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(54) LED RETROFIT LAMP

(57) According to the invention, a lighting device is
provided, comprising: a support structure (110) compris-
ing at least two at least partly electrically conductive heat
sinkparts (112) andat least oneelectrically isolating layer
(114) separating the at least two electrically conductive
heat sink parts (112),

at least one light emitting element (120) arranged on one
of the at least two electrically conductive heat sink parts
(112), wherein the at least one light emitting element
(120) is electrically connected to electrical contact por-
tions () of the at least two electrically conductive heat sink
parts (112).
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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
in combination with rather expensive metal core printed
circuit boards may be used, i.e. components of the cor-
responding LED retrofits that usually are in thermal con-
tact with corresponding 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 sub-
stantially similar dimension as compared to typical halo-
gen 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 in a cost-effective manner.
[0005] According to a first aspect of the present inven-
tion, a lighting device is provided, comprising: a support
structurecomprisingat least twoat leastpartly electrically
conductive heat sink parts and at least one electrically
isolating layer separating the at least two electrically
conductive heat sink parts, at least one light emitting
element arranged on one of the at least two electrically
conductive heat sink parts, wherein the at least one light
emitting element is electrically connected to electrical
contact portions of the at least two electrically conductive
heat sink parts.
[0006] According to a second aspect of the present
invention, an automotive headlight is provided, compris-
ing a lighting device according to the first aspect.
[0007] Exemplary embodiments of the first and second
aspect of the invention may have one or more of the
properties described below.
[0008] 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. Preferably,
the lighting device comprises at least two light emitting
elements. In addition, in an exemplary embodiment, the
lighting device is provided with suitable means to be
mounted to a vehicle, e.g. a car, a motorcycle or a truck.
To this end, the lighting device comprises in particular
adapter means for mounting the lighting device.
[0009] Inanexemplaryembodiment, thesupport struc-
ture of the lighting device comprises at least two at least
partly electrically conductive heat sink parts. It is in parti-
cular preferred that the support structure comprises ex-
actly two heat sink parts. The heat sink parts are config-
ured to guide the heat generated by the at least one light
emitting element away from the at least one light emitting
element and to additionally electrically connect the at
least one light emitting element. In an exemplary embo-
diment, the support structure, in particular the heat sink
parts may be formed, at least in part, from a heat con-
ductive material, in particular from a metal. Use of such
material may be advantageous in that heat is guided
away from the at least one light emitting element in a
particularly efficient manner and electrical connection of
theat least one light emittingelement is similarly enabled.
[0010] Inanexemplaryembodiment, thesupport struc-
ture comprising the at least two at least partly electrically
conductive heat sink parts may be formed by extrusion
molding. Extrusionmolding is a process that allows form-
ing the support structure in a non-complex way never-
theless allowing for sufficient production quality. At the
same time, further components suchas coolingelements
provided on the support structure may be formed inte-
grally in combination with the heat sink parts in a single
production step. Preferably, the support structure does
not additionally comprise a printed circuit board or PCB,
in particular no metal PCB.
[0011] In an exemplary embodiment, the at least one
electrically isolating layer is configured to electrically
separate the conductive parts of one of the heat sink
parts from the conductive parts of one other of the heat
sink parts. This enables a support structure which may
inherently provide the necessary electrical connections
to connect at least one light emitting element and addi-
tionally provide beneficial cooling abilities. In particular,
via the at least one electrically isolation layer shorts may
be prevented reliably.
[0012] 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
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one light emitting element is configured to emit light at a
luminous flux of 600 ‑1200 lumen (lm), in particular of 620
- 1100 lm.
[0013] In an exemplary embodiment, the at least one
light emitting element is a top contact light emitting ele-
ment. This allows for electrically contacting the at least
one light emitting element from a top surface which in
particular enablesabeneficial electrical connectionof the
at least one light emitting element as well as beneficial
heat dissipation properties.
[0014] As mentioned, the at least one light emitting
element is arranged at least on one of the at least two
heat sink parts. Thus, in an exemplary embodiment, the
heat sink part comprises amounting section or mounting
surface configured to support and/or hold the at least one
light emitting element. For example, the heat sink part
may in an exemplary embodiment, comprise or corre-
spond to, at least in part, an essentially flat member, e.g.
with an elongated, e.g. essentially rectangular, shape,
formingamountingsurface for supporting theat least one
light emitting element. The lighting device may comprise
more than one light emitting element and more than one
heat sink part, whereby one or more light emitting ele-
ments and/or one or more, in particular two heat sink
parts may be provided on opposing sides of the support
structure, the opposing sides facing opposing directions.
Thus, inanexemplaryembodiment, thesupport structure
comprises two sides with at least one light emitting ele-
ment being arranged on either one of the two sides of the
support structure, wherein the two sides of the support
structure are provided by at least two heat sink parts
respectively. The support structure may thus comprise
two mounting surfaces on opposing sides facing oppos-
ing directions for mounting, wherein a light emitting ele-
ment is provided on both sides of the two mounting
surfaces.
[0015] The support structure, in particular the at least
two electrically conductive heat sink parts, may provide
an electrical 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 exemp-
lary embodiment, the at least two heat sink parts at least
comprise one or more electrical contact portions or re-
gions for electrically contacting the at least one light
emitting element. Preferably, the isolation layer is not
arranged on the electrical contact portions of the at least
two heat sink parts.
[0016] In an exemplary embodiment, the at least one
light emitting element is arranged, preferably directly
arranged, on one of the at least two electrically conduc-
tive heat sink parts bymeans of an adhesive, in particular
by means of an electrically non-conductive adhesive. By
arranging the at least one light emitting element on one of
theat least twoheat sinkparts viaanadhesive, preferably
via glue, a connection method is provided which com-
prises good heat dissipation properties even at high
temperatures. Thus, the at least one light emitting ele-
ment preferably is in direct thermal contact with the heat

sink part and/or the adhesive and heat is transferred from
the at least one light emitting element to the heat sink part
of the support structure in an efficient and reliable man-
ner. For example, the used adhesives may provide suffi-
cient reliabilities in temperature ranges above 125 °C.
Hence, a lighting device may be provided which can be
run at higher temperature ranges with a sufficiently high
reliability. Preferably, the at least one light emitting ele-
ment is directly connected to the respective conductive
heat sink part via the adhesive. In particular, no solder or
the like is arranged between the at least one light emitting
element and the heat sink part on which the light emitting
element is arranged.
[0017] In an exemplary embodiment, the at least one
light emitting element is electrically connected to the
electrical contact portions of the at least two electrically
conductive heat sink parts via bonding means. In parti-
cular, electrical contact regions of the at least one light
emitting element are respectively electrically connected
to the corresponding electrical contact portions of the at
least two electrically conductive heat sink parts. This
allows for connecting an electrical contact region com-
prising a negative terminal of the at least one light emit-
ting element with one of the at least two electrically
conductive heat sink parts and an electrical contact re-
gion comprising a positive terminal of the at least on light
emitting element with the other of the at least two elec-
trically conductive heat sink parts in a favorable design
manner. It is in particular preferred that the at least one
light emitting element comprises the electrical contact
portions with the negative terminal and the positive term-
inal on its top side, e.g. the side facing away from the side
which is arranged on one of the at least two electrically
conductive heat sink parts. Preferably, the light emitting
element therefore is a top contact light emitting element.
Hereby, a sufficient transfer of heatmaybe realized to the
electrically conductive heat sink part and in parallel a
constructively advantageous electrical connection of the
at least on light emitting element is enabled.
[0018] In an exemplary embodiment, the bonding
means preferably are formed as wire bonding means,
ribbon bonding means and/or wedge bonding means.
Hereby, a electrical connection of the at least one light
emitting element may be ensured in a constructively
advantageous manner. Preferably, at least two boding
means are supplied for each light emitting element in
order to connect the negative and the positive terminal of
the light emitting element to the respective heat sink
parts.
[0019] In an exemplary embodiment, each of two elec-
trical contact regions of the at least one light emitting
element are electrically connected to a different one of
the at least two electrically conductive heat sink parts via
the bonding means. Hereby, the supporting structure, in
particular the heat sink parts, may be used for electrically
connecting the at least one light emitting element. This
enables a connection method of the at least one light
emitting element which also inherently comprises bene-
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ficial cooling abilities.
[0020] In anexemplary embodiment, at least oneof the
electrically conductive heat sink parts comprises a cutout
area for connecting the at least one light emitting element
being arranged on the at least one electrically conductive
heat sinkpart to another oneof theelectrically conductive
heat sink parts via the bonding means. This allows for an
efficient connection of the at least one light emitting
element, in particular both a positive terminal and a
negative terminal of the at least one light emitting ele-
ment, to a first heat sink part aswell as a secondheat sink
part via bonding means. Preferably, one bonding means
is used to connect the positive terminal of the at least one
light emitting element to the first heat sink part and an-
other bonding means is used to connect the negative
terminal of the at least one light emitting element to the
other heat sink part, wherein such a connection is en-
abled by the cutoff area of the first heat sink part.
[0021] In an exemplary embodiment, the electrical
contact portions of the at least two electrically conductive
heat sink parts are substantially not covered by the at
least one electrically isolating layer. The isolating layer
may for example be removedby a laser ablation process.
Hereby, a sufficient electrical connection between the at
least one light emitting element and the at least two
electrically conductive heat sink parts is enabled.
[0022] In an exemplary embodiment, the at least one
electrically isolating layer is configured as a separate
dielectric isolating layer. Hereby, an electric insulation
between the at least to heat sink parts may be enabled.
For example, the isolating layer may be configured as an
isolating pad and/or may be provided by coating at least
one of the at least two heat sink parts. Preferably, the at
least one electrically isolating layer is arranged in be-
tween the at least two heat sink parts, in particular inter-
posed between the at least two heat sink parts and thus
electrically isolates the at least two heat sink parts from
each other. Preferably, the dielectric isolating layer may
cover substantially at least one side of the heat sink part,
in particular the side of the heat sink part which faces
towards the other heat sink part, except for the electrical
contact portions, for reliably preventing shorts.
[0023] In an exemplary embodiment, the at least one
electrically isolating layer is configured as at least one
integral layer of at least one of the at least two electrically
conductive heat sink parts, wherein the at least one
integral layer preferably is configured as an anodized
layer. Via the integral layer, an electrical isolation is
enabled without adding a separate part or coating to
the lighting device. Hence, the overall dimensions of
the support structure may be reduced. In addition to
the electrical isolation supplied by the anodized layer,
the anodized layer improves corrosion resistance and
wear resistance of the heat sink part. Preferably, the
integral layer may be formed substantially on at least
one side of the heat sink part, in particular on the side of
the heat sink part which faces towards the other heat sink
part, except for the electrical contact portions, for reliably

preventing shorts.
[0024] In an exemplary embodiment, the at least two
partly electrically conductive heat sink parts comprise
metal, aluminum and/or an aluminum alloy, preferably
consist of aluminum and/or an aluminum alloy. Prefer-
ably, the at least two partly electrically conductive heat
sink parts are made as extruded metal, in particular as
extrudedaluminum, profiles.Byusingametalmaterial, in
particular an aluminum or an aluminum alloy, for the at
least two heat sink parts, the heat generated by the at
least one light emitting element may be thermally dis-
sipated in a beneficial way. Further, the at least one light
emitting element may be electrically connected through
the at least two heat sink parts so that not printed circuit
board has to be used in the vicinity of the at least one light
emitting element.
[0025] In an exemplary embodiment, the at least two
partly electrically conductive heat sink parts each com-
priseat least onecoolingelement, preferably aplurality of
cooling fins, wherein the at least one cooling element
preferably is formed integrally with the respective at least
partly electrically conductive heat sink part. Thus, the at
least one cooling element dissipates the heat generated
by the at least one light emitting element in a beneficial
way. The at least one cooling element thus enhances a
cooling effect and an effect of the support structure
functioning as 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 struc-
ture and thus to the at least one cooling element. In an
exemplary embodiment, the at least one cooling element
may be formed, at least in part, from extruded rods, in
particular comprising suitable alloys of aluminum.
[0026] In an exemplary embodiment, the at least one
coolingelement is or comprisesacooling fincomprisinga
cooling surface, e.g. of essentially rectangular or trian-
gular shape, the cooling surface being arranged essen-
tially orthogonal to the mounting section of the at least
one light emitting element. In an exemplary embodiment,
the at least one first cooling element is formed by extru-
sion molding in a single production step with the at least
one heat sink element. Preferably, the plurality of cooling
fins are arranged essentially mutually parallel. Thereby,
being essentially mutually parallel is to be understood
such that an angle formed by the plurality of cooling
elements to each other is smaller than 10°, in particular
smaller than 5°, in particular smaller than 2°.
[0027] In an exemplary embodiment, the at least one
cooling element comprises an edge with at least one
section being inclined with respect to the heat sink part.
Inanexemplaryembodiment, theat least onefirst cooling
element is inclined continuously along this section, for
example in a direction away from the at least one light
emittingelement. Theedgeof theat least onefirst cooling
element may be inclined away from the at least one light
emitting element to avoid an obstruction of light emitted
from the at least one light emitting element. For example,
an inclinationwith respect to the support structuremaybe
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smaller than 50°, in particular smaller than 30°, in parti-
cular smaller than 20°.
[0028] In an exemplary embodiment, the lighting de-
vice further comprises at least another cooling element
being arranged opposite to the at least one first cooling
element with respect to the at least one light emitting
element. In other words, in an exemplary embodiment,
the lighting device further comprises at least another
cooling element being spatially separated from the at
least onecoolingelement by theat least one light emitting
element.
[0029] In an exemplary embodiment, the at least two
partly electrically conductive heat sink parts are substan-
tially identical. In particular, the at least two partly elec-
trically conductive heat sink parts are tilted with regard to
each other, in particular one heat sink part is tilted along
its longitudinal axis by substantially 180°. The two rear
sides of the two heat sink parts are then preferably ar-
ranged on each other, wherein an isolating layer is ar-
ranged between the two heat sink parts. By providing two
at least substantially identical heat sink parts, two light
emitting elementsmay be arranged on the support struc-
ture in a beneficial way and the optics of a halogen lamp
may be mimicked.
[0030] In an exemplary embodiment, the at least two
partly electrically conductive heat sink parts are attached
to each other via electrically non-conductive fixation
means, preferably via adhesive and/or electrically non-
conductive screws. Aforementioned fixation means en-
able amechanical connection of the at least twoheat sink
parts without electrically connecting the two heat sink
parts. Thus, short of the lighting device may be provided
in a reliable manner.
[0031] In an exemplary embodiment, the lighting de-
vice further comprises: at least one printed circuit board,
wherein the at least two electrically conductive heat sink
parts are electrically connected to the at least one printed
circuit board. Preferably, the at least one light emitting
element is electrically connected to the at least one
printed circuit board (PCB) via the heat sink parts. As a
result, in an exemplary embodiment, the at least one light
emitting element is electrically controlled via the PCB. By
arranging the at least one light emitting element on the at
least oneheat sinkpart andnot on thePCB itself, thePCB
does not need to have beneficial heat dissipation proper-
ties and a cost-efficient PCB, for example a non-metal
PCB, in particular a PCB which comprises FR4 material,
may be used. According to an exemplary embodiment,
theat least oneprintedcircuit boardpreferably comprises
at least one driver element, for example a signal proces-
sing unit, for the at least one light emitting element.
Preferably, the at least one printed circuit board is not
in direct contact with the at least one light emitting ele-
ment and with the heat sink parts.
[0032] A beneficial connection between the at least
one PCB and the heat sink parts may be provided by
connection means, wherein the connection means may
be connected to the heat sink parts and/or the PCB via

ribbon bonding, at least one clamping system, soldering
and/or welding.
[0033] In an exemplary embodiment, the lighting de-
vice further comprises: a housing, wherein the support
structure is at least in part arranged within at least part of
the housing. The housing may be a component of the
lighting device that may provide in particular protection
for one ormore 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 components of the lighting device. In this way,
advantageous flexibility is provided, in particular for at-
tributing a main heat guiding function to the support
structure, enabling a construction of the housing inde-
pendently of this function, thereby enabling in particular
fabrication of the housing from a different material.
[0034] 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.
[0035] 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.
[0036] 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.
[0037] In an exemplary embodiment, the housing is at
least in part formed from a material transparent for at
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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.
[0038] In an exemplary embodiment, the lighting de-
vice further comprises: an air source configured to gen-
erate an air flow. To this end, in an exemplary embodi-
ment, 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 support structure to the
cooling element, which may then transfer at least part of
the heat on to theair flow.Theair flowmay thus removeat
least part of the heat generated by the at least one light
emitting element.
[0039] 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 vertical to
a plane of rotation of the fan. Alternatively, such fan may
bea radial fanwith anair flowbeinggeneratedandoutput
in a direction essentially parallel to the plane 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
and/or via theat least twoheat sinkparts. Inanexemplary
embodiment, the at least one air sourcemaybe 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 con-
tains structures to guide the air flow to and from the fan.
[0040] 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).
[0041] In an exemplary embodiment, the lighting de-
vice further comprises: at least two light emitting ele-
ments, wherein at least one first of the at least two light
emitting elements is arranged on at least one first mount-
ing section, preferably first mounting surface, of at least
one first of the at least two electrically conductive heat
sink parts, andwherein at least one second of the at least
two light emitting elements is arranged on at least one
second mounting section, preferably second mounting
surface, of at least one second of the at least two elec-

trically conductive heat sink parts. The first and the
second mounting section are configured to support an-
d/or hold the at least one light emitting element. For
example, the support structure, in particular the respec-
tive heat sink parts, 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 section for sup-
porting the at least one light emitting element. The sup-
port structure may preferably comprise 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.
[0042] In an exemplary embodiment, the at least two
electrically conductive heat sink parts are arranged such
that the respective mounting sections are substantially
opposite to each other. Hereby, at least two light emitting
elements may be arranged on the lighting device and
thussimilar radiation characteristics to thoseofahalogen
lamp may be achieved.
[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 accord-
ing to an embodiment of the invention;

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

Fig. 3 illustrates a cross-sectional side view of a light-
ing device according to an embodiment of the
invention.
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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 120, which is an example of a light emitting
element. A further LED 120 is provided on the opposing
side of the support structure 110which is not visible in the
figure. Preferably, the LEDs 120 are directly attached to
the heat sink parts 112a and 112b by means of an
adhesive, in particular by means of an electrically non-
conducive adhesive. The two heat sink parts 112a and
112b are substantially identical and attached to each
other via electrically non-conductive fixation means.
[0049] The LED 120 is electrically connected through
ribbon-bonding connections 122a, 122b to electrical con-
tact portions of the electrically conductive heat sink parts
112a and 112b of the support structure 110 for electrically
connecting LEDs 120. For connecting the LEDs 120 to
the electrically conductive heat sink part 112a, 112b on
which the respective LED 120 is not arranged in a con-
venient manner, heat sink parts 112a and 112b com-
prises cutout areas 113a and 113b in which the ribbon-
bonding connections 122b are arranged. An electrically
isolating layer 114 is arranged between the two heat sink
parts 112a and 112b. The electrically isolating layer may
be configured as an integral layer of one of the two heat
sink parts 112a and 112b or as a separate dielectric layer.
The isolating layer 114 does not cover electrical contact
portions of the heat sink parts 112a and 112b, e.g. the
portions were the ribbon-bonding connections 122a and
122b contacts the heat sink parts 112a and 112b. Pre-
ferably, the twoheat sink parts 112aand112b consist of a
metal, in particular of aluminum or an aluminum alloy.
[0050] A cooling element 150b with eight cooling fins
154 (cooling extensions) is arranged on each of the heat
sink parts 112a, 112b of the support structure 110, 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 extension of the support
structure 110. An air source and further cooling elements
150a are shown in Fig. 2, whereby in the shown example
the air source is a fan 130 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
120. The housing 140 comprises ventilation slits 146 (an
arrangement of slits) to ensure sufficient air supply for the
underlying radial fan 130. Both cooling elements 150a
and 150b are preferably formed integrally with the heat

sink parts 112a and 112b.
[0051] 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 fans 130 exits a housing
of fan 130 at its side directly adjacent to cooling element
150a topass throughcoolingelement 150aover LED120
and further through 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 120 but also
as a heat sink for the lighting device 100, is further
enhanced by cooling elements 150a and 150b. As visible
in Fig. 2, respective fans (air sources) 130 are provided
on either side of the support structure 110 on each of the
heat sink parts 112a and 112b.
[0052] As shown in Fig. 2, the cooling fins 150a have
respective inclined edges (inclined section 156) being
inclined away from the LED (a respective height de-
creases towards the LED). In the shown example, hous-
ing 140 has two mutually opposing parts respectively
surrounding or enclosing 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 (fan 130) 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, in particular the two heat sink parts 112a and 112b,
are formed from a heat conductive material such as a
metal, in particular aluminumor copper to facilitate a heat
flow away from the LED 120 and to enable an electrical
connection of the LED 120. At the same time, the provi-
sion of cooling elements 150a, 150b in the shown ex-
ample enhances a cooling effect of an air flow generated
by the at least one air source (fan 130). The advanta-
geous 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. a plastic material.
[0053] Figs. 3 shows a cross-sectional view of a further
examplesof a lighting device100according to exemplary
embodiments of the invention. As mentioned, like refer-
ence numerals indicate the same components.
[0054] Figs. 3 may correspond to a cross-sectional
view of the examples shown in Figs. 1 and 2. The cooling
elements 150a, 150b comprise cooling fins (cooling ex-
tensions) 154 which are connected to the support struc-
ture110.As in theexampleof Fig. 1, eight cooling fins154
may be provided on either side of the LED 120, only one
respectiveoneofwhich is visible in thefigure.The fan130
(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 cooling
elements 150b to enable a further cooling of the support
structure.
[0055] The cooling fins 154 are formed integrally with
the heat sink parts 112a and 112b such that amain plane
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of the cooling fins (cooling extensions) is arranged es-
sentially perpendicular to amain direction of extension of
the support structure 110 and the heat sink parts 112a
and 112b.
[0056] The lighting device 100 further comprises a
printed circuit board 190, wherein the printed circuit
board 190 is connected via ribbon bonds 200 to both
of the heat sink parts 112a and 112b. The printed circuit
board 190 in particular comprises the driver elements
needed for the functioning of the LEDs 120.

LIST OF REFERENCE SIGNS:

Lighting device 100
Support structure 110
Heat sink parts 112a, 112b
Cutout areas 113a, 113b
Isolating layer 114
Light emitting element 120
LED top connection 122a, 122b
Fan 130
Housing 140
Tapered section 144
Ventilation slit 146
Cooling element 150a, 150b
Cooling extension 154
Inclined section 156
Adapter means 160
Adapter ring 162
Power pins 164a, 164b
Air flow 170
Driver PCB 190
Ribbon Bonds 200

Claims

1. A lighting device (100) comprising:

a support structure (110) comprising at least two
at least partly electrically conductive heat sink
parts (112a, 112b) and at least one electrically
isolating layer (114) electrically isolating the at
least two electrically conductive heat sink parts
(112),
at least one light emitting element (120), pre-
ferably a top contact light emitting element
(120), arranged on one of the at least two at
least partly electrically conductive heat sink
parts (112a, 112b),
wherein the at least one light emitting element
(120) is electrically connected to electrical con-
tact portions of the at least two electrically con-
ductive heat sink parts (112a, 112b ).

2. The lighting device according to claim 1,

wherein the at least one light emitting element (120)
is arranged, preferably directly arranged, on one of
theat least twoelectrically conductiveheat sink parts
(112a, 112b) by means of an adhesive, in particular
by means of an electrically non-conductive adhe-
sive.

3. The lighting device according to claim 1 or 2,

wherein the at least one light emitting element
(120) is electrically connected to the electrical
contact portions of the at least two electrically
conductive heat sink parts (112a, 112b) via
bonding means (122a, 122b),
wherein the bonding means (122a, 122b) pre-
ferably are formed as wire bonding means, rib-
bon bonding means and/or wedge bonding
means.

4. The lighting device according to claim 3,
wherein each of two electrical contact regions of the
at least one light emitting element (120) are electri-
cally connected to a different one of the at least two
electrically conductive heat sink parts (112a, 112b)
via the bonding means (122a, 122b).

5. The lighting device according to claim 3 or claim 4,
wherein at least one of the electrically conductive
heat sink parts (112a, 112b) comprises a cutout area
(113a, 113b) for connecting the at least one light
emittingelement (120) beingarrangedon theat least
one electrically conductive heat sink part (112a,
112b) to another one of the electrically conductive
heat sink parts (112a, 112b) via the bonding means.

6. The lighting device according to any of claims 1 to 5,
wherein the electrical contact portions of the at least
two electrically conductive heat sink parts (112a,
112b) are substantially not covered by the at least
one electrically isolating layer (114).

7. The lighting device according to any of claims 1 to 6,

wherein the at least one electrically isolating
layer (114) is configured as a separate dielectric
isolating layer, and/or
wherein the at least one electrically isolating
layer (114) is configured as at least one integral
layer of at least one of the at least twoelectrically
conductiveheat sinkparts (112a, 112b),wherein
the at least one integral layer preferably is con-
figured as an anodized layer.

8. The lighting device according to any of claims 1 to 7,

wherein the at least two partly electrically con-
ductive heat sink parts (112a, 112b) comprise
aluminum and/or an aluminum alloy, preferably
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consist of aluminum and/or an aluminum alloy,
and/or
wherein the at least two partly electrically con-
ductive heat sink parts (112a, 112b) each com-
prise at least one cooling element (150a, 150b),
preferably a plurality of cooling fins, wherein the
at least one cooling element (150a, 150b) pre-
ferably is formed integrally with the respective at
least partly electrically conductive heat sink part
(112a, 112b).

9. The lightingdeviceaccording toanyof the claims1 to
8,

wherein the at least two partly electrically con-
ductive heat sink parts (112a, 112b) are sub-
stantially identical, and/or
wherein the at least two partly electrically con-
ductiveheat sinkparts (112a,112b)areattached
to each other via electrically non-conductive
fixation means, preferably via adhesive and/or
electrically non-conductive screws.

10. The lighting device according to any of claims 1 to 9,
further comprising:

at least one printed circuit board (190),
wherein the at least two electrically conductive
heat sink parts (112a, 112b) are electrically con-
nected to the at least one printed circuit board
(190),
wherein the at least one printed circuit board
(190) preferably comprises at least one driver
element for the at least one light emitting ele-
ment (120), and,
wherein the at least one printed circuit board
(190) preferably comprises FR4 material.

11. The lightingdeviceaccording toanyof claims1 to10,
further comprising:
a housing (140), wherein the support structure (110)
is at least in part arranged within at least part of the
housing (140).

12. The lighting device according to anyof claims1 to 11,
further comprising: an air source (130) configured to
generate an air flow.

13. The lightingdeviceaccording toanyof claims1 to12,
further comprising:

at least two light emitting elements (120),
wherein at least one first of the at least two light
emitting elements (120) is arranged on at least
one first mounting section (116) of at least one
first of the at least two electrically conductive
heat sink parts (112a, 112b), and
wherein at least one second of the at least two

light emitting elements (120) is arranged on at
least one second mounting section (116) of at
least one second of the at least two electrically
conductive heat sink parts (112a, 112b).

14. The lighting device according to claim 13, wherein
theat least twoelectrically conductiveheat sink parts
(112a, 112b ) are arranged such that the respective
mounting sections (116) are substantially opposite to
each other.

15. Automotive headlight comprising the lighting device
according to any of claims 1 to 14.
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