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PLASTIC HEAT SINK FOR LUMINAIRES

CROSS REFERENCE TO PRIOR APPLICATIONS
[0001] This application claims priority to Indian patent application no. 762/DEL/2015,

filed on March 20, 2015, the disclosure of which is incorporated by reference in its entirety.

BACKGROUND

[0002] Luminaires are available in many shapes, sizes, and configurations. Modern
luminaires can include light emitting diodes (LEDs) as opposed to traditional incandescent light
bulbs for their high energy efficiency and longevity. Conventional LED-based luminaires
employ metallic heat sinks that direct heat away from the LEDs during operation. However,
metallic heat sinks are typically cast, which limits the configuration of the heat sink. For
instance, in certain luminaires, the cast metallic heat sinks have limited geometric fin

configurations.

SUMMARY

[0003] In accordance with another aspect of the present disclosure, a heat sink can
include a base that defines an inner surface configured to be placed in thermal communication
with at least one LED, and an outer surface opposite the inner surface. The heat sink can further
include a plurality of plastic fins project out from the outer surface from a proximal end to a
distal end. Accordingly, at least a group of the plurality of fins defines a fin geometry that 1s
selected from at least one of a group of available geometries including a linear geometry, an
angled geometry, a radial geometry, a pin-shaped geometry, a pyramidal geometry, and a curved
geometry.

[0004] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not intended
to identify key features or essential features of the claimed subject matter, nor is it intended to be

used to limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] The foregoing summary, as well as the following detailed description, is better

understood when read in conjunction with the appended drawings. There is shown in the
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drawings example embodiments of various embodiments, however the present invention is not
limited to the specific methods and instrumentalities disclosed. In the drawings:

[0006] Fig. 1A is a perspective view of a luminaire of one embodiment;

[0007] Fig. 2B is an exploded perspective view of the luminaire illustrated in Fig. 1A;

[0008] Fig. 2A is a perspective view of a heat sink of the luminaire illustrated in Fig.
1A, but including first and second portions in accordance with one embodiment;

[0009] Fig. 2B is a schematic exploded perspective view of the heat sink of the
luminaire illustrated in Fig. 2A to illustrate the first and second portions;

[0010] Fig. 3A is a sectional end elevation view of a portion of the heat sink of a
luminaire as illustrated in Fig. 1A, including a metallic material and a plastic material;

[0011] Fig. 3B is a sectional end elevation view similar to Fig. 3A, but showing the
portion of the heat sink constructed in accordance with another embodiment;

[0012] Fig. 4A is a perspective view of a modular heat sink of a luminaire as illustrated
in Fig. 1A in accordance with one embodiment;

[0013] Fig. 4B is a perspective view of the modular heat sink illustrated in Fig. 4A;

[0014] Fig. 5A is a perspective view of a modular side-by-side heat sink of a luminaire
as illustrated in Fig. 1A in accordance with one embodiment;

[0015] Fig. 5B is a perspective view of the heat sink illustrated in Fig. SA;

[0016] Fig. 6A is a perspective view of a heat sink of a luminaire as illustrated in Fig.
1A including fins having a linear fin geometry in accordance with one embodiment;

[0017] Fig. 6B is a top plan view of the heat sink illustrated in Fig. 6A;

[0018] Fig. 7A is a perspective view of a heat sink of a luminaire as illustrated in Fig.
1A but including fins having an angled fin geometry in accordance with another embodiment;

[0019] Fig. 7B is a top plan view of the heat sink illustrated in Fig. 15A;

[0020] Fig. 8A is a perspective view of a heat sink of a luminaire as illustrated in Fig.
1A but including fins having a radial fin geometry in accordance with another embodiment;

[0021] Fig. 8B is a top plan view of the heat sink illustrated in Fig. 8A;

[0022] Fig. 9A is a perspective view of a heat sink of a luminaire as illustrated in Fig.
1A but including fins having a curved fin geometry in accordance with another embodiment;

[0023] Fig. 9B is a top plan view of the heat sink illustrated in Fig. 9A;
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[0024] Fig. 10A is a sectional side elevation view of the fins of a heat sink of a
luminaire as illustrated in Fig. 1A in accordance with one embodiment;

[0025] Fig. 10B is a sectional side elevation view of the fins of a heat sink of the
luminaire illustrated in Fig. 1A, in accordance with another embodiment;

[0026] Fig. 11 is a perspective view of a heat sink of a luminaire illustrated in Fig. 1A
but including fins having a pin-shaped fin geometry in accordance with another embodiment;
and

[0027] Fig. 12 is a perspective view of a heat sink of a luminaire as illustrated in Fig.

1A but including fins having a pyramidal fin geometry in accordance with another embodiment.

DETAILED DESCRIPTION

[0028] Referring now to Figs. 1A-1B, a luminaire 200 constructed in accordance with
one embodiment includes a housing component 202 and a heat sink 204. The heat sink 204 is at
least partially supported by the housing component 202 such that the luminaire 200 defines an
interior space 206 that is disposed between the housing component 202 the heat sink 204. For
instance, the interior space 206 can be defined by the housing component 202 and the heat sink
204. Alternatively, the heat sink 204 can be supported by an intermediate structure that, in turn,
is attached to the housing component 202. The housing component 202 and the heat sink 204, or
alternatively or additionally the intermediate structure, can combine so as to define a housing
205 that substantially encloses the interior space 206.

[0029] Reference herein to the housing 205 is used herein to refer to one or both of the
housing component 202 and the heat sink 204. Alternatively or additionally, reference herein to
the housing 205 can include the intermediate structure. Further, reference to the interior space
206 can refer to one or both of an interior space defined by the housing component 202, and an
interior space defined by the heat sink 204. It should be appreciated, in this regard, that the
interior space 206 can be defined by one of the heat sink 204 and the housing component 202,
such that the interior space is closed by the other of the heat sink 204 and the housing component
202. Alternatively or additionally, reference to the interior space 206 can refer to an interior
space defined by the intermediate structure.

[0030] In one example, the heat sink 204 can include a base 222 and at least one side
wall 223 that extends from the base 222 along a transverse direction T. For instance, the at least

one side wall 223 can extend from an outer perimeter of the base 222. The base 222 and the side
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wall 223 can combine so as to define at least a portion of the interior space 206. For instance,
the base 222 defines an inner surface 224a and an outer surface 224b (see Fig. 2A) opposite the
inner surface along the transverse direction T. The side wall 223 can extend from the base 222
in a direction defined from the outer surface 224b to the inner surface 224a. The side wall 223
can be attached to the housing component 202 such that the heat sink 204 and the housing
component 202 combine so as to substantially enclose the interior space 206. Thus, the interior
space 206 can be defined by the housing component 202, the inner surface 224a of the heat sink
204, and the at least one side wall 223 of the heat sink 204. The luminaire 200 can further
include a gasket 225 disposed at an interface of the at least one side wall 223 and the housing
component 202, so as to seal the interface. In one example, the gasket 225 can be configured as
an elastomeric gasket. Further, the housing 205 can be devoid of open apertures that extend into
the interior space 206. Accordingly, the luminaire 200 can be sealed and suitable for outdoor
use. In one example, the luminaire 200 can be configured for use as an outdoor street light.

[0031] The housing component 202 includes a light source, and a lens 207 in optical
communication with the light source such that the light source is configured to emit light through
the lens 207. Thus, the lens 207 can be at least translucent, and in some embodiments can be
substantially transparent. In particular, the luminaire can include an LED panel 208 that is
disposed in the interior space 206. Thus, the light source can be configured as at least one LED
210 that is supported by a substrate 212 of the LED panel. The at least one LED 210 is
configured to produce illumination, such that at least a portion of the illumination is directed
through the lens 207. In one example, the at least one LED 210 includes a plurality of LEDs 210
supported by the substrate 212.

[0032] The luminaire 200 further includes a driver 214 that is supported in the interior
space 206 and is configured to receive input electrical power from an electrical power source,
and 1in turn output electrical power. The driver 214 is in electrical communication with the LED
panel 208, such that the at least one LED 210 is configured to receive the output electrical power
and, in response, produce illumination. The at least one LED 210 can be configured as a red-
green-blue (RGB) LED or as any suitable alternative LED as desired. In one example, the
housing 205 can define an interface 216, which is configured to mate with a complementary
interface in electrical communication with an external electrical power source. The interface 216

can be configured as a receptacle at least partially defined by the housing 205, such as the heat
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sink 204, and an end cover 217 that is secured to the heat sink 204 that is configured to partially
define the interface 216. The luminaire 200 can include an electrical connector 218 disposed in
the interior 206 at a location proximate to the interface 216. The electrical connector 218 is
configured to mate with a complementary electrical connector of the electrical power source so
as to receive the input external electrical power. The electrical connector 218 can further be in
electrical communication with the driver 214 so as to allow transmission of the input electrical
power to the driver 214. Alternatively, the luminaire 200 can include an onboard electrical
power source, such as an electrochemical cell.

[0033] With continuing reference to Figs. 1 A-1B, the base 222, and thus the heat sink
204, can define a first end 204a and a second end 204b opposite the first end 204a along a
longitudinal direction L that is substantially perpendicular to the transverse direction. Similarly,
the housing component 202 can define a first end 202a and a second end 202b opposite the first
end 202a along the longitudinal direction L. The first end 202a can be aligned with the first end
204a along the transverse direction T. Similarly, the second end 202b can be aligned with the
second end 204b along the transverse direction T. The base 222 can define a length along the
longitudinal direction L, and a width along a lateral direction A that is perpendicular to the
longitudinal direction L. In one example, the length can be greater than the width. The first end
204a can define an LED compartment 206a of the interior space 206 that is configured to retain
the LED panel 208. The LED panel 208 can be supported in the interior 206, and in particular in
the LED compartment 206a, such that the inner surface 224a faces the LED panel 208 and is in
thermal communication with the at least one LED 210. Thus, the inner surface 224a is
configured to receive heat from the at least one LED 210 during operation. The luminaire 200
can further include a secondary lens 209 that is disposed between the LED panel 208 and the
lens 207, and 1s configured to shape or otherwise condition the illumination as desired. Thus, the
lens 207 can be disposed at the first end 204a of the housing component 202.

[0034] The second end 204b can define a driver compartment 206b of the interior space
206 that 1s configured to retain the driver 214. Further, the driver compartment 206b can retain
the electrical connector 218. The base 222 can define a step 227 between the LED compartment
206a and the driver compartment 206b, such that the driver compartment 206b has a depth in the
transverse direction T that 1s greater than the depth of the LED compartment 206a. The

luminaire 200 can further include a driver cover 220 that is configured to secure the driver 214
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and the electrical connector 218 in the interior space 206, and in particular in the driver
compartment 206b The driver cover 220 can be secured, for instance via fasteners 221 to the
heat sink so as to enclose the driver compartment 206b. The driver 214 and the electrical
connector 218 can each be secured either or both of to the heat sink 204 and the driver cover 220.

[0035] Referring also to Figs. 2A-2B, the heat sink 204 can define a plurality of fins
228 that project out from the outer surface 224b from respective proximal ends 228a to
respective distal ends 228b. In one example, the distal ends 228b can be spaced from the
respective proximal ends 228a along a direction that is substantially normal to the outer surface
224b. In one example, the fins 228 can be continuous from their respective proximal ends 228a
to their respective distal ends 228b. The distal ends 228b of the fins 228 can be separate from
the distal ends 228b of the other fins 228, and can thus be referred to as free ends.

[0036] For instance, the fins 228 can project out from the outer surface 224b at the first
end 204a of the heat sink 204. Additionally, the fins 228 can project out from at least a portion
up to an entirety of the outer surface 224b at the second end 204b of the heat sink 204.
Alternatively or additionally, at least a portion up to an entirety the outer surface 224b at the
second end 204b of the heat sink 204 can be substantially smooth, that is devoid of the fins 228.
In one example, the outer surface 224b at the second end 204b can be substantially coplanar with
the distal ends 228b of the fins 228 at the first end 204a. Alternatively, the distal ends 228b of
the fins 228 at the first end 204a can be recessed with respect to the outer surface 224b at the
second end 204b. Alternatively still, the outer surface 224b at the second end 204b can be
recessed with respect to the distal ends 228b of the fins 228 at the first end 204a. Because the
lens 207 is disposed at least at the first end 202a of the housing component 202, and the LED
panel 208 is disposed in the LED compartment 206a, the LED substrate 212 of the LED panel
208 can be disposed between the lens 207 and at least one of the fins 228, for instance, with
respect to the transverse direction T. Accordingly, a straight line that extends through the lens
207 and the LED panel 208 can also pass through one of the fins 228. The straight line can be
oriented along the transverse direction T.

[0037] The heat sink 204 can be manufactured such that the fins 228 can define a
geometry among a plurality of available geometries. For instance, at least a portion of the heat
sink 204 can be made from plastic. In one example, the outer surface 224b and the fins 228 can

be made from a thermally conductive plastic. Thus, the fins 228 can be manufactured with
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geometries that differ from the geometries of fins of conventional heat sinks that are made of cast
metal. For instance, the thermally conductive plastic can be a thermoplastic. At least the outer
surface 224b and the fins 228 can be a molded plastic part.

[0038] Thus, the fins 228 and the outer surface 224b can define a monolithic
homogeneous component. The monolithic homogeneous component can be a plastic component,
that can be a first plastic material 229a. For instance, the first plastic material 229a can be as
described above. Thus, the first plastic material 229a can be thermoplastic. The first plastic
material 229a can be thermally conductive, and thus can have a thermal conductivity sufficient to
allow the heat sink 204 to remove a sufficient amount of heat from the LED panel 208 to thereby
substantially assist in maintaining the at least one LED 210 at or below a desired LED junction
temperature. In one example, the LED junction temperature can be 90 degrees Celsius. In one
embodiment, the first plastic material 229a can have a thermal conductivity in-plane of a 60 mm
(millimeters) x 60mm x 3 mm plaque in a range between and including approximately 1 W/m-k
(watts per meter-kelvin) and approximately 20 W/m-k, as measured in accordance with Standard
ISO 22007-2 (2008). In one example, the in-plane thermal conductivity can be in a range
between and including approximately 1.5 W/M-k and approximately 18.0 W/m-k, such as
approximately 1.5 W/m-k, approximately 1.9 W/m-k, approximately 3.3 W/m-k, approximately
3.4 W/m-k, or approximately 18 W/m-k as measured in accordance with Standard ISO 22007-2
(2008). The first plastic material 229a can have a thermal conductivity through-plane of the
60mm x 60mm x 3 mm plaque in a range between and including 0.5 and 5 W/m-k, such as
approximately 2.0 W/m-k as measured in accordance with Standard ISO 22007-2 (2008). For
instance, the through-plane thermal conductivity can be in the range between and including 0.8
W/m-k and 1.5 W/m-k, such as approximately 1.3 W/m-k as measured in accordance with
Standard ISO 22007-2 (2008). The root mean square (RMS) value of the in-plane and through-
plane conductivities as described above can be in a range between and including approximately
1.2 W/m-k and approximately 12.8 W/m-K. The first plastic material can have a melt
temperature between approximately 320 degrees Celsius and 350 degrees Celsius. Both in-plane
and through-plane thermal conductivities identified herein can be measured in accordance with
Standard ISO 22007-2 (2008). Approximate thermal conductivity values can account for typical
variations in such measurements. The first plastic material 229a can have a melt temperature

between approximately 320 degrees Celsius and 350 degrees Celsius. The first plastic material
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229a can be electrically insulative or electrically conductive as desired. One example of such a
first plastic material 229a is Konduit™ plastic material commercially available from SABIC,
having a principal place of business in Riyadh, Saudi Arabia.

[0039] In one example, the monolithic homogeneous component can be injection
molded. For instance, an entirety of the base 222 can be molded from the first plastic as a
monolithic homogeneous component from the inner surface 224a to the outer surface 224b at
least at the first end 204a. Further, an entirety of the base 222 can be molded from the first
plastic as a monolithic homogeneous component from the inner surface 224a to the outer surface
224b, including the first end 204a and the second end 204b. Further still, an entirety of the heat
sink 204 can be molded from the first plastic as a monolithic homogeneous component including
the base 222 and the at least one side wall 223.

[0040] As illustrated in Figs. 2A-2B, a first portion 226a of the heat sink 204 can
comprise the first plastic material 229a, and a second portion 226b of the heat sink 204 can
comprise a second material 229b that is different than the first plastic material 229a. In one
example, the second material 229b can be a plastic material, such as a thermoplastic. The second
material 229b have a thermal conductivity less than the first plastic material 229a. Further, the
second material 229b can be selected to be less expensive than the first material. In one
example, the second material 229b can be a polycarbonate or a Polycarbonate/Acrylonitrile
Butadiene Styrene (PC/ABS) as described above. It should be appreciated, of course, that the
first plastic material 229a and second material 229b can define any suitable plastic material as
desired.

[0041] The first portion 226a of the heat sink 204 can be at least partially disposed at
the first end 204a. Similarly, the second portion 226b of the heat sink 204 can be at least
partially disposed at the first end 204a. For instance, at least some up to all of the first portion
226a can be located at a region of the heat sink 204 that is in alignment with the LED panel 208
along the transverse direction T. At least some up to all of the second portion 226b can be
located at a region of the heat sink 204 that is out of alignment with the LED panel 208 along the
transverse direction T. It can be said that, on average, the first portion 226a is more aligned than
the second portion 226b with the LEDs 210 along the transverse direction T. Accordingly, the
first portion 226a has a thermal conductivity greater than the second portion 226b. In one

example, at least a portion of the first portion 226a is surrounded by the second portion 226b
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with respect to a plane that includes the longitudinal direction L and the lateral direction A. For
instance, an entirety of the first portion 226a can be surrounded by the second portion 226b with
respect to a plane that includes the longitudinal direction L and the lateral direction A.

[0042] It is recognized that the fins 228 can define an outer surface area that is exposed
to the ambient environment to facilitate heat transfer from the luminaire 200 into the ambient
environment. In one example, all of the fins 228 can disposed at the first portion 226a.
Alternatively, a portion of the fins 228 can be disposed at the second portion 226b. Because the
first portion 226a is more aligned with the LEDs 210 than the second portion 226b is aligned
with the LEDs 210, the LEDs, the first portion 226a carries more of the surface area of the fins
than the second portion 226b.

[0043] The second portion 226b can be at least partially or entirely defined at the first
end 204a. In one example, the second end 204b can also be defined by the second portion 226b.
The first portion 226a can be monolithic with the second portion 226b. For instance, the first
portion 226a can be co-injected with the second portion 226b. While Fig. 2B shows the first
portion 226a exploded from the second portion 226b, this is for illustration purposes to identify
the first portion 226a, it being appreciated that the first and second portions 226a and 204b can
be monolithic with each other. Alternatively, the first portion 226a can be attached to the second
portion 226b. The first portion 226a and the second portion 226b can be monolithic with each
other at the first end 204a. The first end 204a can be monolithic with the second end 204b. In
one example, the first end 204a can be homogenous with the second end 204b. Alternatively, the
first end 204a can be co-injected with the second end 204b,

[0044] Referring now to Figs. 3A-3B, the heat sink 204 can further include an
electrically conductive material, such as a metal 230. The metal 230 can be configured as a
metal plate. The metal plate can be oriented along a plane that is defined by the lateral direction
A and the longitudinal direction L. In one example, the first end 204a can further include the
electrically conductive material. For instance, the first end 204a can include the first plastic
material and the metal 230. As illustrated in Fig. 3A, at least a portion of the inner surface 224a
up to an entirety of the inner surface 224a can be defined by the metal 230. The outer surface
224b can be defined by the first plastic material 229a. As described above, the fins 228 can
project out from the outer surface 224b, and can be homogenous with the outer surface 224b. In

one example, the metal 230 can be overmolded by the first plastic material 229a. Alternatively,
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the metal 230 can be inserted into the plastic material 229a. Alternatively, as illustrated in Fig.
3B, the metal 230 can be substantially encapsulated by the first plastic material 229a.
Accordingly, the first plastic material 229a can define both the inner surface 224a and the outer
surface 224b. It will thus be appreciated that the base 222 can comprise the metal. For instance,
the first end 204a can comprise the metal. In an example whereby the heat sink 204 defines the
first portion 226a and the second portion 226b, the first portion 226a can comprise the metal.

[0045] Referring now to Figs. 4A-4B, the second end 204b can be separate from the
first end 204a and configured to be attached to the first end 204a. In one example, the first and
second ends 204a and 226b can be removably attached to each other. For instance, the first end
204a can include at least one first attachment member 232, and the second end 204b can include
at least one second attachment member 234 that is configured to mate with the first attachment
member 232 so as to attach the first end 204a to the second end 204b. The attachment members
232 and 234 can be constructed in accordance with any suitable embodiment as desired. Further,
the attachment members 232 and 234 can be supported by respective surfaces of the first and
second ends 204a and 226b that face each other. In one example, the attachment members 232
and 234 can define a dovetail joint. The first and second attachment members can mate by
movement of at least one or both of the first and second ends 204a and 226b with respect to the
other of the first and second ends 204a and 226b along a direction perpendicular to the
longitudinal direction L. For instance, the first and second attachment members 223 and 234 can
mate by movement of at least one or both of the first and second ends 204a and 226b with
respect to the other of the first and second ends 204a and 226b along the transverse direction T.
Thus, the second end 204b can be made from a different material than the first end 204a. For
instance, the second end 204b can be electrically conductive. In one example, the second end
204b can be metallic.

[0046] Referring now to Figs. SA-5B, the base 222 and the at least one side wall 223 as
described above can be referred to as a first base, and the at least one side wall 223 can be
referred to as a first at least one side wall. The first end 204a of the heat sink 204 can include
first and second sides 236a and 236b that are spaced from each other along the lateral direction
A. The first base 222 and the first at least one side wall 223 can be disposed at the first side
236a. The second side 236b can define a second base 222 and a second at least one side wall

223. The first side 236a can include first ones of the plurality of fins 228 that project from the
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outer surface 224b of the first side 236a. Similarly, the second side 236b can include second
ones of the plurality of fins 228 that project from the outer surface 224b of the second side 236b.
The first side 236a can be configured to attach to a first housing component 202, and the second
side 236b can be configured to attach to a second housing component 202. The first and second
sides 236a and 236b can be monolithic with each other, or can alternatively be attached to each
other in any manner as desired.

[0047] Each of the first and second sides 236a and 236b can be configured to be
attached to the second end 204b. For instance, the first side 236a can include at least one first
attachment member 232a, and the second side 236b can includes at least one second attachment
member 232b. The second end 204b can include at least a pair of attachment members 343 that
are configured to mate with respective ones of the first and second attachment members 232a
and 233D, so as to attach each of the first and second sides 236a and 236b to the second end
204b. The attachment members 232a-b and 234 can be constructed in accordance with any
suitable embodiment as desired. Further, the at least one first attachment member 232a and the
attachment member 234 of the second end 204b can be supported by respective surfaces of the
first side 236a and the second end 204b that face each other. Similarly, the at least one second
attachment member 232b and the attachment member 234 of the second end 204b can be
supported by respective surfaces of the second side 236a and the second end 204b that face each
other. In one example, the attachment members 232a and 234, and 232b and 234, can define
respective dovetail joints.

[0048] The at least one first attachment member 232a and the attachment member 234
of the second end 204b can mate by movement of at least one or both of the first side 236a and
the second end 204b with respect to the other of the first side 236a and the second end 204b
along a direction perpendicular to the longitudinal direction L. For instance, the at least one first
attachment member 232a and the attachment member 234 of the second end 204b can mate by
movement of at least one or both of the first side 236a and the second end 204b with respect to
the other of the first side 236a and the second end 204b along the transverse direction T.
Similarly, the at least one second attachment member 232b and the attachment member 234 of
the second end 204b can mate by movement of at least one or both of the second side 236b and
the second end 204b with respect to the other of the second side 236b and the second end 204b

along a direction perpendicular to the longitudinal direction L. For instance, the at least one
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second attachment member 232b and the attachment member 234 of the second end 204b can
mate by movement of at least one or both of the second side 236b and the second end 204b with
respect to the other of the second side 236b and the second end 204b along the transverse
direction T. As described above, the second side 236b can be supported by the first side 236a.
For instance, the first and second sides 236a and 236b can be attached to each other.
Alternatively, the first and second sides 236a and 236b can be monolithic with each other. Thus,
the at least one first attachment member 232a and the at least one second member 232b can mate
substantially simultaneously with the attachment member 234 of the second end 204b.

[0049] The second end 204b can at least partially define the driver compartment 206b
as described above. Further, each of the first and second sides 236a and 236b can at least
partially define the LED compartment 206a, as described above, each having a respective LED
panel 208. Each of the LED panels 208 can be in electrical communication with the driver 214
S0 as to receive a respective portion of the output electrical power so as to produce illumination
from the respective LEDs 210. The first end 202a of the housing component 202 can similarly
define a first side and a second side spaced from the first side along the lateral direction A.

Thus, the first side 236a of the heat sink 204 is aligned with the first side of the housing
component 202, and the second side 236b of the heat sink 204 is aligned with the second side of
the housing component 202. Further, the second end 204b of the heat sink 204 is aligned with
the second end 202b of the housing component 202.

[0050] The first side of the housing component 202 includes a first lens aligned with a
first LED panel 208 of the first side 236a, and the second side of the housing component 202
includes a second lens aligned with a second LED panel 208 of the second side 236b. The first
LED panel can be disposed in the interior space 206 between the first side of the housing
component 202 and the first side 236a of the heat sink 204. The first LED panel can include at
least one first LED 210 that is in electrical communication with the driver 214 and configured to
produce illumination, such that at least a portion of the illumination is directed through the first
lens. Similarly, the second LED panel 208 can be disposed in the interior space 206 between the
second side of the housing component 202 and the second side 236b of the heat sink 204. The
second LED panel 208 can include at least one first LED 210 that is in electrical communication
with the driver 214 and configured to produce illumination, such that at least a portion of the

illumination is directed through the second lens. In one example, a straight line extending
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through the first lens and the first LED panel also passes through a fin of the first side of the heat
sink. The straight line can be oriented along the transverse direction T. Further, a second
straight line extending through the second lens and the second LED panel also passes through a
fin of the second side of the heat sink. The second straight line can be oriented along the
transverse direction T. It is recognized that the first and second lenses can be separate lenses, or
integrated into a monolithic lens having regions that define the first and second lenses.

[0051] Referring now to Figs. 6A-12 generally, and as described above, the heat sink
204 can be manufactured such that at least one group of the plurality of fins 228 can define any
geometry as desired among a plurality of available geometries. The group of available
geometries can include a linear geometry (Figs. 6A-6B), an angled geometry (Figs. 7A-7B), a
radial geometry (Figs. 8A-8B), a curved geometry (Figs. 9A-9B), a pin-shaped geometry (Fig.
11), and a pyramidal geometry (Fig. 12). Further, the fins 228 can be solid (Fig. 10A) or hollow
(Fig. 10B). As described above, a proximal end 228a of each of the fins 228 extends out from
the base 222 to a distal end 228b. The fins can each define at least one side wall 238 (see Figs.
10A-10B) that extend from the proximal end 228a to the distal end 228b. Each of the distal ends
228b can extend along a direction of elongation from a first end 240a of the fin 228 to a second
end 240D of the fin opposite the first end 240a. The linear geometry, the angled geometry, the
curved geometry, and the radial geometry can be defined by the direction of elongation of the
distal end 228b. The pin-shaped geometry and the pyramidal geometry can be defined by a
direction of extension of the at least one side wall 238 from the proximal end 228a to the distal
end 228b. In one example, each of the fins 228 can be continuous from the first end 240a to the
second end 240b. Further, the heat sink 204 can define respective gaps 242 (see Figs. 10A-10B)
between adjacent ones of the plurality of fins 228. The air gaps 242 can be open at the perimeter
of the base 222, and thus at the perimeter of the heat sink 204.

[0052] The plurality of fins 228 can include a single group having a single geometry
from the group of available geometries, or more than one group each having respective different
geometries selected from the group of available geometries. In one example, a first group of the
plurality of fins 228 can define a first fin geometry that is selected from the group of available
geometries, and a second group of the plurality of fins 228 that defines a second geometry that is
different than the first geometry and is selected from the group of available geometries. One or

more groups can be defined, for instance, at the outer surface 224b of the base 222 at a location
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that 1s in thermal communication with a common LED panel 208 (see Figs. 9A-9B). In one
example, one group can be defined by first portion 226a of the base 222, and another group can
be defined by the second portion 226b of the base 222 (described above with respect to Figs. 2A-
2B). Alternatively or additionally, one or more groups can be disposed at the first side 236a, and
another one or more groups can be disposed at the second side 236b (described above with
respect to Figs. SA-5B).

[0053] Referring now to Figs. 6A-6B, the at least one group of the plurality of fins 228
can define the linear geometry so as to define linear fins. For instance, the distal ends 228b are
elongate along a linear path from the respective first ends 240a to the respective second ends
240b. The linear path can be oriented along any direction as desired. In one example, the linear
path is oriented along the longitudinal direction L. In one example, the linear paths defined by
the distal ends 228b of the fins 228 that define the linear geometry can be parallel to each other.
The distal ends 228b can extend from a perimeter at the first end 204a of the base 222 to the
second end 204b. The fins 228 can terminate at the second end 204b. Adjacent ones of the fins
228 can be spaced from each other along the lateral direction A from a first side of the base 222
to a second side of the base 222. The first and second sides can be disposed at the outer
perimeter of the base 222. Accordingly, the fins 228 can define a footprint that covers a
substantial entirety of the outer surface 224b of the base 222.

[0054] Referring now to Figs. 7A-7B, the at least one group of the plurality of fins 228
can define the angled geometry. In particular, the distal ends 228b can define a first portion 244a
and a second portion 244b that extends from the first portion 244a at a direction angularly offset
with respect to the first portion 244a. The first portion 244a of each of the fins 228 can be
adjoined to the second portion 244b at a junction 245. In one example, the second portion 244b
can be substantially perpendicular to the first portion 244a. The first portions 244a can be
parallel to each other. Alternatively, the first portions 244a can converge or diverge from each
other with respect to a direction from the second end 204b to the second end 204b. In one
example, the first portions 244a can be oriented along the longitudinal direction L. The second
portions 244b can be parallel to each other. Alternatively, the second portions 244b can
converge or diverge from each other with respect to the lateral direction A. The second portions
244b can be parallel to each other. In one example, the second portions 244b can be oriented

along the lateral direction A.
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[0055] The first portions 244a of at least some of the fins 228 can have different first
lengths from the respective first ends 240a to the second portions 244b. Similarly, the second
portions 244b of at least some of the fins 228 can have different second lengths from the
respective first ends first portions 244b to the second ends 240b. For instance, the first lengths
can increase in a select direction. The select direction can be oriented along the lateral direction
A. In one example, the fins 228 can define a first region 246a whereby the first lengths increase
in the select direction. The fins 228 can define a second 246b region adjacent the first region. In
the second region 246b, the first lengths can decrease in the select direction. In this regard, the
first lengths can define an apex that is disposed at an interface of the first and second regions
246a and 246b. The apex be at a midpoint of the fins 228 with respect to the lateral direction A,
or can be alternatively positioned as desired.

[0056] It should thus be appreciated that the fins 228 of the first region 246a are spaced
from each other in the select direction. The second lengths of fins 228 of the first region 246a
that are spaced from each other in the select direction can define increasing respective second
lengths. Further, the fins 228 of the second region 246b are spaced from each other in the select
direction. The second lengths of fins 228 of the second region 246b that are spaced from each
other in the select direction can define decreasing respective second lengths.

[0057] The junctions 245 at the first region 246a can define a first straight line 248a,
and the junctions 245 at the second region 246b can define a second straight line 248b. The first
and second straight lines 248a and 248b can intersect each other. At least one or both of the first
and second straight lines 248a and 248b can be oblique with respect to the outer perimeter of the
heat sink. The group of the plurality of fins 228 can further define a third region 246¢ of fins
228 that is adjacent the second region 246b, and a fourth region 246d of fins 228 that is adjacent
the first and third regions 246a and 246¢. The third and fourth regions 246¢ and 246d define
respective third and fourth straight lines 248c and 248d defined by the respective junctions 245.
The first and third straight lines 248a and 248c can be co-linear, and the second and fourth
straight 248b and 248d lines can be co-linear. Thus, at least one or both of the third and fourth
straight lines 248c and 248d can be oblique with respect to the outer perimeter of the base 222.
The first, second, third, and fourth lines 248a-248d can have equal lengths or different lengths as
desired. The regions 244a-244d can be configured such that they do not include a fin among the
plurality of fins 228 whereby the first and second portions 244a and 244b have equal lengths.
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[0058] Referring now to Figs. 8A-8B, the at least one group of the plurality of fins 228
can define the radial geometry so as to define radial fins. The distal ends 228b of the radial fins
can each be elongate along respective lines 250 that extend from the respective first ends 240a to
the respective second ends 240b. Thus, the distal ends 228b can extend along a straight path
from the respective first end 240a to the respective second end 240b. At least some up to all of
the lines 250 can intersect each other. All of the lines 250 can extend from a common central
location, which can define a common central point 252, such that the lines 250 intersect each
other at the central point 252. The first and second ends 240a and 240b can be arranged such
that the first end 240a is closer to the central location as compared to the second end 240b. The
distal ends 228b can be spaced from the central location along a radial direction.

[0059] The radial fins can be arranged in at least one row, such as a plurality of rows.
Each row can be defined by a distance from the first end 240a to the central location along the
radial direction. For instance, along a first row 254a, the first ends 240a can define a first
distance from the common center along the radial direction. Along a second row 254b, the first
ends 240a can define a second distance from the common center along the radial direction. The
second distance can be greater than the first distance. In one example, the first distance of all
radial fins in the first row 254a can be the same, and the second distance of all radial fins in the
second row 254b can be the same. Thus, the first ends 240a of the first row 254a can be aligned
along a respective circle. Similarly, the first ends 240a of the second row 254b can be aligned
along a respective circle.

[0060] The distal ends 228b of the radial fins can be circumferentially spaced from
each other. For instance, adjacent ones of the radial fins can be angularly spaced from each other
between approximately 4 degrees and approximately 10 degrees. Thus, the at least one group of
radial fins can include any number of radial fins as desired, for instance between and including
36 and 90 radial fins. The distal ends 228b of the radial fins can be circumferentially
equidistantly spaced from each other. The radial fins of the first row 254a can be arranged
circumferentially with the radial fins of the second row 254b in a continuous pattern. For
instance the radial fins of the first row 254a can be alternatingly arranged circumferentially with
the radial fins of the second row 254b. Alternatively, more than one, such as a pair, of the fins
228 of the second row 254b can be disposed between adjacent ones of the fins 228 of the first
row 254a. The second ends 240b of the radial fins of the first and second rows 254a and 254b
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can be disposed at the outer perimeter of the first end 204a of the heat sink 204. Thus, at least
some of the second ends 240b of the radial fins can be disposed at the outer perimeter of the
outer surface 224b. Accordingly, the respective lengths from the first end 240a to the second end
240b of the distal ends 228b of adjacent ones of the radial fins can be different from each other.

[0061] Referring now to Figs. 9A-9B, the at least one group of the plurality of fins 228
can define the curved geometry so as to define curved fins. In particular, the distal ends 228b of
the curved fins can extend along a curved path between the respective first ends 240a to the
respective second ends 240b. In one example, the distal ends 228b of the curved fins can extend
along a curved path from the respective first ends 240a to the respective second ends 240b. For
instance, the curved fins can extend longer along the longitudinal direction L than the lateral
direction A. The distal ends 228b of the curved fins can, for instance, define a variable curvature
between the respective first ends 240a and the respective second ends 240b. At least a portion up
to an entirety of the distal ends 228b of at least some of the curved fins can be parallel to each
other along their lengths between the first ends 240a and the second ends 240b. For instance, at
least a portion up to an entirety of the distal ends 228b of at least some of the curved fins can be
parallel to each other along their lengths from the first ends 240a to the second ends 240b.

[0062] The curved fins can include first ones 256a of curved fins and second ones 256b
of curved fins. The distal ends 228b of the first ones 256a of curved fins can diverge from the
distal ends 228b of the second ones 256b of curved fins. For instance, the distal ends 228b of the
first ones 256a of curved fins can diverge toward the distal ends 228b of the second ones 256b of
curved fins as they extend in a direction from the first end 204a of the heat sink 204 toward the
second end 204b. The distal ends 228b of the first ones 256a of curved fins can be parallel to
each other. Similarly, the distal ends 228b of the second ones 256b of curved fins can be parallel
to each other. In one example, one of the first and second ends 240a and 240b of the curved fins
can terminate at a longitudinal end of the heat sink 204. The other of the first and second ends
240Db can terminate at one of the lateral sides of the heat sink 204 that is perpendicular to the
longitudinal end. In one example, the first and second ends 240a and 240b can both be disposed
at the first end 204a of the heat sink 204.

[0063] As described above, the plurality of fins 228 can include a plurality of groups of
fins each defining a respective different one of the available fin geometries. In one example, a

first one of the available fin geometries can be configured as the curved geometry, and a second

17



WO 2016/151442 PCT/IB2016/051519

different one of the available fin geometries can be configured as the linear geometry. In
particular, the curved fins can define a gap 258 that is disposed between the divergent first and
second ones 256a and 256b of the curved fins. The linear fins can be disposed in the gap 258.
For instance, the linear fins can be oriented along the longitudinal direction L. Further, the distal
ends 228b of different ones of the linear fins can define different lengths from their respective
first end 240a to their respective second end 240b. The linear fins can extend from the second
end 204b of the heat sink 204 to a location adjacent the curved fins.

[0064] Referring now to Figs. 10A-10B, the fins 228 described herein can have
geometric parameters that can allow for easy manufacturability, increase their thermal
conductivity during use, or both. It should be appreciated, of course, that the fins 228 are not
intended to be limited to any of these parameters unless otherwise indicated. For instance, as
illustrated in Fig. 10A, one or more up to all of the fins 228 can be substantially solid, and thus
include the first plastic material from one of the opposed side walls 238 to another of the
opposed side walls 238, from the proximal end 228a to the distal end 228b, and along at least a
majority up to an entirety of the length of the fin. The fins 228 can define a height H from the
outer surface 224b to the distal end 228b. The height can be measured along the transverse
direction T. In one example, the height can be in a range that is between and includes
approximately 10 mm and approximately 50 mm. Further, the distal end 228b can define a
thickness T along a direction perpendicular to the direction of elongation of the distal end 228b.
The thickness T can, for instance, be measured from one of the opposed side walls 238 to the
other of the opposed side walls 238. In one example, the thickness T can be in a range that is
between and includes approximately 0.8 mm and approximately 2.0 mm.

[0065] Further, at least one or both of the opposed side walls 238 can converge toward
a reference plane that is normal to the outer surface 224b at a location between the opposed side
walls 238, so as to define a draft angle A with respect to the at least one or both of the opposed
side walls 238 and the reference plane. The draft angle can be suitable for removal of the
molded part from the mold. In one example, the draft angle can be in a range that is between and
includes approximately 0.1 degree and approximately 3.0 degrees. Further, adjacent ones of the
fins 228 can be spaced from each other along a pitch P, which can be defined as the center-to-
center distance between adjacent ones of the fins 228. The pitch P can be in a range that is

between and includes approximately 4 mm and approximately 10 mm. Additionally, the base
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222 can define a thickness from the inner surface 224a to the outer surface 224b. The thickness
can be in a range that is between and includes approximately 1.5 mm and approximately 3.5 mm.

[0066] Referring now to Fig. 10B, one or more up to all of the fins 228 can define a
hollow interior 260, such that the fins 228 can be referred to as hollow fins. The hollow interior
260 can be defined between the opposed side walls 238. In particular, the opposed side walls
238 can define respective inner surfaces 238a that face each other, and opposed outer surfaces
238b opposite the inner surfaces 238a. The hollow interior 260 can be defined between the
opposed inner surfaces 238a. Further, the hollow interior 260 can extend from the proximal end
228a to the distal end 228b. Further still, the hollow interior 260 can extend through the base
222 along the transverse direction T. The hollow interior 260 can further extend along at least a
majority up to an entirety of the length of the fin 228.

[0067] The fins 228 can define a height H from the outer surface 224b to the distal end
228b. The height can be measured along the transverse direction T. In one example, the height
H can be in a range that is between and includes approximately 10 mm and approximately 40
mm. Further, the distal end 228b can define a thickness T1 along a direction perpendicular to the
direction of elongation of the distal end 228b. The thickness T1 can, for instance, be measured
from one of the opposed side walls 238 to the other of the opposed side walls 238. In one
example, the thickness T1 can be in a range that is between and includes approximately 2.5 mm
and approximately 4.5 mm.

[0068] Further, at least one or both of the opposed side walls 238 can converge toward
a reference plane that is normal to the outer surface 224b at a location between the respective
side wall 238 and an adjacent one of the fins 228, so as to define a draft angle with respect to the
at least one or both of the opposed side walls 238 and the reference plane. The draft angle A can
be suitable for removal of the molded part from the mold. In one example, the draft angle can be
in a range that is between and includes approximately 0.1 degrees and approximately 2.0
degrees. Further, adjacent ones of the hollow fins 228 can be spaced from each other along a
pitch P, which can be defined as the center-to-center distance between adjacent ones of the fins
228. The pitch P can be in a range that is between and includes approximately 6 mm and
approximately 12 mm. As described above with respect to the substantially solid fins 228, the
base 222 can define a thickness from the inner surface 224a to the outer surface 224b. The

thickness of the base 222 can be in a range that is between and includes approximately 1.5 mm
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and approximately 3.5 mm. The hollow fins can define a second thickness T2 between the inner
surfaces 238a of the opposed side walls 238 at a location midway between the proximal end 228a
and the distal end 228b of the fin 228, for instance, along the transverse direction T. The second
thickness can be in a range that is between and includes approximately 0.8 mm and 2.0 mm.

[0069] In one example, the hollow interior 260 can remain hollow during operation of
the luminaire 200. Alternatively, at least a portion up to an entirety of the hollow interior 260
can be filled with a thermally conductive paste. The thermally conductive paste can have a
thermal conductivity as desired. In one example, the thermal conductivity of the thermally
conductive past can have a thermal conductivity greater than that as described in connection with
the second material 229b.

[0070] Referring now to Fig. 11, and as described above, the at least one group of the
plurality of fins 228 can define the pin-shaped geometry so as to define pin-shaped fins. The
pin-shaped fins can define a pin field 262 that includes a plurality of rows 262a of pin-shaped
fins and a plurality of columns 262b of pin-shaped fins that are angularly offset with respect to
the rows 262a. For instance, the columns 262b can be oriented perpendicular to the rows. The
rows 262a can be oriented along the lateral direction A, and the columns 262b can be oriented
along the longitudinal direction L. For instance, the rows 262a can extend to each of the
opposed lateral sides of the base 222. The columns 262b can extend from the second end 204b
to the longitudinal end of the first end 204a. Adjacent ones of the pin-shaped fins of the rows are
spaced from each other a first distance, and adjacent ones of the pin-shaped fins of the columns
are spaced from each other a second distance. The first distance can be equal to the second
distance. Alternatively, the first distance can be greater than or less than the second distance. As
described above, the distal ends 228b of each of the pin-shaped fins can be spaced from the
respective proximal ends 228a along a central axis that is normal to the outer surface 224b of the
base 222.

[0071] The at least one side wall 238 of the pin-shaped fins can define a rounded outer
surface that extends between the proximal end 228a and the distal end 228b. For instance, the
rounded outer surface can extends from the proximal end 228a to the distal end 228b. The
rounded outer surface of the side wall 238 can thus be round along a plane that extends through
the fin 228 along a direction parallel to the outer surface 224b of the base 222, which is normal

to the central axis. In one example, the side wall 238 can be configured substantially as a
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cylinder. For instance, at least one or both of the proximal end 228a and the distal end 228b of
the pin-shaped fins can be circular. Thus, each of the proximal ends 228a can define an equal
length along two perpendicular lines that are oriented parallel to the outer surface 224b of the
base 222, and thus can be perpendicular to the central axis. Similarly, each of the distal ends
228b can define an equal length along two perpendicular lines that are oriented parallel to the
outer surface 224b of the base 222, and thus can be perpendicular to the central axis.

[0072] The at least one side wall 238 of the pin-shaped fins can further be tapered along
a direction from the proximal end 228a toward the distal end 228b. For instance, at least one
side wall 238 of the pin-shaped fins can be tapered from the proximal end 228a to the distal end
228b. In one example, the distal end 228b can define a maximum distance along a respective
plane that is normal to the central axis. Similarly, the proximal end can define a maximum
distance along a respective plane that is normal to the central axis. The maximum distance at the
distal ends 228b can be in a range that is between and includes half of the maximum distance at
the proximal ends 228a and an entirety of the maximum distance at the proximal ends 228a. For
instance, the maximum distance at the distal end 228b can be in a range that is between and
includes approximately 80 percent and the entirety of the maximum distance at the proximal
ends 228a. When the proximal ends 228a and the distal ends 228b are circular in cross-section,
the maximum distance can be a diameter.

[0073] Referring now to Fig. 12, and as described above, the at least one group of the
plurality of fins 228 can define the pyramidal geometry so as to define pyramidal fins. The
pyramidal fins can be disposed in a matrix 264 that includes a plurality of rows 264a of
pyramidal fins and a plurality of columns 264b of pyramidal fins that are angularly offset with
respect to the rows 264a. For instance, the columns 264b can be oriented perpendicular to the
rows. The rows 264a can be oriented along the lateral direction A, and the columns 264b can be
oriented along the longitudinal direction L. For instance, the rows 264a can extend to each of the
opposed lateral sides of the base 222. The columns 264b can extend from the second end 204b
to the longitudinal end of the first end 204a. Adjacent ones of the pyramidal fins of the rows
264a are spaced from each other a first distance, and adjacent ones of the pyramidal fins of the
columns 264b are spaced from each other a second distance. The first distance can be equal to
the second distance. Alternatively, the first distance can be greater than or less than the second

distance. As described above, the distal ends 228b of each of the pyramidal fins can be spaced
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from the respective proximal ends 228a along a central axis that is normal to the outer surface
224D of the base 222.

[0074] As described above, the pyramidal fins define at least one side wall 238 that
extends between the proximal end 228a and the distal end 228b. For instance, the at least one
side wall 238 can extend from the proximal end 228a to the distal end 228b. In one example, the
at least one side wall 238 can define at least one outer surface that can converge, or be tapered,
along a direction from the proximal end 228a to the distal end 228b. For instance, the at least
one outer surface can converge, or be tapered, from the proximal end 228a to the distal end 228b.
In one example, the at least one outer surface can include a plurality of angled surfaces that are
angled with respect to each other along a plane that extends through the pyramidal fins along a
direction substantially parallel to the outer surface 224b of the base 222. The distal end 228b can
define a maximum distance along two perpendicular lines that extend in a respective plane that is
normal to the central axis. Thus, the distal ends 228b of the pyramidal fins can define an equal
length along two perpendicular lines that are oriented parallel to the outer surface 224b of the
base 222. Similarly, the proximal end 228a can define a maximum distance along two
perpendicular lines that extend in a respective plane that is normal to the central axis. In one
example, each of the two perpendicular lines at proximal end 228a can bisect a rectangle, such as
a square, into a pair of right-angle triangles. Thus, the proximal ends 228a of the pyramidal fins
can define an equal length along two perpendicular lines that are oriented parallel to the outer
surface 224b of the base 222. The lengths at the distal ends 228b can be less than half the length
of the proximal ends 228a. For instance, the distal ends 228b can define substantially pointed
tips.

[0075] Referring to Figs. 1 A-12 generally, it should be appreciated that methods can be
provided for fabricating one or both of the heat sink 204 and the luminaire 200. The method can
include the step of selecting the fin geometry of the at least one of the group of available
geometries, and fabricating the heat sink 204 in any manner described above. The method can
further include the steps of fabricating the luminaire 200 in any manner described above.

[0076] It should be appreciated that the present disclosure can include any one up to all
of the following examples:

[0077] Example 1. A heat sink comprising:
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a base that defines an inner surface configured to be placed in thermal communication
with at least one LED, and an outer surface opposite the inner surface; and

a plurality of plastic fins that project out from the outer surface from a proximal end to a
distal end, wherein at least one group of the plurality of fins defines a fin geometry that is
selected from at least one of a group of available geometries including a linear geometry, an
angled geometry, a radial geometry, a pin-shaped geometry, a pyramidal geometry, and a curved
geometry.

[0078] Example 2. The heat sink as recited in example 1, wherein the linear geometry,
the angled geometry, the curved geometry, and the radial geometry are defined by a direction of
elongation of the distal end of the group of the plurality of fins.

[0079] Example 3. The heat sink as recited in any one of examples 1 to 2, wherein the
at least one group of the plurality of fins comprises a first group of the plurality of fins that
defines a first fin geometry that is selected from the group of available geometries, and a second
group of the plurality of fins that defines a second geometry that is different than the first
geometry and is selected from the group of available geometries.

[0080] Example 4. The heat sink as recited in any one of examples 2 to 3, wherein the
fin geometry is the linear geometry, the distal ends extend along respective linear paths that are
parallel to each other.

[0081] Example 5. The heat sink as recited in any one of examples 2 to 4, wherein the
angled geometry includes a first portion and a second portion that extends from the first portion
at a direction angularly offset with respect to the first portion.

[0082] Example 6. The heat sink as recited in example 5, wherein the second portion
is substantially perpendicular to the first portion.

[0083] Example 7. The heat sink as recited in any one of examples 5 to 6, wherein the
first portions of the group of the plurality of fins are parallel to each other.

[0084] Example 8. The heat sink as recited in any one of examples 5 to 7, wherein the
second portions of the group of the plurality of fins are parallel to each other.

[0085] Example 9. The heat sink as recited in any one of examples 5 to 8, wherein at
least some of the first portions have different lengths.

[0086] Example 10. The heat sink as recited in any one of examples 5 to 9, wherein at

least some of the second portions have different lengths.
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[0087] Example 11. The heat sink as recited in any one of examples 5 to 10, wherein
the group of the plurality of fins defines a first region, and the first portions of the first region
have respective first lengths that increase in a select direction.

[0088] Example 12. The heat sink as recited in example 11, wherein the second
portions of the first region have respective second lengths that increase in the select direction.

[0089] Example 13. The heat sink as recited in any one of examples 11 to 12, wherein
the group of the plurality of fins defines a second region, and the first portions of the second
region have respective first lengths that decrease in the select direction.

[0090] Example 14. The heat sink as recited in example 13, wherein the second
portions of the second region have respective second lengths that decrease in the select direction.

[0091] Example 15. The heat sink as recited in any one of examples 13 to 14, wherein
the second portions are adjoined to the first portion at a junction, and the junctions of the first
and second regions define first and second straight lines, respectively.

[0092] Example 16. The heat sink as recited in example 15, wherein the first and
second straight lines intersect each other.

[0093] Example 17. The heat sink as recited in any one of examples 15 to 16, wherein
at least one of the first and second straight lines is oblique with respect to an outer perimeter of
the heat sink.

[0094] Example 18. The heat sink as recited in any one of examples 15 to 17, wherein
the group of the plurality of fins defines third and fourth regions, such that the junctions of the
third and fourth regions define third and fourth straight lines, respectively.

[0095] Example 19. The heat sink as recited in example 18, wherein the first and third
straight lines are co-linear, and the second and fourth straight lines are co-linear.

[0096] Example 20. The heat sink as recited in example 19, wherein the first and
second lines are perpendicular to each other.

[0097] Example 21. The heat sink as recited in any one of examples 18 to 20, wherein
at least one of the third and fourth straight lines is oblique with respect to an outer perimeter of
the heat sink.

[0098] Example 22. The heat sink as recited in any one of examples 18 to 21, wherein
the first, second, third, and fourth straight lines have equal lengths.

24



WO 2016/151442 PCT/IB2016/051519

[0099] Example 23. The heat sink as recited in any one of examples 18 to 22, wherein
the first, second, third, and fourth regions does not include a fin whereby the first and second
portions have equal lengths.

[0100] Example 24. The heat sink as recited in any one of examples 5 to 22, wherein
the plurality of fins does not include a fin whereby the first and second portions have equal
lengths.

[0101] Example 25. The heat sink as recited in any one of examples 22 to 24, wherein
the group of the plurality of fins whose distal ends define the radial geometry are radial fins, and
the distal ends of the radial fins are each elongate along respective lines that all intersect each
other.

[0102] Example 26. The heat sink as recited in example 25, wherein all of the lines
extend from a common central location.

[0103] Example 27. The heat sink as recited in example 26, wherein the common
central location defines a central point, such all of the respective lines intersect each other at the
central point.

[0104] Example 28. The heat sink as recited in any one of examples 26 to 27, wherein
the distal ends of the fins of the group of the plurality of fins are all spaced from the central
location.

[0105] Example 29. The heat sink as recited in any one of examples 25 to 28, wherein
the distal ends of the fins of the group of the plurality of fins are circumferentially spaced from
each other.

[0106] Example 30. The heat sink as recited in example 29, wherein adjacent ones of
the radial fins are angularly spaced from each other between approximately 4 degrees and
approximately 10 degrees.

[0107] Example 31. The heat sink as recited in any one of examples 29 to 30, wherein
the group of the plurality of fins comprises between and including 36 and 90 radial fins
circumferentially spaced from each other.

[0108] Example 32. The heat sink as recited in any one of examples 29 to 31, wherein
the distal ends of the fins of the group of the plurality of fins are equidistantly spaced from each

other.
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[0109] Example 33. The heat sink as recited in any one of examples 26 to 32, wherein
the distal ends of each of the radial fins defines a second end and a first end that is opposite the
second end and disposed closer to the second end.

[0110] Example 34. The heat sink as recited in example 33, wherein the first ends of
the distal ends of at least some of the radial fins of the group of the plurality of radial fins are
aligned along a circle.

[0111] Example 35. The heat sink as recited in any one of examples 33 to 34, wherein
the radial fins define respective lengths from the first end to the second end, and the lengths of
adjacent ones of the radial fins are different than each other.

[0112] Example 36. The heat sink as recited in any one of examples 33 to 35, wherein
the second ends of at least some of the radial fins are disposed at a perimeter of the outer surface.

[0113] Example 37. The heat sink as recited in any one of examples 33 to 36, wherein
the in the radial configuration, the distal end of the each fins extends along a straight path from
the first end to the second end.

[0114] Example 38. The heat sink as recited in any one of examples 2 to 37, wherein
when the at least one geometry comprises the curved geometry, the at least one group of fins
comprises curved fins whose distal ends are curved along their respective lengths.

[0115] Example 39. The heat sink as recited in example 38, wherein the at least some
of the curved fins are parallel to each other along their respective distal ends.

[0116] Example 40. The heat sink as recited in example 38 to 39, wherein the distal
ends of first ones of the curved fins are parallel to each other, and the distal ends of second ones
of the curved fins are parallel to each other, and the distal ends of the first ones diverge from the
distal ends of the second ones along their respective lengths, so as to define a gap therebetween.

[0117] Example 41. The heat sink as recited in any one of examples 38 to 40, wherein
the first group of fins comprises the curved fins, and the second group of fins define the linear
geometry.

[0118] Example 42. The heat sink as recited in example 41, wherein the second group
of fins are disposed in the gap.

[0119] Example 43. The heat sink as recited in example 42, wherein the distal ends of
the curved fins extend longer along a length than a width, and the second group of fins are

oriented parallel to the length.
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[0120] Example 44. The heat sink as recited in any one of examples 38 to 43, wherein
the distal end is spaced from the proximal end along a direction that is substantially normal to the
outer surface.

[0121] Example 45. The heat sink as recited in any one of examples 38 to 44, wherein
the distal ends of the curved fins define first and second opposed ends, and define a variable
curvature at a location between the first end and the second end.

[0122] Example 46. The heat sink as recited in example 45, wherein the distal ends of
the curved fins define a variable curvature from first end to the second end.

[0123] Example 47. The heat sink as recited in any one of examples 1 to 46, wherein
the fins that define the linear geometry, the angled geometry, the radial geometry, or the curved
geometry define a height from the outer surface to the distal end in a range between and
including approximately 10 mm and approximately 50 mm.

[0124] Example 48. The heat sink as recited in example 47, wherein the distal ends of
the fins that define the linear geometry, the angled geometry, the radial geometry, or the curved
geometry has a width along a direction perpendicular to the direction of elongation of the distal
ends in a range between and including approximately 0.8 mm and approximately 2.0 mm at the
distal end.

[0125] Example 49. The heat sink as recited in any one of examples 47 to 48, wherein
the fins that define the linear geometry, the angled geometry, the radial geometry, or the curved
geometry define opposed side walls that extend from the proximal end to the distal end, and at
least one or both of the side walls converges toward a reference plane that is oriented normal to
the outer surface in a direction from the proximal end to the distal end so as to define a draft
angle with respect to the reference plane, and the draft angle is in a range between and including
approximately 0.1 degree and approximately 3.0 degrees.

[0126] Example 50. The heat sink as recited in any one of examples 47 to 49, wherein
adjacent ones of the fins that define the linear geometry, the angled geometry, the radial
geometry, or the curved geometry are spaced apart a center-to-center distance within a range
between and including approximately 4 mm and approximately 10 mm.

[0127] Example 51. The heat sink as recited in any one of examples 1 to 46, wherein
the fins whose distal ends that define the linear geometry, the angled geometry, the radial

geometry, or the curved geometry are hollow fins having opposed side walls that extend from the
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proximal end to the distal end, and the opposed side walls that define respective inner surfaces
that face each other so as to define a hollow interior therebetween, and respective outer surfaces
opposite the inner surfaces.

[0128] Example 52. The heat sink as recited in example 51, wherein the inner surfaces
of the hollow fins converge toward each other along a direction from the proximal end to the
distal end.

[0129] Example 53. The heat sink as recited in example 52, wherein at least one or both
of the inner surfaces of the hollow fins defines an angle with respect to a plane that is normal to
the outer surface of the base, the angle in a range between and including approximately 0.1
degrees and approximately 2.0 degrees.

[0130] Example 54. The heat sink as recited in any one of examples 51 to 53, wherein
the distal ends of the hollow fins have a thickness at the distal tip along a direction normal to the
elongation of the distal tip, the thickness within a range between and including approximately 2.5
mm and approximately 4.5 mm.

[0131] Example 55. The heat sink as recited in any one of examples 51 to 54, wherein
the hollow fins define a height from the proximal ends to the distal ends within a range between
and including approximately 10 mm and approximately 40 mm.

[0132] Example 56. The heat sink as recited in any one of examples 51 to 55, wherein
adjacent ones of the hollow fins are spaced apart a center-to-center distance within a range
between and including approximately 6 mm and approximately 12 mm.

[0133] Example 57. The heat sink as recited in any one of examples 51 to 56, wherein
the hollow fins define a thickness between the inner surfaces of the opposed side walls at a
location midway between the proximal end and the distal end of the fin, wherein the thickness is
in a range between and including approximately 0.8 mm and 2.0 mm.

[0134] Example 58. The heat sink as recited in any one of examples 51 to 57, wherein
the hollow interior is filled with a thermally conductive paste.

[0135] Example 59. The heat sink as recited in any one of examples 1 to 58, wherein
the fins having the pin-shaped geometry are arranged in a pin field that includes rows of pin-
shaped fins and columns of pin-shaped fins that are angularly offset with respect to the rows.

[0136] Example 60. The heat sink as recited in example 59, wherein the columns are

oriented perpendicular to the rows.
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[0137] Example 61. The heat sink as recited in any one of examples 59 to 60, wherein
the distal ends of each of the pin-shaped fins are spaced from the proximal end along a direction
that 1s normal to the outer surface.

[0138] Example 62. The heat sink as recited in any one of examples 59 to 61, wherein
each of the pin-shaped fins define at least one outer surface from the proximal end to the distal
end.

[0139] Example 63. The heat sink as recited in example 62, wherein the at least one
outer surface is a round outer surface.

[0140] Example 64. The heat sink as recited in example 63, wherein the at least one
outer surface is a substantially cylindrical outer surface.

[0141] Example 65. The heat sink as recited in any one of examples 59 and 64, wherein
adjacent ones of the pin-shaped fins of the rows are spaced from each other a first distance,
adjacent ones of the pin-shaped fins of the columns are spaced from each other a second
distance, and the first distance is equal to the second distance.

[0142] Example 66. The heat sink as recited in any one of examples 59 to 65, wherein
each of the proximal ends of the group of the plurality of fins defines an equal length along two
perpendicular lines that are oriented parallel to the outer surface.

[0143] Example 67. The heat sink as recited in example 66, wherein each of the distal
ends of the group of the plurality of fins defines an equal length along two perpendicular lines
that are oriented parallel to the outer surface.

[0144] Example 68. The heat sink as recited in example 67, wherein the each of the
distal ends defines a maximum distance along a respective plane that is parallel to the outer
surface of the base, and each of the proximal ends defines a maximum distance along a
respective plane that is parallel to the outer surface of the base, wherein the maximum distance
of the distal end is in a range between and including half the maximum distance of the proximal
ends and an entirety of the maximum distance of the proximal ends.

[0145] Example 69. The heat sink as recited in example 68, wherein the maximum
distance at each of the distal ends is between 80 percent and the entirety of the maximum
distance of the proximal ends.

[0146] Example 70. The heat sink as recited in any one of examples 59 to 69, wherein

the distal ends of the pin-shaped fins are substantially circular.
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[0147] Example 71. The heat sink as recited in any one of examples 2 to 70, wherein
the fins whose distal ends define the pyramidal geometry are pyramidal fins arranged in a matrix
that includes rows of pyramidal fins and columns of pyramidal fins that are angularly offset with
respect to the rows.

[0148] Example 72. The heat sink as recited in example 71, wherein the columns of the
matrix are oriented perpendicular to the rows of the matrix.

[0149] Example 73. The heat sink as recited in any one of examples 71 to 72, wherein
the distal ends of each of the pyramidal fins are spaced from the proximal end along a direction
that 1s normal to the outer surface.

[0150] Example 74. The heat sink as recited in any one of examples 71 to 73, wherein
each of the pyramidal fins defines at least one outer surface that converges from the proximal
end to the distal end.

[0151] Example 75. The heat sink as recited in example 74, wherein the at least one
outer surface comprises a plurality of angled surfaces that are angled with respect to each other
along a plane that extends through the pyramidal fins along a direction substantially parallel to
the outer surface.

[0152] Example 76. The heat sink as recited in any one of examples 71 to 75, wherein
adjacent ones of the pyramidal fins of the rows of the matrix are spaced from each other a first
distance, adjacent ones of the pyramidal fins of the columns of the matrix are spaced from each
other a second distance, and the first distance is equal to the second distance.

[0153] Example 77. The heat sink as recited in any one of examples 71 to 76, wherein
each of the proximal ends of the group of the pyramidal fins defines an equal length along two
perpendicular lines that are oriented parallel to the outer surface.

[0154] Example 78. The heat sink as recited in example 77, wherein each of the distal
ends of the group of the plurality of fins defines an equal length along two perpendicular lines
that are oriented parallel to the outer surface.

[0155] Example 79. The heat sink as recited in example 78, wherein the length at each
of the distal ends is less than half the length at each of the proximal ends.

[0156] Example 80. The heat sink as recited in example 79, wherein the distal ends
define substantially pointed tips.
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[0157] Example 81. The heat sink as recited in any one of examples 1 to 80, wherein
the base has a thickness from the inner surface to the outer surface in a range between and
including approximately 1.5 mm and approximately 3.5 mm.

[0158] Example 82. The heat sink as recited in any one of examples 1 to 81, wherein
the fins are continuous along their respective directions of elongation.

[0159] Example 83. The heat sink as recited in any one of examples 1 to 82, wherein
the fins are continuous from their proximal ends to their distal ends.

[0160] Example 84. The heat sink as recited in any one of examples 1 to 83, wherein
the distal ends of the fins are free ends.

[0161] Example 85. The heat sink as recited in any one of examples 1 to 84, wherein
fins are made from a plastic material.

[0162] Example 86. The heat sink as recited in example 85, wherein the plastic material
is a thermoplastic.

[0163] Example 87. The heat sink as recited in example 86, wherein the plastic material
of the fins has a through-plane thermal conductivity within a range of approximately 0.5 and
approximately 5 W/m-k.

[0164] Example 88. The heat sink as recited in any one of examples 85 to 87, wherein
the outer surface is made from the plastic material.

[0165] Example 89. The heat sink as recited in any one of examples 85 to 88, wherein
the fins are monolithic with the outer surface.

[0166] Example 90. The heat sink as recited in any one of examples 85 to 89, wherein
an entirety of the heat sink 1s made from the plastic material.

[0167] Example 91. The heat sink as recited in any one of examples 85 to 90, wherein
the fins are monolithic with the base.

[0168] Example 92. The heat sink as recited in any one of examples 85 to 89, wherein
the plastic material comprises of the fins comprises a first plastic material, and the base further
comprises a second plastic material different than the first plastic material.

[0169] Example 93. The heat sink as recited in example 92, wherein a first portion of
the base and a first portion of the plurality of fins comprises the first plastic material, and a
second portion of the base different than the first portion of the base comprises the second plastic

material.
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[0170] Example 94. The heat sink as recited in example 93, wherein at least a portion
of the first portion is surrounded by at least a portion of the second portion.

[0171] Example 95. The heat sink as recited in example 94, wherein the first portion is
surrounded by the second portion.

[0172] Example 96. The heat sink as recited in example 93, wherein the first plastic
material has a first thermal conductivity, and the second plastic material has a second thermal
conductivity less than the first thermal conductivity.

[0173] Example 97. The heat sink as recited in any one of examples 93 to 96, wherein
the first plastic material has a through-plane thermal conductivity within a range of
approximately 0.5 and approximately 5 W/m-k.

[0174] Example 98. The heat sink as recited in any one of examples 93 to 97, wherein
all of the fins are supported by the second portion.

[0175] Example 99. The heat sink as recited in any one of examples 93 to 97, wherein
the plurality of fins combine to define a surface area, and the first portion carries more of the
surface area than the second portion.

[0176] Example 100. The heat sink as recited in any one of examples 93 to 97,
wherein the first portion is monolithic with the second portion.

[0177] Example 101. The heat sink as recited in example 100, wherein the first
portion is co-injected with the second portion.

[0178] Example 102. The heat sink as recited in any one of examples 93 to 97,
wherein the first portion is attached to the second portion.

[0179] Example 103. The heat sink as recited in any one of examples 93 to 102,
wherein the first plastic material comprises a thermoplastic, and the second plastic material
comprises a thermoplastic.

[0180] Example 104. The heat sink as recited in any one of examples 85 to 89,
wherein the heat sink further comprises an electrically conductive material.

[0181] Example 105. The heat sink as recited in example 104, wherein the
electrically conductive material comprises a metal.

[0182] Example 106. The heat sink as recited in example 105, wherein the base

comprises a metal.
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[0183] Example 107. The heat sink as recited in any one of examples 105 to 106,
wherein at least a portion of the inner surface of the base is defined by the metal.

[0184] Example 108. The heat sink as recited in any one of examples 105 to 107,
wherein the metal is substantially encapsulated by the plastic material.

[0185] Example 109. The heat sink as recited in any one of examples 104 to 108,
wherein the metal is overmolded by the plastic material.

[0186] Example 110. The heat sink as recited in any one of examples 105 to 109,
wherein the metal comprises a metal plate.

[0187] Example 111. The heat sink as recited in any one of examples 1 to 87,
wherein the outer surface of the base is spaced from the inner surface of the base along a
transverse direction, and the base comprises a first end and a second end opposite the first end
along a longitudinal direction that is perpendicular to the transverse direction, wherein the first
end comprises the plastic material, the fins project out from the outer surface at the first end, and
the outer surface 1s substantially smooth at the second end.

[0188] Example 112. The heat sink as recited in example 111, wherein the
second end is plastic.

[0189] Example 113. The heat sink as recited in example 112, wherein the
second end comprises the plastic material.

[0190] Example 114. The heat sink as recited in example 113, wherein the
second end comprises a plastic material different than the plastic material.

[0191] Example 115. The heat sink as recited in example 114, wherein the plastic
material of the second end has a lower thermal conductivity than the plastic material of the fins.

[0192] Example 116. The heat sink as recited in any one of examples 111 to 115,
wherein the plastic material of the second end is monolithic with the plastic material of the first
end.

[0193] Example 117. The heat sink as recited in example 116, wherein the first
end and the second end are co-injected.

[0194] Example 118. The heat sink as recited in example 111, wherein the
second end is electrically conductive.

[0195] Example 119. The heat sink as recited in example 118, wherein the

second end 1s metallic.
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[0196] Example 120. The heat sink as recited in any one of examples 111 to 119,
wherein the first and second ends are attached to each other.

[0197] Example 121. The heat sink as recited in example 120, wherein the first
end includes at least one first attachment member, and the second end includes at least one
second attachment member that is configured to mate with the at least one first attachment
member so as to attach the first and second ends to each other.

[0198] Example 122. The heat sink as recited in any one of examples 121 to 121,
wherein the outer surface of the base at the second end is substantially coplanar with the distal
ends of the fins.

[0199] Example 123. The heat sink as recited in any one of examples 111 to 122,
wherein the first end comprises first and second sides spaced from each other along a lateral
direction that is perpendicular to both the transverse direction and the longitudinal direction, the
plurality of fins includes first ones that project out from the outer surface at the first side, and
second ones that project out from the outer surface at the second side.

[0200] Example 124. The heat sink as recited in example 123, wherein the group
of the plurality of fins includes the first and second ones of the plurality of fins.

[0201] Example 125. The heat sink as recited in any one of examples 123 and
124, wherein the first and second sides are monolithic with each other.

[0202] Example 126. The heat sink as recited in any one of examples 123 to 124,
wherein the first side and the second side are attached to each other.

[0203] Example 127. The heat sink as recited in any one of examples 123 to 126,
wherein the first side includes at least one attachment member, the second side includes at least
one attachment member, and the second end includes at least a pair of attachment members that
are configured to attach to respective ones of the at least one attachment member of the first side
and the at least one attachment member of the second side, so as to attach each of the first and
second sides to the second end.

[0204] Example 128. A luminaire comprising;

a housing component that includes a lens;

the heat sink as recited in any one of examples 1 to 120 at least partially supported by the
housing component such that an interior space is disposed between the at least one housing

component the heat sink; and
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an LED panel disposed in the interior space, the LED panel including at least one LED
configured to produce illumination, such that at least a portion of the illumination is directed
through the lens.

[0205] Example 129. The luminaire as recited in example 128, wherein a straight
line extending through the lens and the LED panel also passes through one of the fins.

[0206] Example 130. The luminaire as recited in any one of examples 128 to 129,
wherein the LED panel includes an LED substrate and the at least one LED supported by the
LED substrate, wherein the LED substrate is disposed between the at least one LED and the fins.

[0207] Example 131. The luminaire as recited in any one of examples 128 to 130,
wherein the heat sink is attached to the housing component such that the interior space is defined
by the heat sink and the housing component.

[0208] Example 132. A luminaire comprising;

a housing component that defines a first end and a second end spaced from the first end,
wherein the housing component includes a lens;

the heat sink as recited in any one of examples 111 to 122 at least partially supported by
the housing component such that an interior space is disposed between the at least one housing
component the heat sink, wherein the first end of the heat sink is aligned with the first end of the
housing, and the second end of the heat sink is aligned with the second end of the housing;

a driver disposed in the interior space at the second end of the heat sink; and

an LED panel disposed in the interior space at the first end of the heat sink, the LED
panel including at least one LED in electrical communication with the driver and configured to
produce illumination, such that at least a portion of the illumination is directed through the lens.

[0209] Example 133. The luminaire as recited in example 132, wherein a straight
line extending through the lens and the LED panel also passes through one of the fins.

[0210] Example 134. The luminaire as recited in any one of examples 132 to 133,
wherein the LED panel includes an LED substrate and the at least one LED supported by the
LED substrate, wherein the LED substrate is disposed between the at least one LED and the fins.

[0211] Example 135. The luminaire as recited in any one of examples 132 to 134,
wherein the heat sink is attached to the housing so as to define the interior space between the
heat sink and the housing, wherein the first end of the housing is aligned with the first end of the

heat sink, and the second end of the housing is aligned with the second end of the heat sink.
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[0212] Example 136. A luminaire comprising;

a housing component that defines a first end and a second end, wherein the first end
defines a first side that includes a first lens, and a second side that includes a second lens;

the heat sink as recited in any one of examples 123 to 127 at least partially supported by
the housing component such that an interior space is disposed between the at least one housing
component the heat sink, wherein the first side of the heat sink is aligned with the first side of the
housing component, the second side of the heat sink is aligned with the second side of the
housing component, and the second end of the heat sink is aligned with the second end of the
housing component;

a driver disposed in the interior space at the second end of the housing component;

a first LED panel disposed in the interior space between the first side of the housing
component and the first side of the heat sink, the first LED panel including at least one first LED
in electrical communication with the driver and configured to produce illumination, such that at
least a portion of the illumination is directed through the first lens; and

a second LED panel disposed in the interior space between the second side of the housing
component and the second side of the heat sink, the second LED panel including at least one
second LED i1n electrical communication with the driver and configured to produce illumination,
such that at least a portion of the illumination is directed through the second lens.

[0213] Example 137. The luminaire as recited in example 136, wherein a straight
line extending through the first lens and the first LED panel also passes through a fin of the first
side of the heat sink.

[0214] Example 138. The luminaire as recited in any one of examples 136 to 137,
wherein a second straight line extending through the second lens and the second LED panel also
passes through a fin of the second side of the heat sink.

[0215] Example 139. The luminaire as recited in any one of examples 136 to 138,
wherein the heat sink is attached to the housing so as to define the interior space between the
heat sink and the housing.

[0216] Example 140. A method of fabricating the heat sink as recited in any one
of examples 1 to 127, the method comprising the step of selecting the fin geometry of the at least

one of the group of available geometries.
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[0217] Example 141. A method of fabricating the luminaire as recited in any one
of examples 128 to 131, the method comprising the step of selecting the fin geometry of the at
least one of the group of available geometries.

[0218] Example 142. A method of fabricating the luminaire as recited in any one
of examples 132 to 135, the method comprising the step of selecting the fin geometry of the at
least one of the group of available geometries.

[0219] Example 143. A method of fabricating the luminaire as recited in any one
of examples 136 to 139, the method comprising the step of selecting the fin geometry of the at
least one of the group of available geometries.

[0220] The foregoing description is provided for the purpose of explanation and is not
to be construed as limiting the invention. While various embodiments have been described with
reference to preferred embodiments or preferred methods, it is understood that the words which
have been used herein are words of description and illustration, rather than words of limitation.
Furthermore, although the embodiments have been described herein with reference to particular
structure, methods, and embodiments, the invention is not intended to be limited to the
particulars disclosed herein. For instance, it should be appreciated that structure and methods
described 1n association with one embodiment are equally applicable to all other embodiments
described herein unless otherwise indicated. Those skilled in the relevant art, having the benefit
of the teachings of this specification, may effect numerous modifications to the invention as
described herein, and changes may be made without departing from the spirit and scope of the

invention, for instance as set forth by the appended claims.
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What is Claimed:

1. A heat sink comprising:

a base that defines an inner surface configured to be placed in thermal communication
with at least one LED, and an outer surface opposite the inner surface; and

a plurality of plastic fins that project out from the outer surface from a proximal end to a
distal end, wherein at least one group of the plurality of fins defines a fin geometry that is
selected from at least one of a group of available geometries including a linear geometry, an
angled geometry, a radial geometry, a pin-shaped geometry, a pyramidal geometry, and a curved
geometry,

wherein the linear geometry, the angled geometry, the curved geometry, and the radial
geometry are defined by a direction of elongation of the distal end of the group of the plurality of

fins along the outer surface.

2. The heat sink as recited in claim 1, wherein the at least one group of the plurality of fins
comprises a first group of the plurality of fins that defines a first fin geometry that is selected
from the group of available geometries, and a second group of the plurality of fins that defines a
second geometry that is different than the first geometry and is selected from the group of

available geometries.

3. The heat sink as recited in any one of the preceding claims, wherein fins are made from a
plastic material having a through-plane thermal conductivity within a range of approximately

0.5 and approximately 5 W/m-k.

4. The heat sink as recited in any one of the preceding claims, wherein the fins are

monolithic with the outer surface.

S. The heat sink as recited in any one of the preceding claims, wherein the plastic material
comprises of the fins comprises a first plastic material, and the base further comprises a second

plastic material different than the first plastic material.

6. The heat sink as recited in any one of claims 1 to 4, wherein the base comprises a metal.
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7. The heat sink as recited in any one of the preceding claims, wherein when the distal ends
of the fins define the linear geometry, the angled geometry, the radial geometry, or the curved
geometry, the fins are hollow fins having opposed side walls that extend from the proximal end
to the distal end, and the opposed side walls that define respective inner surfaces that face each
other so as to define a hollow interior therebetween, and respective outer surfaces opposite the

mner surfaces.

8. The heat sink as recited in any one of the preceding claims, wherein when the fins define
the linear geometry, the angled geometry, the radial geometry, or the curved geometry, the fins
define a height from the outer surface to the distal end in a range between and including

approximately 10 mm and approximately 50 mm.

9. The heat sink as recited in any one of the preceding claims, wherein when the fins have
the pin-shaped geometry, the pins are arranged in a pin field that includes rows of pin-shaped

fins and columns of pin-shaped fins that are angularly offset with respect to the rows.

10. The heat sink as recited in any one of the preceding claims, wherein the base has a
thickness from the inner surface to the outer surface in a range between and including

approximately 1.5 mm and approximately 3.5 mm.

11. A luminaire comprising:

a housing component that includes a lens;

the heat sink as recited in claim 1 at least partially supported by the housing component
such that an interior space is disposed between the at least one housing component the heat sink;
and

an LED panel disposed in the interior space, the LED panel including at least one LED
configured to produce illumination, such that at least a portion of the illumination is directed

through the lens.

39



WO 2016/151442 PCT/IB2016/051519




WO 2016/151442 PCT/IB2016/051519

2710

A

204
228 E

A

|
§

226q Fa.2A




WO 2016/151442 PCT/IB2016/051519

3710

204,

R Y iengencrogey

e e




WO 2016/151442 PCT/IB2016/051519

4710

T 208g




WO 2016/151442 PCT/IB2016/051519

/10




WO 2016/151442 PCT/IB2016/051519




WO 2016/151442 PCT/IB2016/051519

4 24s ;
m{%\‘:\f ¢ / ’}/ ;/24 i,,zgs /f}.‘iﬁ% L




WO 2016/151442 PCT/IB2016/051519

8710

228

A
204
\\ 2385 2p4q 2400 /29% E
L
2400 e
\ ..............................
224&)/1 — \
SRR 3
‘\
258
258a 298 222




PCT/IB2016/051519

WO 2016/151442

8/10




WO 2016/151442 PCT/IB2016/051519

107190

2824

228

282b

284

284
204 2040 )
_ § [ S——— T

224w f L

A

_ |[5o958d55988 =

Pt e




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2016/051519
A CLASSIFICATION OF SUBJECT MATTER
INV. F21v29/87 F21v29/74 F21v29/80 F21v29/83
ADD. F21Y115/10

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F21V  F21Y

Minimum documentation searched {classification system followed by classification symbols)

Documentation searshed other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

12 May 2011 (2011-05-12)

figures 1,2

paragraph [0038] - paragraph [0059]

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20137021777 Al (PICKARD PAUL KENNETH 1-6,8,
[US] ET AL) 24 January 2013 (2013-01-24) 10,11
paragraph [0028] - paragraph [0044]
figures 1-10B
X DE 10 2006 001947 Al (KOMPLED GMBH & CO KG 1-10
[DE]) 29 March 2007 (2007-03-29)
paragraph [0027] - paragraph [0040]
figures 1-4
X US 20117110107 Al (KAWATO HIROSHI [JP]) 1-6,8-11

-/--

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" documentwhich may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or sannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

'&" document member of the same patent family

Date of the actual completion of the international search

7 June 2016

Date of mailing of the international search report

17/06/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswilk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Demirel, Mehmet

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2016/051519

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 2008/310167 Al (ZADEREJ VICTOR [US] ET
AL) 18 December 2008 (2008-12-18)
paragraph [0132] - paragraph [0144]
figures 9-13

US 2010/014289 Al (THOMAS JAMES [US] ET
AL) 21 January 2010 (2010-01-21)
paragraph [0028] - paragraph [0041]
figures 4-13

WO 20117079643 Al (KUAN TECH BEIHAI CO LTD
[CN]; CHENG CHUN-GHENG [CN])

7 July 2011 (2011-07-07)

the whole document

1-6,8-10

1-6,8-11

1-11

Form PCT/ISA210 (continuation of second sheet) [Aptil 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

PCT/IB2016/051519
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2013021777 Al 24-01-2013 CN 103814251 A 21-05-2014
EP 2734783 Al 28-05-2014
Us 2013021777 Al 24-01-2013
WO 2013016001 Al 31-01-2013
DE 102006001947 Al 29-03-2007 DE 102006001947 Al 29-03-2007
EP 1762432 A2 14-03-2007
US 2011110107 Al 12-05-2011 CN 102084178 A 01-06-2011
EP 2299168 Al 23-03-2011
JP 5198165 B2 15-05-2013
JP 2010009770 A 14-01-2010
KR 20110022073 A 04-03-2011
TW 201017035 A 01-05-2010
Us 2011110107 Al 12-05-2011
WO 2009157370 Al 30-12-2009
US 2008310167 Al 18-12-2008 CN 101765740 A 30-06-2010
CN 101765741 A 30-06-2010
CN 102638943 A 15-08-2012
DE 112608001425 T5 15-04-2010
JP 5037683 B2 03-16-2012
JP 2010528435 A 19-08-2010
TW 200912192 A 16-03-2009
TW 200918822 A 01-05-2009
US 2008307646 Al 18-12-2008
Us 2008310167 Al 18-12-2008
WO 2008148029 Al 04-12-2008
WO 2008148036 Al 04-12-2008
US 2010014289 Al 21-01-2010 US 2008310162 Al 18-12-2008
Us 2010014289 Al 21-01-2010
Us 2012294000 Al 22-11-2012
US 2015070891 Al 12-03-2015
US 2016003464 Al 07-01-2016
WO 2011079643 Al 07-07-2011  NONE

Form PCT/ISA210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - claims
	Page 41 - claims
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - wo-search-report
	Page 53 - wo-search-report
	Page 54 - wo-search-report

