink for the driver is disposed
on the inside of the other sub-chimney structure relative to the
center of the heat dissipation structure.

9. The heat dissipation structure as defined in claim 1,
wherein the wall arrangement of the heat sink for the driver
has at least one aperture forming an outlet for one of the
sub-chimney structures.

10. The heat dissipation structure as defined in claim 1,
wherein the wall arrangement of the heat sink for the light
source has at least one aperture forming an inlet for the
chimney structure.

11. The heat dissipation structure as defined in claim 1,
wherein the wall arrangement of the heat sink for the driver
has at least one aperture through which at least one of the fins
of the heat sink for the light source extends from one of the
sub-chimney structures into the other one of the sub-chimney
structures.

12. The heat dissipation structure as defined in claim 1,
wherein the heat sink structure for the light source and the
heat sink structure for the driver are thermally isolated from
each other.

13. The heat dissipation structure as defined in claim 12,
wherein the wall arrangement of the heat sink for the light
source surrounds the wall arrangement of the heat sink for the
driver.

14. The heat dissipation structure as defined in claim 1,
wherein the two sub-chimney structures are for the two heat
sinks, respectively.

15. A lighting device comprising a heat dissipation struc-
ture as defined in claim 1.

#* #* #* #* #*



