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HEAT SINK

A heatsink that is sized and shaped to permit

positioning multiple adjustable luminaires in close prox-
imity to one another without the heatsinks on the adjust-
able luminaires contacting one another or otherwise im-
peding luminaire adjustment. The size and shape of the
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FIG. 2

heatsink of the adjustable luminaire can be determined
based on the center-to-center distance desired between
the adjustable luminaires and the angle of tilt desired for
the adjustable luminaires.
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Description
FIELD OF THE INVENTION

[0001] Embodiments of the present invention relate to
heatsinks.

BACKGROUND OF THE INVENTION

[0002] Thermal management is of paramount impor-
tance in luminaire design. The light sources used in lu-
minaires heat up during use, which can detrimentally im-
pact the efficiency and life expectancy of such light sourc-
es. Heatsinks have been incorporated in luminaires to
facilitate heat dissipation from the light sources. Such
heat dissipation can result both from conduction of heat
from the light sources via the heatsink as well as transfer
of heat to the air circulating through and around the light
sources and heatsink. Such air consequently heats up
and rises, thereby carrying heat away from the luminaire
via convection.

[0003] Luminaires are used in a variety of settings, in-
cluding outdoor and indoor spaces. To accommodate dif-
ferences in the arrangement of different sites, luminaires
may be configurable or adjustable at the time of mounting
so that light from the luminaire may be directed to where
it is desired.

SUMMARY OF THE INVENTION

[0004] The terms "invention," "the invention," "this in-
vention" and "the present invention" used in this patent
are intended to refer broadly to all of the subject matter
of this patent and the patent claims below. Statements
containing these terms should not be understood to limit
the subject matter described herein or to limit the mean-
ing or scope of the patent claims below. Embodiments
of the invention covered by this patent are defined by the
claims below, not this summary. This summary is a high-
level overview of various aspects of the invention and
introduces some of the concepts that are further de-
scribed in the Detailed Description section below. This
summary is not intended to identify key or essential fea-
tures of the claimed subject matter, nor is it intended to
be used inisolation to determine the scope of the claimed
subject matter. The subject matter should be understood
by reference to the entire specification of this patent, all
drawings and each claim.

[0005] Embodiments of the present invention are di-
rected to luminaires, specifically luminaires that can be
adjusted to control the direction of light. An adjustable
luminaire may be adjusted by tilting and/or rotating of the
luminaire. The adjustable luminaire can include a heat-
sink that is sized and shaped to permit positioning mul-
tiple adjustable luminaires in close proximity to one an-
other without the heatsinks of the adjustable luminaires
contacting one another or otherwise impeding luminaire
adjustment. The size and shape of the heatsink of the
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adjustable luminaire can be determined based at least
in part on the center-to-center distance desired between
the heatsinks and the maximum angle of tilt desired for
the adjustable luminaires about a selected pivot point.
[0006] In some aspects of the invention, the luminaire
may be a non-adjustable luminaire. The luminaire may
include a heatsink that comprises pin fins extending from
a base plate of the heatsink. The pin fins can be bent
outwardly towards an outer edge of the base plate of the
heatsink such that the tips of the pin fins may extend
beyond the base plate of the heatsink. The distance the
outer pin fins extend beyond the outer edge of the base
plate can correspond to a maximum diameter of the heat-
sink. The maximum diameter of the heatsink can be
greater than the diameter of the base plate of the heat-
sink.

BRIEF DESCRIPTION OF THE FIGURES

[0007] lllustrative embodiments of the present inven-
tion are described in detail below with reference to the
following drawing figures:

FIG. 1A is a schematic depiction of two heatsinks
positioned at a center-to-center distance C, accord-
ing to embodiments of the present disclosure.

FIG. 1B is a model cylinder depicting the center-to-
center distance between two heatsinks, according
to embodiments of the present disclosure.

FIG. 1C is a schematic depiction of the model cylin-
der positioned at an initial angle and the model cyl-
inder positioned at a maximum tilt angle, according
to embodiments of present disclosure.

FIG. 1D is a schematic depiction of the geometric
boundaries of one embodiment of a heatsink.

FIG. 2 is a top perspective view of a heatsink that
falls within the geometric dimensions depicted in
FIG. 1D, according to embodiments of the present
disclosure.

FIG. 3 is a top perspective view of a heatsink that
falls within the geometric dimensions depicted in
FIG. 1D, according to embodiments of the present
disclosure.

FIG. 4 is a top perspective view of a heatsink that
falls within the geometric dimensions depicted in
FIG. 1D, according to embodiments of the present
disclosure.

FIG. 5 is a top perspective view of a heatsink that
falls within the geometric dimensions depicted in
FIG. 1D, according to embodiments of the present
disclosure.
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FIG. 6 is a perspective view of two luminaires having
heatsinks according to embodiments of the present
disclosure.

FIG. 7 is a side view of three luminaires having heat-
sinks according to embodiments of the present dis-
closure.

FIG. 8 depicts a method of determining the geometric
dimensions of a heatsink, according to embodiments
of the present disclosure.

FIG. 9 is a block diagram depicting an example of a
computing device for performing the method of FIG.
8.

FIG. 10 is a side view of a heatsink, according to
embodiments of the present disclosure.

FIG. 11 is a top view of the heatsink of FIG. 10, ac-
cording to embodiments of the present disclosure.

FIG. 12 is a perspective view of the heatsink of FIG.
10, according to embodiments of the present disclo-
sure.

DETAILED DESCRIPTION

[0008] The subject matter of embodiments of the
present invention is described here with specificity to
meet statutory requirements, but this description is not
necessarily intended to limit the scope of the claims. The
claimed subject matter may be embodied in other ways,
may include different elements or steps, and may be used
in conjunction with other existing or future technologies.
This description should not be interpreted as implying
any particular order or arrangement among or between
various steps or elements except when the order of in-
dividual steps or arrangement of elements is explicitly
described.

[0009] Certain embodiments of the present invention
provide a heatsink that is sized and shaped to permit
positioning adjustable luminaires in close proximity to
one another without the heatsinks interfering with one
another during adjustment of the luminaires. The heat-
sinks of the adjustable luminaires can be sized and
shaped to permit clearance of one another during tilting
and rotation of the adjustable luminaires. In some em-
bodiments, the size and shape of the heatsink can be
determined based on the center-to-center distance be-
tween the heatsinks and the maximum desired angle of
tilt of the luminaires. The heatsink can comprise contin-
uous fins, pin fins, or a solid material and may be man-
ufactured using cold forging, impact forging, extrusion,
casting, machining, sintering, or other suitable manufac-
turing methods. The heatsink can comprise aluminum,
copper, or other suitable materials for conducting heat.
[0010] In some embodiments, the heatsinks are
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formed using an impact forging process. Impact forging
is a cold process that starts with a metallic form (e.g., a
metal billet) and effectively shapes the form as desired
using an impactive force. This is in contrast to die casting
whereby molten metal is forced under high pressure into
a mold cavity to create the desired shape. With impact
forging, the fins may be positioned closer together than
with the die casting process so that more fins may be
provided on a given heatsink footprint. The fins may be
positioned closer together with impact forging at least
because impact forging does not require a draft, while
die casting requires a draft, which thickens the features
of the fin. Additional fins result in more surface area for
heat transfer and consequently a heatsink with better
thermal management properties. Impact forging also per-
mits the use of 6000 series aluminum (e.g., aluminum
6061: http://asm.matweb.com/search/SpecificMateri-
al.asp?bassnum=MA6061t6) which is more thermally
conductive than other types of aluminum. Such aluminum
is not suitable in the traditional die-casting process; for
example, aluminum 6061 may be more suited to appli-
cations that require heat treatment while aluminum 383,
and other traditional casting alloys, are formulated for
flowing in molds used for casting.

[0011] In certain embodiments, the heatsinks of the
adjacent luminaires may be shaped to permit the heat-
sinks to clear each other during tilting and rotation of the
luminaires. In some aspects, the heatsinks of the lumi-
naires can tilt between about 0 degrees and about 60
degrees (measured from an original position, which can
be - but does not have to be - the position of the heat
sink prior to any tilting of the luminaire) about a pivot
point, and may be rotatable up to 365 degrees. As shown
in FIGs. 1A-1D, the size and shape parameters of the
heatsinks can be dictated in part based on the desired
center-to-center spacing C (shown in FIG. 1A) between
two adjacent heatsinks 100, 102. In some aspects, more
than two heatsinks may be used.

[0012] As shown in FIG. 1B, a 3-dimensional model
cylinder 104 may have a diameter C, which is equal to
the desired center-to-center spacing between the heat-
sinks 100, 102. The model cylinder 104 may also have
a height H. The height H may be essentially infinite in
height. FIG. 1C depicts the model cylinder 104 positioned
in an original position of the heatsinks 100, 102 during
installation, shown in FIG. 1C as a vertical position. In
some embodiments, the heatsinks 100, 102 may be in a
different original position, for example at a tilt angle of 10
degrees, or any other suitable position. The diameter C
and the height H of the model cylinder 104 represent the
geometrical constraints on each heatsink 100, 102 at the
original position.

[0013] A 3-dimensional tilted model cylinder 104’ may
be mapped over the 3-dimensional model cylinder 104
by positioning the tilted model cylinder 104’ ata maximum
tilt angle T relative to the original position. The maximum
tilt angle T can represent the maximum contemplated
angle at which the heatsinks 100, 102 may be tilted in an
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installation. The tilted model cylinder 104’ can be tilted
at a pivot point 110, which may be selected based on the
installation. The height of the tilted model cylinder 104’
and the model cylinder 104 may be essentially infinite
and may be determined based on manufacturing capa-
bilities and other desired characteristics of the installa-
tion, for example but not limited to the geometric con-
straints of the heatsinks 100, 102. As shown in FIG. 1C,
the tilted model cylinder 104’ is therefore positioned at
the maximum tilt angle T about the pivot point 110. The
tilted model cylinder 104’ can represent the geometrical
constraints on the size of the heatsinks 100, 102 when
they are tilted up to the maximum tilt angle T from their
original position (shown in FIG. 1C as vertical).

[0014] AsshowninFIG. 1C, the shape and size of the
heatsinks 100, 102 having a center-to-center distance C
(shown in FIG. 1A) and a maximum tilt angle T about a
pivot point 110 can be defined by the overlapping regions
of the model cylinder 104 and the tilted model cylinder
104’ (shown as region 112). Any portion of the model
cylinder 104 that does not overlap with the tilted model
cylinder 104’ (e.g., region 114) is a portion of the heat-
sinks 100, 102 that would fall outside the geometric
bounds of the heatsinks 100, 102. Similarly, any portion
of the tilted model cylinder 104’ that does not overlap with
the model cylinder 104 (e.g., regions 116, 118) also falls
outside of the geometric bounds of the heatsinks 100,
102.

[0015] As shown in FIGs. 1C and 1D, the portions of
the model cylinder 104 and the tilted model cylinder 104’
that overlap one another, shown as region 112, can de-
fine the geometric bounds of the heatsinks 100, 102 that
permit the heatsinks to be placed at a center-to-center
distance C (shown in FIG. 1A) and up to a maximum tilt
angle T about a pivot point 110 without the heatsinks
100, 102 interfering with one another during rotation and
tilting. Region 112 caninclude an upper portion 120 which
may be narrower than alower portion 122. The heatsinks
100, 102 may be of any shape or size that falls within the
geometric bounds of region 112. The final dimensions
(size, shape, etc.) of the heatsinks 100, 102 that fall within
the dimensions of the region 112 may be selected based,
for example, on a desired amount of surface area for
conducting heat away from the luminaire, as well as myr-
iad other factors.

[0016] Region 112 is merely an exemplary embodi-
ment and certainly heatsinks contemplated herein are
not intended to be limited to sizes and shapes that fall
within the particular size and shape of region 112. The
actual dimensions of the heatsink selected for the instal-
lation can be any dimensions that fit within the geometric
boundaries determined as set forth above. In some em-
bodiments, the actual dimensions of the heatsink may
be less than the maximum dimensions, while in other
embodiments, the actual dimensions of the heatsink may
be approximately equal to the maximum dimensions. The
actual dimensions of the heatsink may be determined
based on the desired level of conductivity of heat for each
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heatsink, or other features or characteristics of the instal-
lation. Moreover, embodiments of the invention are di-
rected to the heatsinks themselves regardless of the
methodology used to design the heatsinks. In other
words, the methodology explained with respect to FIGS.
1A-1D is not required to be used in the design of the
heatsink embodiments disclosed herein.

[0017] FIG. 2 depicts a heatsink 200 that falls within
the geometric dimensions of the region 112 (shown in
FIG. 1D), according to embodiments of the present dis-
closure. The heatsink 200 can include a base plate 202
from which multiple fins, for example discrete pin fins 204
extend. In use, the heatsink 200 would be mounted to a
luminaire via the base plate 202. The heatsink base
plates contemplated herein are not limited to the specific
shapes illustrated herein. Rather, they may be of any
shape (polygon, rectilinear, oval, round, etc.) within the
geometric constraints of the region 112 of FIG. 1D and
suitable for attachment to a luminaire.

[0018] Thepinfins 204 illustrated herein have acircular
cross-sectional shape. However, the pin fins 204 may
have different shapes (e.g., triangular, square, etc.)
and/or be of different sizes. Nor must the size and/or
shape of all of the pins on a single heatsink be identical.
For example, some pin fins 204 on a heatsink may have
a triangular cross-section while others have a circular
cross-section. Moreover, some pin fins 204 may have a
larger diameter and/or cross-sectional area than other
pin fins 204. In some examples, continuous fins and pin
fins 204 may both be used.

[0019] The pin fins 204 may be provided on the base
plate 202 of the heatsink 200 in any orientation. In the
illustrated embodiment, the pin fins 204 are oriented on
base plate 202 in aligned rows (e.g., rows 206, 208, 210,
212) and columns (e.g., columns 214, 216, 218, 220).
However, in other embodiments, the pin fins 204 may be
provided in staggered columns and/or rows, radially, or
randomly on base plate 202.

[0020] In the non-limiting illustrated embodiment, the
outer pin fins (e.g., the pin fins proximate to a left side
edge 222 or right side edge 224 of the base plate 202)
of a particular row may have a shorter height than the
pin fins 204 positioned more centrally within the row (i.e.,
more proximate to the center of the base plate 202). For
example, the height of the pin fins 204 within a row may
gradually increase moving from both the left side edge
222 andright side edge 224 of the base plate 202 inwardly
toward the center of the row (or base plate 202). The pin
fins 204 of a row, for example the pin fins 204 of row 206,
can each have a height such that the tops of the pin fins
204 within the row collectively define a semi-spherical or
arched shape from the left side 222 to the right side 224
of the base plate 202.

[0021] Similarly, the height of the pin fins 204 within a
column (e.g., columns 214, 216, 218, 220) can also grad-
ually increase from a front 226 of the base plate 202
toward the rear 228 of the base plate. Regardless of
whether aligned rows and/or columns are provided, the
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height of the pin fins 204 moving from opposing left side
edge 222 and right side edge 224 of the base plate 202
may gradually increase such that pin fins 204 more cen-
trally located on the heatsink 200 are taller than those
located closer to the side edges 222, 244. Similarly, the
height of the pin fins 204 moving from the front 226 of
the base plate 202 to the rear 228 of the base plate 202
may also gradually increase such that the pin fins 204
proximate to the rear 228 are taller than the pin fins 204
proximate to the front 226. For example, the maximum
height of the pin fins 204 of row 206 can be less than the
maximum height of the pin fins 204 of row 210. In some
aspects, the maximum height of the pin fins 204 of each
row can increase from the front 226 of the base plate 202
to the rear 228 of the base plate.

[0022] While FIG. 2 shows pin fins 204, in some as-
pects, continuous fins may be used in addition to or in
the place of the discrete pin fins. The continuous fins may
be shaped and provided in any suitable manner within
the geometric constraints of the region 112 of FIG. 1D.

[0023] FIG. 3 depicts a heatsink 300, which falls within
the geometric constraints of the region 112 of FIG. 1D.
Heatsink 300 includes multiple continuous fins 302 that
extend from base plate 304. As shown in FIG. 3, the
continuous fins 302 maintain the same general outline
as the columns of pin fins 204 of FIG. 2 (e.g., columns
214,216, 218, 220) in that the height of each continuous
fin 302 increases from a front to a rear of the base plate
304. While FIG. 3 generally depicts continuous fins 302
that maintain the same general outline as the columns
of pin fins 204 of FIG. 3, in some embodiments continu-
ous fins may be provided such that they maintain the
same general outline as the rows of pin fins 204 of FIG.
2 (e.g., rows 206, 208, 210, 212).

[0024] FIG. 4 depicts a heatsink 400 which also falls
within the geometric constraints of the region 112 of FIG.
1D. The heatsink 400 is generally cone shaped and com-
prises a base plate 402. The heatsink 400 includes a
series of continuous fins 404 which extend vertically up-
wardly from the base plate 402. The illustrated continu-
ous fins 404 have a generally arched shape such that
the height of a continuous fin 404 gradually increases
along the length of the continuous fin 404 until it reaches
peak 406, after which the fin height gradually decreases.
The peak 406 of each continuous fin 404 can be, but
does not have to be, near the center point of the contin-
uous fin 404.

[0025] The continuous fins 404 can be positioned on
base plate 402 such that the height of the peaks 406
increase from one side 408 of the base plate 402 towards
the center 410 of the base plate 402. The height of the
peaks 406 can then decrease from the center 410 of the
base plate 402 towards another side (not shown) of the
base plate 402. In other words, the height of the peaks
406 ofthe continuous fins 404 gradually increases across
the base plate 402 and toward the center 410 of the base
plate 402, after which the height of the peaks 406 grad-
ually decrease.
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[0026] FIG. 5 depicts a heatsink 500 which also falls
within the geometric constraints of the region 112 of FIG.
1D. The heatsink 500 includes a base plate 502 and fins
504. The fins 504 may be positioned horizontally relative
to base plate 502 (i.e., fins 504 and base plate 502 lie in
parallel planes) and extend from a central fin 506. The
central fin 506 may extend vertically upwardly from the
base plate 502 and may have a generally triangular
shape. Each of the fins 504 includes a first portion 508
extending from a first side 510 of the central fin 506 and
a second portion 512 extending from a second side 514
of the central fin 506 such that the first and second por-
tions 508, 512 collectively define a width W of each fin
504. The width W of the fins 504 proximate to the base
plate 502 of the heatsink 500 may be greater than the
width W of the fins 504 proximate to a top 516 of the
central fin 506. One or more of the fins 504 may be gen-
erally u-shaped, as shown in FIG. 5. The shape and size
of the fins 504 and the central fin 506 may be determined
based on the geometric constraints of the region 112 of
FIG. 1D. Thus, the size and shape of the fins 504 may
be smaller near the top 516 of the central fin 506 than
those fins 504 near the base plate 502, where the top
516 of the central fin 506 corresponds to the upper portion
120 of the region 112, and the base plate 502 of the
heatsink 500 corresponds to the lower portion 122 of the
region 112 of FIG. 1D.

[0027] In some embodiments, heatsinks are provided
with a combination of pin fins and continuous fins. More-
over, in some embodiments, the heatsink may be pro-
vided as a solid material devoid of pin fins or continuous
fins, provided the heatsink falls within the geometric con-
straints of the region 112 of FIG. 1D.

[0028] FIG. 6 shows a first luminaire 600 (which in-
cludes a light engine 601 onto which heatsink 602 is at-
tached) and a second luminaire 604 (which also includes
light engine 603 and heatsink 602), where the heatsinks
602 are positioned at the desired center-to-center spac-
ing C from each other. The heatsinks 602 are generally
sized and shaped as shown in the depiction of the heat-
sink 200 of FIG. 2. Each of the heatsinks 602 includes
pin fins 606 extending from a base plate 608. As shown
in FIG. 6, the shape of the pin fins 606 and the base plate
608 of the heatsinks 602 allow the luminaires 600, 604
to be rotated about an axis A (which in this embodiment
extends substantially perpendicular through the lumi-
naires 600, 604) and tilted about an axis B (which in this
embodiment extends substantially perpendicular to axis
A and about a desired pivot point) without the heatsinks
602 interfering with one another. The difference in the
height of the pin fins 606 from a front 607 of the base
plate 608 towards a rear 609 of the base plate 698 allows
the luminaires 600, 604 to be tilted up to the maximum
tiltangle T (see FIG. 1C) such that the light engines 601,
603 are tilted away from one another while the respective
heatsinks 602 are tilted towards one another, without the
heatsinks 602 contacting each other. Thus, the lumi-
naires 600, 604 are able to tilt freely by ensuring their
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respective heatsinks 602 clear one another during tilting.
[0029] In some embodiments, the luminaires 600, 604
may rotate about axis A (potentially up to 360 degrees)
even when the heatsinks 602 are oriented at the maxi-
mum desired tilt angle without the heatsinks 602 inter-
fering with one another because of the difference in
height of the pin fins 606 from an outer edge 610 of the
base plate 608 toward a center of the base plate 608.
Thus, the height and position of the pin fins 606 of the
heatsinks 602 allow the luminaires 600, 604 to tilt and
rotate as desired when positioned the desired center-to-
center spacing C from each other because the heatsinks
602 are designed to clear one another regardless of the
position of the luminaires 600, 604 when so spaced. This
is in contrast to typical heatsink designs that are not sim-
ilarly dimensioned for clearance such that the luminaires
on which they are provided must be spaced further apart
from each other to be able to tilt and rotate relative to
each other. In some aspects, as shown in FIG 7, addi-
tional luminaires, for example third luminaire 612 having
a light engine 605 and heatsink 602, can be positioned
adjacent one another without the heatsinks 602 of the
luminaires 600, 604, 612 contacting one another during
the rotation and tilting of the luminaires 600, 604, 612. In
some embodiments, multiple luminaires having heat-
sinks with geometric dimensions determined as shown
in FIG. 1 can be positioned in other arrangements relative
to one another, for example to form a hexagon, in a two-
by-two arrangement, in a three-by-three arrangement, or
other desired arrangements.

[0030] A method 800 of determining the geometric di-
mensions of a heatsink according to an embodiment of
the present disclosure is shown in FIG. 8. At block 802
the desired center-to-center distance between adjacent
heatsinks of a luminaire installation can be determined.
The center-to-center distance desired may depend on
the location of the installation, the lighting angle desired,
the size of the luminaires to be installed, the number of
luminaires in the installation, the position of the lumi-
naires relative to one another in the installation, and/or
other features and characteristics of the installation.
[0031] At block 804, a 3-dimensional model cylinder
having a diameter equal to the center-to-center distance
of the adjacent heatsinks of the installation is created.
The model may be created using a computing device,
for example the computing device of FIG. 9. The com-
puting device may include a processing device that can
execute one or more operations for performing the meth-
od described in FIG. 8. In some embodiments, a physical
model may be made.

[0032] Atblock 806, the 3-dimensional model cylinder
can be positioned at the original tilt angle of the heatsinks.
For example, the heatsinks in the installation may be po-
sitioned at an original tilt angle that is about 0 degrees
off zenith. Insome embodiments, the heatsinks may have
a starting tilt angle that is more than 0 degrees off zenith,
for example, but not limited to, 45 degrees.

[0033] At block 808 the 3-dimensional model cylinder
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is positioned at the maximum tilt angle desired for the
heatsinks in the installation. The model cylinder is rotated
about a desired pivot point. The desired pivot point can
be determined based on the features and/or character-
istics of the particular installation.

[0034] The maximum geometric dimensions of the
heatsink can be determined at block 810. The maximum
geometric dimensions of the heatsink can be determined
by calculating the geometric dimensions or boundaries
of where the 3-dimensional model cylinder at the original
tilt angle and the 3-dimensional model cylinder at in the
maximum tilt angle overlap one another. The geometric
dimensions defined by the regions where the model cyl-
inder at the original tilt angle and the model cylinder at
the maximum tilt angle overlap correspond to the maxi-
mum geometric dimensions or boundaries of the heatsink
that ensure a heatsink that fits within such dimensions
will not interfere with an adjacent heatsink (that also fits
within such dimensions), positioned at the desired cent-
er-to-center distance and at the desired tilt angle up to
the maximum tilt angle.

[0035] FIG. 9is ablock diagram depicting an example
of a computing device 900 according to one aspect of
the present disclosure. The computing device 900 may
include one or more of a processing device 902, a mem-
ory device 904, and a bus 906. The processing device
902 can execute one or more operations for determining
the geometric dimensions of a heatsink, for example but
not limited by performing the method 800 described
above. The processing device 902 can execute instruc-
tions 908 stored in the memory device 904 to perform
the operations. The processing device 902 can include
one processing device or multiple processing devices.
Non-limiting examples of the processing device 902 in-
clude a Field-Programmable Gate Array ("FPGA"), an
application-specific integrated circuit ("ASIC"), a micro-
processor, etc.

[0036] The processing device 902 can be communica-
tively coupled to the memory device 904 via the bus 906.
The memory device 904 may include any type of memory
device that retains stored information when powered off.
Non-limiting examples of the memory device 904 include
EEPROM, flash memory, or any other type of non-volatile
memory. In some aspects, at least some of the memory
device 904 can include a medium from which the
processing device 902 can read the instructions 908. A
computer-readable medium can include electronic, opti-
cal, magnetic, or other storage devices capable of pro-
viding the processing device 902 with computer-readable
instructions or other program code. Non-limiting exam-
ples of a computer-readable medium include (but are not
limited to) magnetic disk(s), memory chip(s), ROM, RAM,
an ASIC, a configured processor, optical storage, or any
other medium from which a computer processor canread
instructions. The instructions may include processor-
specific instructions generated by a compiler or an inter-
preter from code written in any suitable computer-pro-
gramming language, including, for example, C, C++, C#,
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etc.

[0037] Some embodiments of the present invention
provide a heatsink that comprises pin fins provided on a
base plate of the heatsink. The pin fins can be angled
outwardly from a center of the base plate such that the
tips of some of the fins extend beyond an outer edge of
the base plate. In some embodiments of the invention,
the pin fins positioned closer to the outer edge of the
base plate can be shorter than the pin fins positioned
closer to the center of the base plate. The shorter length
of the outer pin fins can permit cooler air to reach the pin
fins proximate to the center of the base plate by reducing
the number of pin fins the air has to pass through before
reaching the center of the base plate. The conduction of
heat away from the center of the base plate of the heat-
sink can be improved by cooler air reaching the pin fins
proximate to the center of the base plate.

[0038] FIG. 10 depicts a heatsink 1000 according to
such an embodiment. The heatsink 1000 includes a base
plate 1002 and a plurality of pin fins 1004 extending up-
wardly from, and at an angle relative to, the base plate
1002 (and more specifically in some embodiments, the
top surface 1006 of the base plate 1002). As described
above, the pin fins 1004 can be of different shapes and/or
sizes than as shown in FIG. 10.

[0039] While the pin fins 1004 can extend upwardly
from the base plate 1002 at an approximate angle of 90
degrees relative to the base plate 1002, in some embod-
iments some or all of the pin fins 1004 are oriented at an
angle less than 90 degrees. The desired angle of the pin
fins 1004 can be determined based on the desired char-
acteristics of the installation. In some aspects, the air
speed velocity through the pin fins 1004 can be measured
as well as the temperature at various parts of the lumi-
naire. In some aspects these measurements can be used
to determine the desired angle of the pin fins 1004. The
pin fins 1004 need not all be oriented at the same angle.
For example, FIGS 11 and 12 shows pin fins 1004 more
centrally located on the base plate 1002 (such as within
upper pin fin tier 1014, discussed below) extending sub-
stantially at 90 degrees relative to the base plate 1002
while the pin fins 1004 located closer to an outer edge
1008 of the base plate 1002 extend at a smaller angle
relative to the base plate 1002. By angling the pin fins
1004, some of the pin fins 1004 extend beyond the outer
edge 1008 of the base plate 1002. As shown in FIG. 10,
the base plate 1002 of the heatsink 1000 can have a
diameter d that is less than the overall diameter D of the
heatsink 1000.

[0040] Insome aspects, the pin fins 1004 are provided
in pin fin tiers, for example a lower pin fin tier 1010, a
middle pin fin tier 1012, and an upper pin fin tier 1014,
though any number of pin fin tiers may be provided. As
shown in FIG. 10, the pin fins 1004 within the lower pin
fin tier 1010 extend above the base plate 1002 less than
the pin fins 1004 within the middle pin fin tier 1012 or
upper pin fin tier 1014. Similarly, the pin fins 1004 within
the middle pin fin tier 1012 extend above the base plate
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1002 less than the pin fins 1004 within the upper pin fin
tier 1014. In other words, the pin fins 1004 within the
upper pin fin tier 1014 extend beyond the tips of the pin
fins 1004 of the lower and middle pin fin tiers 1010, 1012
such that air coming in from the side of the heatsink 1000
may reach the pin fins 1004 within the upper pin fin tier
1014 directly without having first to pass through the pin
fins 1004 that extend from the lower and middle pin fin
tiers 1010, 1012. Similarly, the pin fins 1004 within the
middle pin fin tier 1012 extend beyond the tips of the pin
fins 1004 of the lower pinfin tier 1010 such that air coming
in from the side of the heatsink 1000 may reach the pin
fins 1004 within the middle pinfin tier 1012 directly without
having first to pass through the pin fins 1004 that extend
from the lower pin fin tier 1010. Moreover, the air need
only pass through the pin fins 1004 of the middle pin fin
tier 1012 before reaching portions of the pin fins 1004 of
the upper pin fin tier 1014.

[0041] When the heatsink 1000 is attached to an LED
light engine (such as via attachment of the LED light en-
gine to a lower surface 1016 of base plate 1002), it is
more difficult to dissipate the heat generated by the LEDs
located more centrally within the light engine and thus a
hot spot forms at the center of light engine. It is therefore
critical that air be able to reach the center of the heatsink
1000 so as to carry the excessive heat away via convec-
tion. The air heats and rises upwardly through the heat-
sink 1000, carrying away heat that otherwise would re-
main in the central portion of the heatsink 1000 where it
would degrade the LEDs and detrimentally impact their
useful life. The heatsink design of FIGS. 10-12 enhances
the efficiency of the heatsink 1000 because it enables air
to reach the center of the heatsink 1000 more easily,
bypassing some of the pin fins 1004 that would otherwise
impede air flow to the center of the heatsink 1000.
[0042] In some embodiments, the pin fins 1004 all ex-
tend directly from the base plate 1002, and the desired
pin fin height configuration (e.g., pin fin tiers) is achieved
by varying the height of the pin fins 1004. By way only of
example, all of the pin fins 1004 may extend from the
base plate 1002 and be formed to create the various pin
fin tiers 1010, 1012, 1014 shown in FIG. 10. However, in
other embodiments, the base plate 1002 includes one or
more raised tiers or surfaces from which the pin fins 1004
may extend. For example, as shown in FIG. 11, two
raised tiers 1018, 1020 are each concentric circles
formed or otherwise provided on the base plate 1002.
Pin fins 1004 of the lower pin fin tier 1010 extend from
the top surface 1006 of the base plate 1002, pin fins 1004
of the middle pin fin tier 1012 extend from raised tier
1018, and pin fins 1004 of the upper pin fin tier 1014
extend from raised tier 1020. The raised tiers 1018, 1020
may be of any size or shape and may be the same or
different shapes. In some aspects, the raised tiers 1018,
1020 could be oval, triangular, square, or other suitable
shape or shapes. Any number of raised tiers may be
used. The raised tiers may be formed integrally with base
1002 or could be separate components that are mounted
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on base 1002 using any mechanical or chemical mount-
ing means, including, but not limited to, fasteners, adhe-
sives, snap-fit engagement, etc.

[0043] While FIG. 10 illustrates a plurality of pin fin tier
configuration, such a configuration is not required. Rath-
er, a single tier of pin fins 1004 may be provided. The
single tier of pin fins 1004 may extend from the base plate
1002. The single tier of pin fins 1004 may extend to a
consistent height above the base plate 1002. The tips of
the fin pins 1004 that comprise the single tier of pin fins
1004 may define a top of the heatsink 1000.

[0044] Regardless of whether raised tiers 1018, 1020
are used, the heatsink 1000 may be formed by initially
forming the heatsink with the pin fins 1004 at the desired
height and at the desired angular orientation relative to
the base plate 1002. Alternatively, the pin fins 1004 may
initially all be formed to extend perpendicular to the base
plate 1002 and subsequently and selectively angled out-
wardly to the desired angle(s) to thereby open up the
heatsink structure. Moreover, all of the pin fins 1004 can
be formed of the same height and some or all of the pin
fins 1004 subsequently cut to achieve the desired fin con-
figuration.

[0045] In some embodiments, the ends of the pin fins
1004 (particularly the pin fins 1004 oriented at smaller
angle(s) relative to the base plate 1002 and located more
proximate the outer edge 1008 of the base plate 1002)
may be cut such that the pin fins 1004 do not extend
beyond an overall or maximum diameter D of the heatsink
1000. The maximum diameter D of the heatsink 1000
can be selected based on the characteristics of the light-
ing installation in which the heatsink 1000 will be used.
For example, if the heatsink 1000 is for use with a re-
cessed luminaire such that it will be recessed within a
ceiling, the maximum diameter D of the heatsink 1000 is
defined so as not to exceed the diameter of the opening
in the ceiling through which the heatsink 1000 must pass.
The maximum diameter D can also be impacted by the
conduction requirements of the installation, the size of
the installation, the size of the luminaires of the installa-
tion, and other features of the installation. As shown in
FIG. 11, the base plate 1002 may have a cutout or an
opening 1022 to permit wiring to pass through the heat-
sink 1000 and reach the light engine (not shown) to which
the heatsink 1000 (specifically lower surface 1016) is at-
tached.

[0046] The foregoing is provided for purposes of illus-
trating, explaining, and describing embodiments of the
presentinvention. Further modifications and adaptations
to these embodiments will be apparent to those skilled
in the art and may be made without departing from the
scope or spirit of the invention. Different arrangements
of the components depicted in the drawings or described
above as well as components and steps not shown or
described are possible. Similarly, some features and sub-
combinations are useful and may be employed without
reference to other features and subcombinations. Em-
bodiments of the invention have been described for illus-
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trative and not restrictive purposes, and alternative em-
bodiments will become apparent to readers of this patent.
Accordingly, the present invention is not limited to the
embodiments described above or depicted in the draw-
ings, and various embodiments and modifications can
be made without departing from the scope of the claims
below.

Claims
1. A heatsink comprising:

a base plate having a front, a rear, a left side, a
right side, and a middle region; and

a plurality of fins aligned in fin rows, each fin of
the plurality of fins having a height, and each fin
row extending from the left side of the base plate
to the right side of the base plate;

wherein a maximum fin height of the fin rows
increases from the front of the base plate to the
rear of the base plate, and

wherein the height of each fin of a fin row in-
creases from the left side of the base plate to
the middle region of the base plate and decreas-
es from the middle region of the base plate to
the right side of the base plate.

2. The heatsink of claim 1, wherein at least some of the
plurality of fins comprise pin fins and/or,
wherein at least some of the plurality of fins comprise
a continuous fin.

3. The heatsink of claim 1, wherein the plurality of fins
are further aligned in fin columns extending from the
front to the back of the base plate, wherein the height
of the fin of each fin column increases from the front
of the base plate to the rear of the base plate and
optionally,
wherein at least some of the plurality of fins comprise
pin fins.

4. The heatsink of any preceding claim, wherein the
plurality of fins comprise aluminum and/or,
wherein the plurality of fins comprises copper.

5. A heatsink comprising:

a base plate having a front, a rear, a left side, a
right side, and a middle region; and

a plurality of pin fins, each having a height, pro-
vided in:

fin rows extending from the left side of the
base plate to the right side of the base plate;
and

fin columns extending from the front to the
rear of the base plate,
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wherein the height of the pin fins within each fin
columnincreases from the front of the base plate
to the rear of the base plate, and

wherein the height of the pin fins within each fin
row increases from the left side of the base plate
to the middle region of the base plate and de-
creases from the middle region of the base plate
to the right side of the base plate.

The heatsink of claim 5, wherein the plurality of pin
fins comprise aluminum.

The heatsink of either of claims 5 or 6, wherein each
fin row and each fin column comprises a maximum
pin fin height, and wherein the maximum pin fin
height of each fin row increases from the front of the
base plate to the rear of the base plate of the heat-
sink.

The heatsink of any of claims 5 to 7, wherein the pin
fins have one of an oval, a circular, or a triangular
cross-section.

A method for forming a first heatsink, the method
comprising:

determining a desired center-to-center distance
between the first heatsink and a second heat-
sink;

modeling a first cylinder with a diameter that cor-
responds to the desired center-to-center dis-
tance;

defining a maximum tilt angle of the first heat-
sink;

establishing a pivot point of the first cylinder, the
pivot point reflecting a point about which the first
heatsink tilts;

modeling a second cylinder on top of the first
cylinder, wherein the second cylinder has a di-
ameter that is the same as the first cylinder;
tilting the second cylinder about the pivot point
to the maximum tilt angle; and

determining an overlapping region of thefirstcyl-
inder and the second cylinder, wherein the over-
lapping region corresponds to a geometric
boundary of the first heatsink.

10. The method of claim 9, further comprising:

forming the first heatsink, wherein the first heat-
sink comprises a size and a shape that fall within
the geometric boundary.

11. The method of claim 10, wherein forming the first

heatsink further comprises:

providing a base plate having a front, a rear, a
left side, a right side, and a middle region; and
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12.

13.

14.

15.

providing a plurality of fins aligned in fin rows,
each fin having a height and each fin row ex-
tending from the left side of the base plate to the
right side of the base plate,

wherein a maximum fin height of the fin rows
increases from the front of the base plate to the
rear of the base plate, and

wherein the height of each fin of each fin row
increases from the left side of the base plate to
the middle region of the base plate and decreas-
es from the middle region of the base plate to
the right side of the base plate.

The method of claim 11, wherein at least some of
the plurality of fins comprise pin fins and/or,
wherein at least some of the plurality of fins comprise
a continuous fin.

The method of either of claims 11 or 12, wherein
providing a plurality of fins aligned in fin rows further
comprises providing the plurality of fins aligned in fin
columns, wherein the fin columns extend from the
front to the back of the base plate, and wherein the
height of each fin of each fin column increases from
the front of the base plate to the rear of the base plate.

The method of any of claims 10 to 13, wherein form-
ing the first heatsink further comprises forming the
first heatsink from aluminum and/or,

wherein forming the first heatsink, further comprises
forming the first heatsink from copper.

The method of any of claims 10 to 14, wherein form-
ing the first heatsink further comprises forming the
first heatsink via impact forging.
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