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(54) LED RETROFIT LAMP

(57) According to the invention, a lighting device is
provided, comprising: a housing; a support structure ar-
rangedat least in partwithin at least part of thehousing; at
least one light emitting element arranged on the support
structure; at least one cooling element arranged on the
support structure; at least one air source configured to

generate an air flow, the at least one air source being
arrangedat the lighting device such that at least part of an
air flow generated by the at least one air source passes
along at least part of a surface of the at least one cooling
element.
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Description

FIELD OF THE INVENTION

[0001] The present disclosure relates to a lighting de-
vice such as e.g. a light source for an automotive head-
light.

BACKGROUND OF THE INVENTION

[0002] Lighting devices such as halogen lamps have
been used as light sources for automotive headlights for
many years. However, recent advances in light-emitting
diode, LED, technology have enabled developments of
lighting devices providing replacements for halogen
lamps. Such lighting devices replacing halogen lamps
may be referred to as LED retrofits.
[0003] While LED retrofits often allow for efficient halo-
gen lamp replacements, at least in certain situations,
heat usually produced by operating LEDs has to be
guided away fromoperating LEDs. To this end, heatsinks
may be used, i.e. components of the corresponding LED
retrofits that usually are in thermal contact with corre-
sponding LEDs and that are formed from a material with
sufficiently high thermal conductivity, to guide heat away
from the LEDs when operating. In addition, it is desirable
to provide LED retrofits of substantially similar dimension
as compared to typical halogen lamps.

SUMMARY OF THE INVENTION

[0004] In view of this, it is an object of the present
invention to provide a lighting device with an improved
solution for guidingheat away fromoperating LEDsof the
lighting device. It is a further object of the present inven-
tion, to enable a lighting device with improved heat guid-
ing capability having dimensions comparable to existing
halogen lamps.
[0005] According to a first aspect of the present inven-
tion, a lighting device is provided, comprising: a housing;
a support structure arranged at least in part within at least
part of the housing; at least one light emitting element
arranged on the support structure; at least one cooling
element arranged on the support structure; at least one
air source configured to generate an air flow, the at least
one air source being arranged at the lighting device such
that at least part of an air flow generated by the at least
one air source passes along at least part of a surface of
the at least one cooling element.
[0006] According to a second aspect of the present
invention, amethod ofmanufacturing a lighting device, in
particular of a lighting device according to the first aspect,
is provided, themethod comprising: providing a housing,
providing a support structure arranged at least in part
within at least part of the housing, providing at least one
light emitting element arranged on the support structure,
providing at least one air source configured to generate
an air flow, the at least one air source being arranged at

the lighting device such that at least part of an air flow
generated by the at least one air source passes along at
least part of a surface of the at least one cooling element.
[0007] According to a third aspect of the present in-
vention, an automotive headlight is provided, comprising
a lighting device according to the first aspect.
[0008] Exemplary embodiments of the first, second
and third aspect of the invention may have one or more
of the properties described below.
[0009] In an exemplary embodiment, the lighting de-
vice is a light source for an automotive headlight, e.g. a
retrofit lamp for automotive headlight applications. Thus,
as explained further herein, in an exemplary embodi-
ment, the at least one light emitting element is or com-
prises at least one light-emitting diode, LED. In addition,
in an exemplary embodiment, the lighting device is pro-
videdwith suitablemeans tobemounted toavehicle, e.g.
a car, a motorcycle or a truck. To this end, the lighting
device comprises in particular adapter means for mount-
ing the lighting device. In an exemplary embodiment, the
adapter means comprises an adapter ring of dimensions
according to corresponding regulations and standards,
e.g. according to UNECE RE5 and/or R37 and/or IEC
60061.The adapter means may be part of or be con-
nected to the housing of the lighting device. The housing
may be a component of the lighting device that may
provide in particular protection for one or more further
components of the lighting device. The support structure
being arranged at least in part within at least part of the
housing, in an exemplary embodiment, at least in
mounted condition of the lighting device, the housing
encloses at least part of the support structure. In addition
or alternatively, in an exemplary embodiment, at least in
mounted condition of the lighting device, the housing
encloses at least part of the at least one cooling element.
It is to be noted that in an exemplary embodiment, the
housing and the support structure are separate compo-
nents of the lighting device. In this way, advantageous
flexibility is provided in particular for attributing a main
heat guiding function to the support structure, enabling a
construction of the housing independently of this func-
tion, thereby enabling in particular fabrication of the
housing from a different material.
[0010] While in certain embodiments, the housingmay
be formed of a material corresponding to the material of
the support structure, e.g. from a metal, embodiments of
the present disclosure attribute a main heat guiding
function to the support structure, which may thus corre-
spond to a main heat sink of the lighting device. In this
way, it becomes possible to form at least part of the
housing from a different material, such as a plastic ma-
terial. Thus, in an exemplary embodiment, the housing
may thus comprise amaterial with a thermal conductivity
of less than 385 W/(m·K), in particular less than 205
W/(m·K), in particular less than 20 W/(m·K). In an ex-
emplary embodiment, the housing is formed at least in
part from a plastic material and/or from a glass material
and/or from a ceramic material and/or from polymethyl-
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methacrylate (PMMA), e.g. so-called "LED grade"
PMMA, and/or transparent silicones.
[0011] Asmentioned, amain heat guiding functionmay
be assigned to the support structure. Thus, in an exemp-
lary embodiment, the support structure of the lighting
device at least in part corresponds to or comprises a
heatsink. The support structuremay thus support cooling
of theat least one light emittingelement. Inotherwords, in
an exemplary embodiment, the support structure is con-
figured to guide heat generated by the at least one light
emitting element at least away from the at least one light
emitting element. In an exemplary embodiment, the sup-
port structure may be formed, at least in part, from a heat
conductive material, in particular from a metal. In an
exemplary embodiment, the support structure may thus
comprise at least one material selected from copper,
aluminum, and/or alloys of copper and/or aluminum.
Use of such material may be advantageous in that heat
is guidedaway from theat least one light emittingelement
in a particularly efficient manner. In an exemplary embo-
diment, the support structure may be formed by cold
forming, extrusion molding, by turning processes and/or
by milling processes. In an exemplary embodiment, the
support structure may be formed as aluminum die cast.
Extrusion molding is a process that allows forming the
support structure in a non-complex way nevertheless
allowing for sufficient production quality. At the same
time, further components such as cooling elements pro-
vided on the support structure may be formed in combi-
nation with the support structure in a single production
step.
[0012] As mentioned, the at least one light emitting
element is arranged on the support structure. Thus, in
an exemplary embodiment, the support structure com-
prises a mounting surface configured to support and/or
hold the at least one light emitting element. For example,
the support structure may in an exemplary embodiment,
comprise or correspond to, at least in part, an essentially
flat member, e.g. with an elongated, e.g. essentially
rectangular, shape, forming a mounting surface for sup-
porting theat least one light emittingelement. The lighting
device may comprise more than one light emitting ele-
mentandmore thanonecoolingelement,wherebyoneor
more light emitting elements and/or one or more cooling
elements may be provided on opposing sides of the
support structure, the opposing sides facing opposing
directions. Thus, in an exemplary embodiment, the sup-
port structure comprises two sides with at least one light
emitting element and/or at least one cooling element
being arranged on either one of the two sides of the
support structure. The support structure may thus com-
prise two mounting surfaces on opposing sides facing
opposing directions for mounting, wherein at least one
light emitting element and/or at least one cooling element
is provided on a respective one of the two mounting
surfaces.
[0013] The support structure may further provide elec-
trical connection to the at least one light emitting element

and/or to further electrical components provided on the
support structure as needed. Thus, in an exemplary
embodiment, the support structure at least comprises
one or more contact portions or regions for electrically
contacting the at least one light emitting element. For
example, in an exemplary embodiment, the support
structure at least in part corresponds to or comprises a
printed circuit board, PCB, and/or a printed wiring board,
PWB. As a result, in an exemplary embodiment, the at
least one light emitting element is electrically connected
to anelectrical power supply and/or electrically controlled
via the support structure, in particular via the PCB/ PWB,
and/or a leadframeand/or ametal piece. In an exemplary
embodiment, the at least one light emitting element may
comprise a SMD-LED ("surface-mounted-device"-LED)
and may, in an exemplary embodiment, be soldered to
the PCB/PWB. In an exemplary embodiment, an LED
driving circuit and/or fan driver electronics and/or a con-
stant current source is/are arranged on the support struc-
ture, e.g. on the PCB/PWB.
[0014] Inanexemplaryembodiment, thesupport struc-
ture corresponds to or comprises at least one metal
carrier. In an exemplary embodiment, the support struc-
ture comprises two metal carriers, being mutually elec-
trically isolated. In this case, electrical contacts of the at
least one light emitting element may respectively be
electrically connected to corresponding ones of the at
least two electrical carriers, in particular via ribbon-bond-
ing.
[0015] In an exemplary embodiment, the at least one
light emitting element is a light emitting diode (LED), for
example a light emitting diode configured for emitting
light in a color temperature range of 2500‑7500K, in
particular of 4000‑7000K, in particular of 5000‑6500K.
Such light emitting diodes are suitable light sources in
particular for automotive applications as they enable
emitting light of suitable color at advantageous bright-
ness. Thus, in an exemplary embodiment, the at least
one light emitting element is configured to emit light at a
luminous flux of 600‑2400 lumen (1m), in particular of
1350‑1650 lm. Luminous flux ranges suitable for exemp-
lary embodiments may be taken from UNECE RE5 or
R37 for respective examples of a halogen lamp the light-
ing device, in particular an LED lamp, shall replace.
[0016] In an exemplary embodiment, at least one of or
both of the at least one light emitting element and the at
least one cooling element are arranged in direct contact
with the support structure, in particular wherein at least
one of or both of the at least one light emitting element
and the at least one cooling element are connected to the
support structure via soldering and/or using an adhesive.
In other words, in an exemplary embodiment, the at least
one light emitting element and/or the at least one cooling
element is arranged on the support structure with no
further components of the lighting device being arranged
in between the at least one light emitting element/the at
least one cooling element and the support structure.Only
for exampleattachment components suchasglue, solder
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and/or parts of attachment means may be present in in
between the at least one light emitting element/the at
least one cooling element and the support structure.
Alternatively or in addition, in an exemplary embodiment,
the at least one light emitting element and/or the at least
one cooling element is soldered and/or riveted and/or
screwed to the support structure. Thus, the at least one
light emitting element and/or the at least one cooling
element is in direct thermal contact with the support
structure. Heat may thus be transferred from the at least
one light emitting element to the support structure and to
the at least one cooling element in an efficient and direct
manner.
[0017] Inanexemplaryembodiment, thesupport struc-
ture further comprises a printed circuit board (PCB),
wherein the at least one of or both of the at least one
light emitting element and the at least one cooling ele-
ment are arranged in direct contact with the PCB, in
particular wherein at least one of or both of the at least
one light emitting element and the at least one cooling
element are attached to the PCB via soldering and/or
using an adhesive.
[0018] In order to support a coolingeffect of the support
structure, the lighting device is provided with the at least
one air source, e.g. a fan, for generating an air flow in
particular along and/or in contact with at least part of a
surface of the at least one cooling element. To this end, in
an exemplary embodiment, the at least one air source
may e.g. be provided adjacent to the at least one cooling
element. Thus, in order to support a cooling effect of the
support structure, heat may be transferred from the sup-
port structure to the cooling element, which may then
transfer at least part of the heat on to the air flow. The air
flow may thus remove at least part of the heat generated
by the at least one light emitting element.
[0019] In an exemplary embodiment, the at least one
air source configured to generate an air flow is or com-
prisesa fan, for exampleanaxial fanwithanair flowbeing
generated and output in a direction essentially parallel to
the axis of rotation of the fan. Alternatively, such fan may
bea radial fanwith anair flowbeinggeneratedandoutput
in a direction essentially vertical to the axis of rotation of
the fan. In an exemplary embodiment, the at least one air
source may be arranged on the support structure and/or
the at least one air source may be electrically connected
to the electrical power supply via the support structure,
e.g. via thePCB/PWBandor via the at least twoelectrical
carriers. For example, a radial fan may be arranged on
the support structure with the plane of rotation being
essentially parallel to a surface of the support structure.
In an exemplary embodiment, the at least one air source
may be arranged on a component of the lighting device
other than the support structure, e.g. in an exemplary
embodiment, the at least one air source is supported by
the adapter means. In an exemplary embodiment, the
housing contains structures to guide the air flow to and
from the fan. In an exemplary embodiment, the at least
one air source is attached to the housing. In other words,

in an exemplary embodiment, the housing is configured
to hold or support the at least one air source.
[0020] In an exemplary embodiment, the at least one
air source is arranged such that an air flow generated by
theat least oneair sourcehasageneral direction towards
the at least one cooling element and/or towards the at
least one light emitting element. While it is thus possible
that the air flow is generated in a direction towards the at
least one light emitting element, in an exemplary embo-
diment, the at least one air source is arranged on the
support structure adjacent to the at least one cooling
element, wherein a main direction of an air flow gener-
ated by the at least one air source is essentially perpen-
dicular to adirection from theat least onecooling element
(e.g. from an arrangement of one or more cooling ele-
ments) to theat least one light emittingelement (e.g. toan
arrangement of one or more light emitting elements).
[0021] The at least one cooling element is provided on
the support structure and thus enhances an overall sur-
face of the support structure which serves for guiding
away heat from the at least one light emitting element.
Theat least onecooling element thusenhancesa cooling
effect andaneffect of the support structure functioningas
heat sink of the lighting device. Heat generated by the at
least one light emitting element in operation may thus be
transferred to the support structure and thus to the at
least one cooling element. This heat may then be trans-
ferred from the at least one cooling element (and addi-
tionally from the support structure) to at least part of the
air flow generated by the at least one air source. Thus,
increasing a surface provided for cooling the at least one
light emitting element by providing the at least one cool-
ing element enablesmore heat to be transferred from the
at least one cooling element to the air flow.
[0022] In an exemplary embodiment, the at least one
cooling element may be formed, at least in part, from a
heat conductivematerial, in particular from ametal. In an
exemplary embodiment, the at least one cooling element
may thus comprise at least one material selected from
copper, aluminum, and/or alloys of copper and/or alumi-
num. Use of such material may be advantageous in that
heat is transferred from the support structure to the at
least one cooling element in a particularly efficient man-
ner. Use of suchmaterialmay further be advantageous in
that heat is transferred from the at least one cooling
element to the part of the air flow that passes along at
least part of a surface of the at least one cooling element
in a particularly efficient manner. In an exemplary embo-
diment, the at least one cooling element may be formed,
at least in part, from extruded rods, in particular compris-
ing suitable alloys of aluminum. In an exemplary embodi-
ment, the at least one cooling element may be formed, at
least in part, from bent or stamped sheet metal, in parti-
cular comprising aluminum and/or copper.
[0023] In an exemplary embodiment, the at least one
air source is arranged essentially adjacent to the at least
one cooling element. In other words, in an exemplary
embodiment, the at least one air source is arranged next
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to the at least one cooling element with no further com-
ponent of the lighting device being arranged in between
the at least one air source and the at least one cooling
element. Thereby, in an exemplary embodiment, a dis-
tance between the at least one air source and the at least
one cooling element is smaller than 10 mm, in particular
smaller than 5 mm, in particular smaller than 3 mm, in
particular smaller than 2 mm. The at least one cooling
element being arranged essentially adjacent to the at
least one air source, an air flow generated by the at least
one air source passes essentially immediately along at
least part of the surface of the at least one cooling ele-
ment such that a comparably large fraction of air gener-
ated by the at least one air source is directed along at
least part of the surface of the at least one cooling ele-
ment which enables an efficient cooling of the support
structure via the at least one cooling element.
[0024] In anexemplary embodiment, the housing com-
prises at least one opening arranged at the housing such
that in operation of the at least one air source, an air flow
generated by the at least one air source is fed with air via
the at least one opening. In an exemplary embodiment,
the housing comprises an arrangement of openings, e.g.
holesor slits. Thus, theair sourcemaybearranged inside
the housing while maintaining sufficient air supply for the
generation of an air flow.
[0025] In an exemplary embodiment, the at least one
light emitting element and the at least one cooling ele-
ment are arranged on a same surface, e.g. the mounting
surface, of the support structure. Thus, the at least one
light emitting element and the at least one cooling ele-
ment being on a same surface, a direct flow of heat from
the at least one light emitting element to the at least one
cooling element via the support structure is enabled,
which is not disturbed by further elements of the lighting
device. A particularly efficient heat transfer may thus be
provided.
[0026] In an exemplary embodiment, the at least one
cooling element is arranged essentially adjacent to the at
least one light emitting element. In other words, in an
exemplary embodiment, the at least one cooling element
is arranged next to the at least one light emitting element
with no further component of the lighting device being
arranged in between theat least one cooling element and
the at least one light emitting element. Thereby, in an
exemplary embodiment, a distance between the at least
one cooling element and the at least one light emitting
element is smaller than 10mm, in particular smaller than
5 mm, in particular smaller than 3 mm, in particular
smaller than 2 mm. The at least one cooling element
being arranged essentially adjacent to the at least one
light emitting element, heat generated by the at least one
light emitting element can be transferred to the at least
one cooling element via the support structure in an espe-
cially efficient manner.
[0027] In an exemplary embodiment, the at least one
cooling element is formed as an integral component with
the support structure. Thereby, heat can be transferred

efficiently from the support structure to the at least one
cooling element. In an exemplary embodiment, the at
least one cooling element is formed by extrusionmolding
in a single production step with the support structure.
[0028] In anexemplaryembodiment, at least part of the
housing is tapered in at least one dimension towards the
at least one light emitting element. In other words, in an
exemplary embodiment, at least a section of the housing
comprisesacross-sectiondecreasing in size towards the
at least one light emitting element. Thereby, the housing
may in an exemplary embodiment comprise a tubular
section having an essentially circular, an essentially el-
liptical, an essentially rectangular or an irregular cross-
section. The housing may thus reduce the space in
between the support structure and the housing and
may thus act in a nozzle-like way not only guiding but
also intensifying an air flow onto the support structure, in
particular within an area of the support structure support-
ing the at least one light emitting element thus facilitating
an improved cooling effect in particular in this area.
[0029] In anexemplaryembodiment, at least part of the
housing at least partly surrounds at least part of the at
least one cooling element. In other words, at least part of
the housing at least partly encloses or encapsulates at
least part of the at least one cooling element. Thus, the
housing confines at least part of an air flow generated by
the at least one air source onto the at least one cooling
element increasing the cooling effect of the air flow.
[0030] In an exemplary embodiment, the housing is at
least in part formed from a material transparent for at
least part of light emitted from the at least one light
emitting element, e.g. a glass material or a transparent
plasticmaterial. The housingmay for example be formed
at least in part as an at least partly transparent tube.
[0031] In an exemplary embodiment, the cooling ele-
ment comprises at least one cooling extension that ex-
tends from the support structure and/or from a base
member provided on the support structure. For example,
the cooling extension comprises or corresponds to a
cooling fin comprising an essentially rectangular or trian-
gular cooling surface being arranged essentially parallel
to a main direction of the air flow. In an exemplary
embodiment, the at least one cooling extension com-
prises or corresponds to a cooling pin, e.g. of essentially
round or rectangular shape comprising a height of the
cooling pin at least three times larger, in particular at least
five times larger, in particular at least ten times larger than
a width and length of the cooling pin. In an exemplary
embodiment, the base member and the at least one
cooling extension are formed as an integral component.
For example, thebasemembermay connect and support
two or more cooling extensions. Thus, heat can be
transferred from the base member to the cooling exten-
sions efficiently and physical stability of the cooling ele-
ment may be improved.
[0032] In an exemplary embodiment, the at least one
cooling element further comprises at least two cooling
extensions, wherein the at least two cooling extensions
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are arranged on the support structure such that at least
part of the air flowgeneratedby theat least oneair source
passes through the at least two cooling extensions. In
other words, in an exemplary embodiment, the at least
one cooling element further comprises at least two cool-
ing extensions mutually separated by a cooling gap.
Alternatively or in addition, in an exemplary embodiment,
at least two cooling extensions are separated by a slit
extending within the cooling base. Thus, the at least two
cooling extensions further enhance a cooling surface of
the at least one cooling element, thereby improving the
transfer of heat from theat least two cooling extensions to
the air flow.
[0033] In an exemplary embodiment, the at least one
cooling extension comprises an essentially flat shape. In
other words, in an exemplary embodiment, the at least
one cooling extension corresponds to an essentially flat
member, e.g. the flat member comprising a length and/or
a height at least three times larger, in particular at least
five times larger, in particular at least ten times larger than
a width of the essentially flat member.
[0034] In an exemplary embodiment, a main plane of
the cooling extension is arranged essentially perpendi-
cular or essentially parallel to a main direction of exten-
sion of the support structure (corresponding to a direction
along a largest extension of the support structure). In an
exemplary embodiment, the main plane of the cooling
extension corresponds to a main surface of the essen-
tially flat member, spanned by its height and its length. In
an exemplary embodiment, the main direction of exten-
sion of the support structure corresponds to a direction
along the largest extension of the support structure.
[0035] In an exemplary embodiment, at least two cool-
ing extensions are arranged on the support structure
and/or on the base member such that main planes of
the at least two cooling extensions are essentially mu-
tually parallel. Thereby, being essentially mutually par-
allel is to be understood such that an angle formed by the
at least two cooling extensions is smaller than 10°, in
particular smaller than 5°, in particular smaller than 2°.
[0036] In an exemplary embodiment, a main plane of
the at least one cooling extension is arranged essentially
perpendicular to the main direction of extension of the
support structure and the at least one cooling extension
has an essentially rectangular shape. The at least one
cooling extension may in this example form an arrange-
ment of two or more cooling extensions with essentially
rectangular shape.With the rectangular shape, a cooling
surfaceprovidedby the cooling extensions ismaximized,
whereby thearrangement canbeprovidedon thesupport
structure with sufficient distance from the at least one
light emitting element in order not to obstruct light emitted
therefrom.
[0037] In an exemplary embodiment, a main plane of
the at least one cooling extension is arranged essentially
parallel to the main direction of extension of the support
structure and the at least one cooling extension is at least
in part inclined along the main direction of extension of

the support structure. In this example, the at least one
cooling extension may be provided with its inclination
such that its height decreases along themain direction of
the support structure towards the at least one light emit-
ting element. In thisway, theoverall cooling surfaceof the
support structure may be enhanced by the at least one
coolingelement,whileanobstructionof light emitted from
the at least one light emitting element is prevented.
Thereby, for example, an inclination with respect to the
support structure may be smaller than 50°, in particular
smaller than 40°, in particular smaller than 30°.
[0038] In an exemplary embodiment, respective cool-
ing elements comprising respective cooling extensions
are provided on opposing sides of the at least one light
emitting element, the respective cooling extensions
being inclined in a direction away from a portion of the
support structure supporting theat least one light emitting
element. Thus, at least one cooling element may be
provided on the support structure on either side of the
at least one light emitting element, such that an air flow
generatedby theat least oneair source that haspasseda
cooling element on one side of the at least one light
emitting element and the at least one light emitting ele-
ment, may still also pass the at least one light emitting
element on the other side of the at least one light emitting
element. Such configuration of at least two cooling ele-
ments further enhances a cooling surface of the support
structure and may further enable use of the air flow in an
improved manner. Thereby, the respective cooling ex-
tensions are inclined in a direction away from a portion of
the support structure supporting the at least one light
emitting element. In other words, a respective cooling
extension has a smaller height at a side of the respective
cooling element facing said portion of the support struc-
ture supporting the at least one light emitting element
then a height at a side of the respective cooling element
facing away from said portion of the support structure
supporting the at least one light emitting element. In this
way, obstruction of light emitted from the at least one light
emitting element is advantageously prevented.
[0039] In an exemplary embodiment, at least two of the
at least one cooling extension have different heights with
respect to the support structure. In an exemplary embo-
diment, the height of the at least one cooling extension
corresponds to a height of the at least one cooling ex-
tension in a direction essentially perpendicular to a main
plane of the support structure. By adapting heights of two
or more cooling extensions e.g. in a case in which amain
plane of corresponding cooling extensions is arranged
essentially perpendicular to the main direction of exten-
sionof thesupport structure, it becomespossible toadapt
the respective heights to a light emission of the at least
one light emitting element, in order to reduce obstruction
of light emitted from the at least one light emitting ele-
ment. More generally, irrespectively of an orientation of
the cooling extensions, providing cooling extensions of
an arrangement of cooling extensions at edges of the
arrangement smaller may facilitate a mounting, e.g. sol-
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dering, of cooling extensions inside of the arrangement.
[0040] Thus, in an exemplary embodiment, the lighting
device comprises an arrangement of at least three cool-
ing extensions, wherein the arrangement comprises two
outermost cooling extensions at opposing sides of the
arrangement, wherein a height of at least one of the two
outermost cooling extensions is a smallest height among
heights of the at least three cooling extensions. Thus, an
especially easy fabrication of the arrangement is possi-
ble.
[0041] In anexemplary embodiment, heights of at least
two of the at least one cooling extension continuously
vary from one side of the arrangement towards the op-
posing sideof thearrangement, firstly increasing towards
a maximum height before decreasing to a smallest
height. For example, in case of only three cooling exten-
sions, a central cooling extensionmay be providedwith a
largest height, while the two neighboring cooling exten-
sionsmaybeprovidedwitha - for example same -smaller
height.
[0042] In an exemplary embodiment, the method of
manufacturing a lighting device further comprises provid-
ing the at least one light emitting element and the at least
one cooling element onto the support structure in a single
manufacturing step, in particular via soldering. In an
exemplary embodiment, at least one light emitting ele-
ment, the at least one cooling element and at least one
further component of the lighting device, e.g. fan driver
electronics, are provided onto the support structure in a
singlemanufacturing step. In anexemplary embodiment,
the at least one light emitting element and the at least one
cooling element are provided onto the support structure
via a surface-mount technology (SMT) process.
[0043] The features and example embodiments of the
invention described above may equally pertain to the
different aspects according to the present invention. In
particular, with the disclosure of features relating to the
lighting device according to the first aspect, also corre-
sponding features relating to the automotive headlight
according to the second aspect are disclosed.
[0044] It is to be understood that the presentation of
embodiments of the invention in this section is merely
exemplary and non-limiting.
[0045] Other features of the present invention will be-
come apparent from the following detailed description
considered in conjunction with the accompanying draw-
ings. It is to be understood, however, that the drawings
are designed solely for purposes of illustration and not as
a definition of the limits of the invention, for which refer-
ence should be made to the appended claims. It should
be further understood that the drawings are not drawn to
scale and are merely intended to conceptually illustrate
the structures and procedures described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] Examples of the inventionwill nowbedescribed
in detail with reference to the accompanying drawings, in

which:

Fig. 1 exemplarily illustrates a lighting device
according to an embodiment of the inven-
tion;

Fig. 2 illustrates a view of the lighting device of
Fig. 1 without the housing;

Fig. 3 exemplarily illustrates a view without the
housing of a lighting device according to
an embodiment of the invention;

Figs. 4 a-d illustrate cross-sectional side-views of
lighting devices according to embodi-
ments of the invention;

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0047] It is noted that throughout the figures, like re-
ference numerals indicate corresponding or equal com-
ponents.
[0048] Fig. 1 showsanexampleof a lightingdevice100
according to an exemplary embodiment of the invention.
The lighting device 100 is an LED retrofit which contains
an adapter means 160 to connect the LED retrofit to an
automotive headlight unit. The adapter means 160 com-
prises an adapter ring 162 and two power pins 164a and
164b for electrical connection (only pin 164abeing visible
in Fig. 1). The support structure 110 supports a top-
contact LED 120a, which is an example of a light emitting
element. A further LED 120a is provided on the opposing
side of the support structure 110which is not visible in the
figure. The LED 120a is electrically connected through
ribbon-bonding connections 122a, 122b to respective
sides (carriers) 110a, 110b of the support structure 110
for electrically connecting LED 120a. A cooling element
150b with eight cooling fins 154 (cooling extensions) is
arranged on each of sides 1 10a, 110b of the support
structure, the cooling fins being arranged such that a
main plane of the cooling fins (cooling extensions) is
arranged essentially parallel to a main direction of ex-
tension of the support structure 110 (corresponding to a
direction along a largest extension of the support struc-
ture 110). An air source 133 and further cooling elements
150a are shown in Fig. 2, whereby in the shown example
the air source is a radial fan 133 as described further
herein. As shown in Fig. 1, a housing 140 is provided
surrounding part of support structure 110 and the cooling
elements 150a, the housing 140 being tapered towards
the LED 120a. The housing 140 comprises ventilation
slits 146 (an arrangement of slits) to ensure sufficient air
supply for radial fan 133 enclosed by housing 140.
[0049] While not shown in the figures, in an exemplary
embodiment, the lighting device 100 further comprises
driver electronics configured to operate electronic com-
ponents of the lighting device, e.g. the at least one air
source and/or the at least one light emitting element 120
and/or further electronic components depending on a
particular application. Such driver electronics may be
arranged on the support structure 110 and/or (e.g. in
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case that driver electronics comprise sub-components)
on a separate PCB.
[0050] Fig. 2 shows an exploded view of the lighting
device 100 of Fig. 1. As can be taken from this figure, an
air flow that can be generated by radial fan 133 exits a
housing of radial fan 133 at its side directly adjacent to
cooling element 150a to pass through cooling fins 154 of
cooling element 150a over LED120a and further through
cooling fins 154 of cooling element 150b such that a
cooling effect of the air flow on the support structure
110, which acts not only as a support for the LED 120a
but also as a heat sink for the lighting device, is further
enhanced by cooling elements 150a and 150b. As visible
in Fig. 2, respective radial fans (air sources) 133 are
provided on either side of the support structure 110.
[0051] As shown in Fig. 2, the cooling fins 154 have
respective inclined edges (inclined section 156) being
inclined away from the LED (a respective height de-
creases towards the LED). In this way, cooling fins 154
can enhance a cooling effect of the support structure
while at the same time, an obstruction of light emitted
from LED 120a is prevented.
[0052] In the shown example, housing 140 has two
mutually opposing parts respectively surrounding or en-
closing at least part of the support structure 110 and the
cooling fins 150a, the housing 140 being arranged to
guide at least part of the air flow generated by the at least
one air source (radial fan 133) in between the support
structure 110 and the housing 140. In the tapered section
144 of housing 140, an inner surface of housing 140
follows the inclination of inclined section 156. In the
shown example, the support structure 110 is formed from
a heat conductive material such as a metal, in particular
aluminumor copper to facilitate a heat flowaway from the
LED 120a. The advantageous cooling effect provided by
support structure 110 with cooling elements 150a, 150b
allows for housing 140 to be fabricated from a material
that does not need to be heat conductive, e.g. from a
plasticmaterial, and thus allows for a simplified construc-
tion of the lighting device.
[0053] Fig. 3 shows another example of a lighting
device 100 according to another exemplary embodiment
of the invention. In this example, the support structure
110 isametal coreprintedcircuit board (MCPCB),where-
by two LEDs 120b are soldered onto and electrically
connected to the MCPCB. Two further LEDs 120b are
provided on the opposing side of the support structure
110 which are not visible in the figure. A cooling element
150a with seven cooling fins 154 (cooling extensions) is
arranged on both sides of the support structure 110. As
shown in Fig. 3, the cooling fins 154 extend from the
support structurebeing formedas integral componentsof
the support structure. An axial fan 135 (air source) is
mounted to the side of the support structure 110 next
(adjacent) to the cooling element 150a. An air flow gen-
erated by the axial fan 135 thus passes through the
cooling extensions without being obstructed by any
further components of the lighting device that otherwise

may be placed in between axial fan 135 and cooling
element 150a. It is noted that while Fig. 3 does not show
a housing, a housing as shown in Figs. 1 or 2, suitably
adapted, may be provided.
[0054] Figs. 4a-d show cross-sectional views of further
examplesof a lighting device100according to exemplary
embodiments of the invention. As mentioned, like refer-
ence numerals indicate the same components.
[0055] Figs. 4a and 4b may correspond to cross-sec-
tional views of the examples shown in Figs. 1 and 2,
whereby in the shown example the radial fans 133 are
replaced by axial fan 135. The cooling elements 150a,
150b comprise cooling fins (cooling extensions) 154
which are connected to the support structure 110. As in
the example of Fig. 1, eight cooling fins 154 may be
provided on either side of the LED 120, only one respec-
tive one of which is visible in the figure. The axial fan 135
(air source) ismountednext to the cooling elements 150a
with an airflow 170 guided by the cooling extensions 154
towards the LED 120. After passing the cooling elements
150a and the LED 120 the air flow further passes light
emitting elements 120 and cooling elements 150b to
enable a further cooling of the support structure.
[0056] Fig. 4b shows thearrangement of Fig. 4a further
being provided with a transparent tube (housing) 142.
The transparent tube 142 can be a member with an
essentially circular cross-section being provided sur-
rounding the support structure 110 and the cooling ele-
ments 150a, 150b. The transparent tube 142 can be
provided with further cross-sections such as elliptical
or rectangular cross-sections. By thus encasing the sup-
port structure 110, the LEDs 120 and cooling elements
150a, 150b, the transparent tube 142 confines an air flow
generated by fan 135 and indicated by arrows 170 to
these components and thus prevents loss of air for cool-
ing. In other words, transparent tube 142 further en-
hances the cooling effect by preventing the air flow 170
from diverging beyond the surface of tube 142.
[0057] Figs. 4c and 4d show respective further embo-
diments of lighting device 100. While in Figs. 4a and 4b,
cooling fins 154a and 154b are arranged with a main
plane of the cooling fins being arranged essentially par-
allel to a main direction of extension of the support
structure 110, in Figs. 4c and 4d, the cooling fins 154a
and 154b are arranged on the support structure 110 such
that a main plane of the cooling fins (cooling extensions)
is arranged essentially perpendicular to a main direction
of extension of the support structure 110. Such arrange-
ment of the cooling fins thus corresponds to an arrange-
ment of cooling fins as also illustrated in Fig. 3. Likewise,
as in the example of Fig. 3, also in the examples of Figs.
4c and 4d, an axial fan 135 is mounted at the side of the
support structure 110 (schematically indicated by circle
135) next to the cooling elements 150a. Thus, as op-
posed to the examples of Figs. 1, 2, 4a and 4b, an air flow
generated by the axial fan 135 in the examples of Figs. 4c
and 4d guided along the cooling fins 154a, 154b is not
primarily guided towards the LED 120. As can be taken
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from Fig. 4c, the cooling fins 154a may vary in size to
adapt to the geometry of the fan 135 and/or to the
generated air flow. This enables an efficient use of the
air flow by maximizing the surface of the cooling ele-
ments. At the same time, a height of cooling fins at
respective edges of an arrangement of cooling fins
154a shown in Fig. 4c is minimized which allows for a
simpler placement of cooling fins at a center of the
arrangement upon fabrication or assembly of the lighting
device.
[0058] The example of Fig. 4d essentially corresponds
to the example of Fig. 4c. In Fig. 4d, an exemplary
embodiment of the lighting device 100 is shown where
the cooling fins 154b as shown in Fig. 4d are essentially
equally high. In this example, theheight of the cooling fins
154b is compromised to allow for both a satisfactory
cooling effect while at the same time allowing for a simple
fabrication of the fins. In this example, further an exces-
sive height of cooling fins is avoided which contributes to
stability of the overall arrangement of cooling fins 154b.

LIST OF REFERENCE SIGNS:

Lighting device 100
Support structure 110
Electrical contact side 110a, 110b
Light emitting element 120a, 120b
LED top connection 122a, 122b
Radial fan 133
Axial fan 135
Housing 140
Transparent tube 142
Tapered section 144
Ventilation slit 146
Cooling element 150a, 150b
Cooling extension 154, 154a, 154b
Adapter means 160
Adapter ring 162
Power pins 164a, 164b
Air flow 170

Claims

1. A lighting device (100) comprising:

a housing (140);
asupport structure (110)arrangedat least inpart
within at least part of the housing (140);
at least one light emitting element (120) ar-
ranged on the support structure (110);
at least one cooling element (150) arranged on
the support structure (110);
at least one air source configured to generate an
air flow, the at least one air source being ar-
ranged at the lighting device (100) such that at

least part of an air flow generated by the at least
one air source passes along at least part of a
surfaceof theat least onecoolingelement (150).

2. The lighting device according to claim 1, wherein at
least one of or both of the at least one light emitting
element (120) and the at least one cooling element
(150) are arranged in direct contact with the support
structure (110), in particularwherein at least oneof or
both of the at least one light emitting element (120)
and the at least one cooling element (150) are at-
tached to the support structure via soldering and/or
using an adhesive.

3. The lighting device according to any of claims 1 and
2, wherein the support structure further comprises a
printed circuit board, wherein the at least one of or
both of the at least one light emitting element (120)
and the at least one cooling element (150) are ar-
ranged in direct contactwith the printed circuit board,
in particular wherein at least one of or both of the at
least one light emitting element (120) and the at least
onecooling element (150) areattached to theprinted
circuit board via soldering and/or using an adhesive.

4. The lighting device according to any of claims 1 to 3,
wherein the at least one cooling element (150) com-
prises at least one cooling extension (154) that ex-
tends from the support structure (110) and/or from a
base member provided on the support structure
(110).

5. The lighting device according to any of claims 1 to 4,
wherein the at least one cooling element (150)
further comprises at least two cooling extensions
(154), wherein the at least two cooling extensions
(154) are arranged on the support structure (110)
such that at least part of the air flow generated by the
at least one air source passes through the at least
two cooling extensions (154).

6. The lighting device according to any of claims 4 and
5, wherein the at least one cooling extension (154)
comprises an essentially flat shape.

7. The lighting device according to any of claims 4 to 6,
wherein at least two cooling extensions (154) are
arrangedon the support structure (110) and/or on the
base member such that main planes of the at least
twocoolingextensions (154)areessentiallymutually
parallel.

8. The lighting device according to any of claims 4 to 7,
wherein a main plane of the at least one cooling
extension (154) is arranged essentially perpendicu-
lar to the main direction of extension of the support
structure (110) and wherein the at least one cooling
extension (154) has an essentially rectangular
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shape.

9. The lighting device according to any of claims 4 to 7,
wherein a main plane of the at least one cooling
extension (154) is arranged essentially parallel to
the main direction of extension of the support struc-
ture (110) and wherein the at least one cooling ex-
tension (154) is at least in part inclined along the
main direction of extension of the support structure
(110).

10. The lighting device according to claim 9, wherein
respective cooling elements (150) comprising re-
spective cooling extensions (154) are provided on
opposing sides of the at least one light emitting
element (120), the respective cooling extensions
(154)being inclined inadirectionaway fromaportion
of the support structure (110) supporting the at least
one light emitting element (120).

11. The lightingdeviceaccording toanyof claims4 to10,
wherein at least two of the at least one cooling
extension (154) have different heights with respect
to the support structure (110).

12. The lighting device according to anyof claims4 to 11,
comprising an arrangement of at least three cooling
extensions (154), wherein the arrangement com-
prises two outermost cooling extensions (154) at
opposing sides of the arrangement, wherein a height
of at least one of the two outermost cooling exten-
sions (154) is a smallest height among heights of the
at least three cooling extensions (154).

13. Amethod ofmanufacturing a lighting device (100), in
particular according to any of claims 1 to 12, the
method comprising:

- providing a housing (140);
- providing a support structure (110) arranged at
least in part within at least part of the housing
(140);
- providing at least one light emitting element
(120) arranged on the support structure (110);
- providing at least one air source configured to
generate an air flow, the at least one air source
being arranged at the lighting device (100) such
that at least part of anair flowgeneratedby theat
least one air source passes along at least part of
a surface of the at least one cooling element
(150).

14. Themethod of manufacturing a lighting device (100)
according to claim 13, the method further compris-
ing:

- providing the at least one light emitting element
(120) and the at least one cooling element (150)

onto the support structure (110) in a single man-
ufacturing step, in particular via soldering.

15. Automotive headlight comprising the lighting device
according to any of claims 1 to 12.5
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