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(67)  An LED light source with an attached heat sink
includes larger fins (33), smaller fins (35), a mounting
platform (43) and light emitting diodes attached to the
mounting platform (43). The larger fins (33) are oriented
parallel to the smaller fins (35). The larger fins (33) are
integrally formed with a first base (34), and the smaller
fins (35) are integrally formed with a second base (36).
The bottom surface (37) of the second base (36) contacts
the larger fins (33), which are more than twice as tall as
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the smaller fins (35). There are more than twice as many
smaller fins (35) than larger fins (33) per distance per-
pendicular to the fins. Ducts (38) are formed between the
larger fins (33) and the bottom surface (37) of the second
base (36). Intake holes (30) pass through the first base
(34)into each duct (38) near the end of the duct that is
blocked by an end wall (39). The mounting platform (43)
with the LEDs is attached to the bottom of the first base
(34).

25 SPACER

SECOND FIN
STRU:§32TURE

T SINK
LIGHT SOURCE

FIG'. 3

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 784 384 A1 2

Description
TECHNICAL FIELD

[0001] The presentinvention relates generally to heat
sinks and, more specifically, to a heat sink with an at-
tached LED that hangs externally from a street lamp.

BACKGROUND INFORMATION

[0002] Lightemittingdiodes (LEDs) provide anenergy-
efficient light source and are increasingly being used in-
stead of fluorescent and halogen gas lamps for high ca-
pacity lighting needs, such as street lamps. In order to
increase the amount of light generated, LEDs are often
incorporated into street lamps, which can lead to signif-
icant problems of overheating. The performance and life-
time of the LEDs is degraded if the operating temperature
exceeds a threshold level. The useful life of an LED street
lamp is sometimes specified as the number of hours of
operation before which the luminous output of the lamp
drops to half of its initial output. Empirical data suggests
that there is an inverse exponential relationship between
the useful life of an LED lamp and the amount by which
the average operating temperature exceeds a threshold
level. For example, some phosphors in LEDs have been
found to degrade if the temperature of the phosphor ex-
ceeds 165 degrees Celsius over an extended period.
Thus, dissipating the heat generated by the LEDs in the
street lamp is a problem that must be solved.

[0003] The LEDs of a street lamp are enclosed by the
shell of the street lamp. The shell typically has a metal
upper cover and a transparent lower cover. The shell
typically has openings at the top that allow the heat gen-
erated by the LEDs to escape. However, the openings
at the top allow dust, moisture and insects to enter the
shell, which can accumulate in the transparent lower cov-
er and block much of the light that is generated by the
LEDs.

[0004] FIG. 1 (prior art) shows an existing LED street
light 10 that does not permit dust, moisture and insects
to obstruct the transparent lower cover 11 through which
the generated light shines onto the street. Transparent
lower cover 11 is kept free of dust, moisture and insects
by completely sealing off the lower compartment of the
shell of the street lamp. Consequently, most of the heat
generated by the LEDs must be dissipated through the
upper compartment. The heat is transmitted from the
LEDstoaheatconducting plate 12. The heatthen passes
on to heat-dissipating fins 13 via a heat guiding piece 14.
Heat is dissipated out of the upper compartment by fans
15 that blow heated air out of venting slots 16 in the upper
cover 17. For additional details on this prior art method
of dissipating heat from a street lamp, see U.S. Patent
No. 7,278,761 to Kuan entitled "Heat Dissipating Pole
lllumination Device."

[0005] This prior art method of dissipating heat from
an LED street light has multiple disadvantages. First, al-
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though dust, moisture and insects are prevented from
entering the lower compartment of the street lamp shell,
they will nevertheless enter the upper compartment
through the venting slots 16 in the upper cover 17. The
dust, moisture and insects that fall through the venting
slots 16 will collect in the upper compartment and clog
the fans 15 and the spaces between the fins 13, thereby
reducing the ability of street lamp to dissipate heat. Sec-
ond, the fans 15 have moving parts and will likely mal-
function, especially if they are subjected to the dust, mois-
ture and insects that enter through the venting slots 16.
Moreover, the fans 15 also require a power supply, which
might not be able to be shared with the LEDs. Finally,
the fans 15 add to the cost of the street lamp.

[0006] A method is sought for dissipating heat from an
LED street lamp that does not allow dust, moisture and
insects to enter through venting slots in the upper cover
of the street lamp and that does not require fans.

SUMMARY

[0007] A conventional street lamp is retrofitted by ex-
ternally mounting an LED light source with an attached
heat sink. The heat sink has a very low height profile and
hangs inconspicuously with the LED light source just be-
low the space otherwise occupied by the lens of the street
lamp. The heat sink light source includes a first fin struc-
ture with larger fins, a second fin structure with smaller
fins, a bulb, a mounting platform and light emitting diodes
attached to the mounting platform. The larger fins are
oriented parallel to the smaller fins. The larger fins are
integrally formed with a first base, and the smaller fins
are integrally formed with a second base. The bottom
surface of the second base contacts the larger fins. The
larger fins are more than twice as tall as the smaller fins,
and there are more than twice as many smaller fins as
there are larger fins across the same distance perpen-
dicular to the fins. Ducts are formed between the larger
fins and the bottom surface of the second base. One end
of each duct is blocked by an end wall, and intake holes
pass through the first base into each duct near the end
wall.

[0008] The mounting platform with the LEDs is at-
tached to the bottom of the first base. The bulb is attached
to the bottom surface of the first base such that the mount-
ing platform and the LEDs are enclosed by the bulb and
the bottom surface. The ambient air is expelled from the
enclosure, and the enclosure is filled with an inert gas in
order to protect the LEDs from degradation. The enclo-
sure is then hermetically sealed. Heat that is generated
by the LEDs is conducted through the mounting platform,
the first base and the larger fins into the air in the ducts.
The expanding heated air exits the ducts through the
open ends opposite the end wall and draws cooler air
into the ducts through the intake holes. By transferring
heat away from the LEDs without using fans and without
requiring venting slots in the upper cover of the street
lamp, the externally mounted heat sink prevents the
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LEDs from operating at excessively high temperatures
and protects the LEDs and associated phosphor from
degradation.

[0009] A replaceable LED light bulb that can be used
to retrofit a conventional street lamp is removably at-
tached to a heat sink that is permanently attached to the
street lamp. The LED light bulb includes a base, a bulb,
a gasket, a mounting platform and LEDs attached to the
mounting platform. The mounting platform is attached to
the base. The thermal pad completely covers the mount-
ing platform and a portion of the outside surface of the
base. The surface of the mounting platform opposite the
LEDs is substantially coplanar with the portion of the out-
side surface of the base covered by the thermal pad.
[0010] A chamber that contains the LEDs is formed
between the base and the bulb. The chamber is filled
with an inert gas and then hermetically sealed. The gas-
ket is disposed in a groove in the outside surface of the
base. The gasket forms an air-tight boundary between
the outside surface of the base and the heat sink such
that no gas that exits the chamber over time through the
base and around the mounting platform may escape be-
yond the boundary of the gasket.

[0011] A method of manufacturing a replaceable LED
light bulb includes attaching a mounting platform to a
base of the LED light bulb, covering the mounting plat-
form with a thermal pad, attaching a bulb to the base to
form a chamber, and filling the chamber with an inert gas.
The mounting platform with attached LEDs is attached
to the base of the LED light bulb. Thermal grease is then
used to attach the thermal pad to the surface of the
mounting platform opposite the LEDs. The entire mount-
ing platform and a portion of the outside surface of the
base are covered by the thermal pad. The bulb is at-
tached to the base opposite the outside surface such that
achamber is formed between the base and the bulb. The
chamber is filled with an inert gas, such as argon, and is
then hermetically sealed. The gasket is inserted into a
groove in the outside surface of the base. The base is
then removably attached to a heat sink such that the gas-
ket forms a boundary between the outside surface of the
base and the heat sink through which none of the inert
gas that may exit the chamber over time through the base
and around the mounting platform may escape beyond
the boundary.

[0012] Further details and embodiments and tech-
niques are described in the detailed description below.
This summary does not purport to define the invention.
The invention is defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, where like nu-
merals indicate like components, illustrate embodiments
of the invention.

[0014] FIG. 1 (prior art) is a perspective view of an ex-
isting LED street lamp that dissipates heat by blowing
hot air out the top through venting slots.
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[0015] FIG. 2 is a perspective side view of a retrofitted
street lamp with an externally mounted LED light source
and attached heat sink.

[0016] FIG. 3 is a more detailed perspective view the
heat sink light source FIG. 2.

[0017] FIGS.4A-Barecross sectional views of the heat
sink light source of FIG. 2.

[0018] FIG.5isa perspective view from below the heat
sink light source of FIG. 2 without the bulb.

[0019] FIG. 6 is a cross sectional perspective view of
a replaceable LED bulb that can be removably attached
to a heat sink.

[0020] FIG. 7 is a more detailed cross sectional view
of the LED bulb of FIG. 6.

[0021] FIG. 8 is a perspective view of the outside sur-
face of the base of the LED bulb of FIG. 6 opposite the
bulb.

[0022] FIG.9isa perspective view of the opposite side
of the base of the LED bulb shown in FIG. 8.

[0023] FIG. 10is aflowchart of steps for manufacturing
the replaceable LED light bulb of FIG. 6.

DETAILED DESCRIPTION

[0024] Reference will now be made in detail to some
embodiments of the invention, examples of which are
illustrated in the accompanying drawings.

[0025] FIG. 2is a perspective side view of a retrofitted
streetlamp 20 to which an LED light source with attached
heat sink 21 has been externally mounted. FIG. 2 shows
the shell of a GE M400 cobrahead-style luminaire, but
retrofitted street lamp 20 can be the shell of any conven-
tional mercury vapor, sodium or metal halide street lamp
that is retrofitted with an LED light source. The shell of
street lamp 20 includes an upper cover 22 and a lower
cover 23. The conventional light source and the lens have
been removed from streetlamp 20. Heat sink light source
21 hangs from a grate 24 that is attached on the inside
of the lip around the opening in lower cover 23 into which
the removed lens originally fit. Grate 24 bolts into lower
cover 23 from the inside. Heat sink light source 21 is
attached to grate 24 by four spacers 25.

[0026] Heat sink light source 21 includes multiple light
emitting diodes (LEDs) attached to a bottom surface 26
of heat sink 27. Heat sink 27 has a very low height profile
for the amount of heat dissipated, which permits heat
sink light source 21 to fit externally yet inconspicuously
under the shell of retrofitted street lamp 20. The LEDs
are packaged as an array and are encapsulated by a
bulb 28. Bulb 28 is attached to bottom surface 26 through
agasket29.n one embodiment, bulb 28 is made of trans-
parent polycarbonate. Bulb 28 can also be made of glass
or plexiglass (poly[methyl methacrylate]). Gasket 29 has
adhesive on both sides, such that one side sticks to bot-
tom surface 26 and the other side sticks to bulb 28. The
electrical drivers for the LEDs are housed in the shell of
street lamp 20. In one embodiment, the wires that power
the LEDs pass through gaps in gasket 29. In another
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embodiment, the wires that provide electricity to the LEDs
pass from the shell through hollow spacers 25, through
heat sink 27 and into the enclosure formed by bulb 28.
In yet another embodiment, the wires that provide elec-
tricity to the LEDs simply drop loosely through the center
hole in grate 24, through holes in heat sink 27, and then
into the enclosure formed by bulb 28. Likewise, the open-
ings through which bulb 28 is filled with an inert gas and
through which ambient air is expelled from bulb 28 can
also pass through gasket 29 or through bottom surface
26 of heat sink 27. FIG. 2 shows the holes 30 in bottom
surface 26 of heat sink 27 through which ambient air is
drawn into heat sink 27 as heated air exists from the other
side (towards the back in FIG. 2) of heat sink 27.
[0027] FIG. 3 is a more detailed perspective view of
heat sink light source 21. Heat sink light source 21 in-
cludes a first fin structure 31 and a second fin structure
32. Firstfin structure 31 has a plurality of parallel-oriented
larger fins 33 that are integrally formed with a first base
34. First base 34 has a first bottom surface 26 opposite
the larger fins 33. First bottom surface 26 of first base 34
is also the bottom surface 26 of heat sink 27. Second fin
structure 32 has a plurality of parallel-oriented smaller
fins 35 that are integrally formed with a second base 36.
Second base 36 has a second bottom surface 37 oppo-
site the smaller fins 35. Second bottom surface 37 con-
tacts the tops of the larger fins 33. Second fin structure
32 is bolted tightly to first fin structure 31 so as to ensure
good thermal conductivity between larger fins 33 and bot-
tom surface 37. The larger fins 33 are more than twice
as tall as the smaller fins 35. For example, the larger fins
33 are more than six centimeterstall, whereas the smaller
fins 35 are less than three centimeters tall. Ducts 38 are
formed between the larger fins, the second bottom sur-
face 37 and the first base 34. One end of each duct 38
is blocked by an end wall 39. End wall 39 is part of first
base 34. The outside of end wall 39 is visible in FIG. 2.
Intake holes 30 pass through first base 34 into each of
the ducts 38 at the end of each duct that is blocked by
end wall 39. In the embodiment of FIG. 3, three intake
holes 30 open into each duct 38.

[0028] Heat generated by the LEDs attached to first
bottom surface 26 is drawn into first fin structure 31 and
heats the air between larger fins 33, thereby removing
some of the thermal energy from surfaces of heat sink
27. The heated air then exits the open ends of the ducts
38, drawing cool air into the blocked ends of the ducts
through the intake holes 30. The larger fins 33 are taller
and wider apart than the smaller fins 35 in order to permit
air to flow more easily through the ducts 38 in a horizontal
direction. Some heat is transferred from first fin structure
31 to second fin structure 32 and heats the smaller fins
35. Heated air can rise vertically unobstructed over the
shorter height of the smaller fins 35. Consequently, the
smaller fins 35 can dissipate more heat despite having
narrower channels between the fins, which permits more
surface area over the entire second fin structure 32.
[0029] FIG. 3 also shows grate 24 from which heat sink
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light source 21 hangs. After installation, heat sink light
source 21 is attached to the shell of street lamp 20 via
grate 24 and is disposed below the shell. During instal-
lation, upper cover 22 of the shell of street lamp 20 is
removed from lower cover 23, and the LED light source
with the attached heat sink 21 is inserted from the inside
of the shell through the opening (for the original lens) in
lower cover 23 such that grate 24 rests on the inside lip
of the opening. Grate 24 has an opening in the middle
and curved slats that permit air to flow through the grate.
[0030] FIGS. 4A-B are cross sectional views of heat
sink light source 21 attached to grate 24 by spacers 25.
FIG. 4A is a cross sectional view looking parallel to the
larger fins 33 and smaller fins 35 and down the ducts 38.
FIG. 4A shows that there are more than twice as many
smaller fins 35 disposed across second base 36 as there
are larger fins 33 disposed across first base 34 per unit
distance perpendicular to smaller fins 35. In FIG. 4A,
there are thirty-five smaller fins 35 for each sixteen larger
fins 33 in the dimension perpendicular to the fins. In an
embodiment in which the larger fins 33 are about six cen-
timeters tall, this is equivalent to about 1.17 smaller fins
for each 0.53 larger fins per centimeter perpendicular to
smaller fins 35.

[0031] FIG. 4A also shows that bolts 40 pass through
the hollow center of spacers 25 and screw into the second
base 36. Other bolts 41 pass through second base 36
and screw into first base 34. Yet other smaller bolts 42
attach a mounting platform 43 to first bottom surface 26
of first base 34. Mounting platform 43 is also attached to
first bottom surface 26 using thermal grease that coats
the surfaces between first fin structure 31 and mounting
platform43. The thermal grease also enhances the trans-
fer of heat from mounting platform 43 to first fin structure
31. Mounting platform 43 is thermally conductive, yet
electrically nonconductive. For example, platform 43 can
be made of aluminum oxide (Al,O3) or aluminum nitride
(AIN).

[0032] Light emitting diode (LED) dice are attached to
the bottom surface of mounting platform 43 via a dielectric
layer. The LED dice are covered by a layer of phosphor
44 that converts a portion of the blue light generated by
the LEDs to light in the yellow region of the optical spec-
trum. The combination of the blue and yellow light is per-
ceived as "white" light by a human observer. When heat
sink light source 21 is installed, the light generates by
the LED dice and the phosphor 44 shines downwards
from mounting platform 43 through bulb 28 and onto the
street below retrofitted street lamp 20.

[0033] Bulb 28 is attached to first bottom surface 26
by means of gasket 29 such that mounting platform 43
and the LEDs are enclosed by bulb 28 and first bottom
surface 26. Gasket 29 can have several components,
such as a wider ring with adhesive on both sides and a
narrower, taller ring into which bulb 28 fits. The taller ring
has openings through which wires and gas tubes can
pass between the wider ring and bulb 28.

[0034] FIG. 4B is a cross sectional view of heat sink
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light source 21 looking perpendicular to the larger fins 33
and smaller fins 35. Heat that is generated by the LEDs
and phosphor 44 is conducted through mounting platform
43 to first base 34 and larger fins 33 into the air in ducts
38. The expanding heated air exits the ducts 38 through
the open ends opposite end wall 39 and draws cooler air
into the ducts through the intake holes 30, as illustrated
by the dashed lines in FIG. 4B. Air heated by smaller fins
35 rises straight up towards grate 24.

[0035] FIG. 5 is a perspective view from below heat
sink light source 21. Bulb 28 has been removed from the
drawing of FIG. 5 in order to expose mounting platform
43 attached to first bottom surface 26 of first fin structure
31. In the embodiment of FIG. 5, bulb 28 is permanently
attached to first bottom surface 26. LEDs 45 arranged in
a 4x4 matrix are mounted to mounting platform 43 and
are covered by a layer of phosphor 44. In another em-
bodiment, the LEDs 45 are arranged in a 10x10 array.
The four screw holes 46 in first bottom surface 26 are
not used in the embodiment of FIG. 5. In another embod-
iment, however, bulb 28 and the LEDs 45 are not per-
manently attached to first bottom surface 26. Instead,
mounting platform 43 and LEDs 45 are included in a re-
placeable LED bulb that bolts into the four screw holes 46.
[0036] FIG. 6 is a cross sectional perspective view of
a replaceable LED bulb 47 that can be removably at-
tached to bottom surface 26 of heat sink 27. LED bulb
47 includes a base 48, a thermal pad 49, mounting plat-
form 43, LEDs 45, a gasket 50 and a bulb 51. LEDs 45
are attached to mounting platform 43 in the same manner
asinthe embodiment of FIG. 5. Base 48 is made of metal,
such as aluminum, or of ABS plastic. Mounting platform
43 snaps into four columns 52 that extend upward (in the
orientation of FIG. 6) from protrusions from base 48 into
indentations in mounting platform 43. Thermal pad 49
completely covers mounting platform 43 and a portion of
the outside surface 53 of base 48. Mounting platform 43
has a first surface 54 opposite the LEDs 45 that is sub-
stantially coplanar with the portion of outside surface 53
of base 48 that is covered by thermal pad 49. In one
embodiment, there is a shallow indentation in outside
surface 53 that is approximately the same size and depth
as the size and thickness of thermal pad 49. The inden-
tation permits the outside surface of thermal pad 49 to
be substantially coplanar with the remainder of the out-
side surface 53 of base 48. Adhesive around the edges
of thermal pad 49 glues the pad to outside surface 53.
Thermal grease is also used to attach thermal pad 49
over mounting platform 43 and over a portion of the out-
side surface 53.

[0037] A chamber 55 or enclosure is formed between
base 48, mounting platform 43 and bulb 51. The LEDs
45 are disposed inside chamber 55. Chamber 55 is filled
with nitrogen or an inert gas, such as argon, in order to
protect the LEDs 45 and phosphor 44 from degradation.
The nitrogen or inert gas is added through a first valved
hole 56, and the airinside chamber 55 is expelled through
a second valved hole 57. The valved holes 56-57 are
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closed after chamber 55 is filled with gas, and chamber
55 is hermetically sealed.

The wires 58 that provide power to the LEDs 45 pass
through holes in the sides of base 48. The wire holes
include an expanded portion containing a grommet 59
through which the wires 58 pass. An epoxy adhesive 60
seals the small spaces between grommet 59 and the hole
as well as between grommet 59 and the wires 58.
[0038] Before installation of LED bulb 47 on heat sink
27, the thermal grease and thermal pad 49 create a seal
that prevents the inert gas from escaping chamber 55
around mounting platform 43. The thermal pad 49 and
the epoxy adhesive 60 around grommets 59 are used to
create the hermetic seal of chamber 55. The hermetic
seal, however, may deteriorate over time. Over the long
operational lifetime of LED bulb 47, the inert gas may
escape chamber 55 by passing around mounting plat-
form 43 and out from under thermal pad 49. Thus, gasket
50 is used to create a lasting seal between outside sur-
face 53 of base 48 and bottom surface 26 of heat sink
27. Although over time the inert gas may escape past
mounting platform 43, the inert gas does not escape be-
tween outside surface 53 and bottom surface 26 beyond
the seal created by gasket 50. Gasket 50 is disposed in
a groove 61 in outside surface 53 of base 48. Gasket 50
is pressed into the corners of groove 61 to create tight
seal as LED bulb 47 is bolted onto heat sink 27 and out-
side surface 53 and bottom surface 26 are screwed to-
gether.

[0039] As LED bulb 47 is installed on heat sink 27,
base 48 is bolted straight to the heat sink without rotating
outside surface 53 of base 48 over bottom surface 26 of
heat sink 27. Rotating LED bulb 47 while pressing outside
surface 53 onto bottom surface 26 would twist thermal
pad 49 and dislodge the seal formed around mounting
platform 43 and thermal pad 49 that prevents the inert
gas from escaping chamber 55. Thus, the non-twisting
method of attaching LED bulb 47 to heat sink 27 allows
a large thermal pad that can transfer over 100 Watts of
heatenergy toremainin placeas LED bulb 47 is installed.
Twist-on methods of attaching LED bulbs currently do
not accommodate thermal pads between the LEDs and
the external heat sink that can transfer a large amount
of energy, for example, over 30 Watts.

[0040] FIG. 6 also shows that LED bulb 47 includes a
reflector 62 that disburses the light generated by the
LEDs 45 and phosphor 44 over a wider area on the
ground below street lamp 20.

[0041] FIG. 7 is a more detailed cross sectional view
of LED bulb 47 of FIG. 6. FIG. 7 shows how thermal pad
49 completely covers mounting platform 43 and a portion
of the outside surface 53 of base 48. FIG. 7 also shows
how epoxy adhesive 60 seals the wire holes around
grommet 59.

[0042] FIG. 8 is a perspective view of outside surface
53 of base 48. Thermal pad 49 has been removed from
the drawing of FIG. 8 to reveal mounting platform 43 that
has been snapped down over the four columns 52 that
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extend upwards from protrusions in base 48 into holes
in mounting platform 43. FIG. 8 shows the shallow inden-
tation 63 in outside surface 53 that is approximately the
same area and depth as the area and thickness of ther-
mal pad 49.

[0043] FIG.9is a perspective view of the opposite side
ofbase 48 asthatshowninFIG. 8. FIG. 9 shows mounting
platform 43 that has been snapped into the four columns
52 that extend from protrusions in base 48. The layer of
phosphor 44 within the round containing ring on mounting
platform 43 covers the LED dice 45. With bulb 51 re-
moved from the drawing of FIG. 9, a ringed wall 64 of
base 48 is visible to which bulb 51 attaches.

[0044] FIG. 10is aflowchart illustrating steps 65-70 of
a method of making a replaceable LED light bulb for a
street lamp. The LED light bulb can be replaced inde-
pendently of the associated heat sink that remains at-
tached to the street lamp.

[0045] In a first step 65, mounting platform 43 is at-
tached to base 48 of LED bulb 47. At least one LED die
is attached to mounting platform 43 before the platform
is attached to the base of LED bulb 47. Mounting platform
43 is attached to base 48 by snapping the platform into
support columns 52 that extend from base 48. Mounting
platform 43 is attached to base 48 from outside surface
53 and covers a rectangular opening in base 48.
[0046] In step 66, mounting platform 43 is completely
covered from outside surface 53 (opposite the LED) by
thermal pad 49. Thermal pad 49 also covers a portion of
the outside surface that frames mounting platform 43. An
adhesive glues the edges of thermal pad 49 to outside
surface 53. In addition, thermal grease is used to attach
thermal pad 49 to mounting platform 43 and to outside
surface 53.

[0047] In step 67, gasket 50 is inserted into groove 61
in outside surface 53 of base 48. Upon installation, gasket
50 is used to create a tight seal between outside surface
53 of LED bulb 47 and bottom surface 26 of heat sink
27, which is attached to street lamp 20.

[0048] In step 68, bulb 51 is attached to ringed wall 64
of base 48 opposite outside surface 53. Attaching bulb
51 forms chamber 55 between base 48, mounting plat-
form 43 and bulb 51.

[0049] Instep 69, chamber 55 is filled with an inert gas,
such as argon. The inert gas is added to chamber 55
through first valved hole 56, and the air inside chamber
55is expelled through second valved hole 57. After about
five minutes of pumping the inert gas into chamber 55,
nearly all of the ambient air in the chamber has been
expelled, and the chamber contains more than 99% inert
gas. Chamber 55 is then hermetically sealed.

[0050] Instep 70, base 48 of LED bulb 47 is removably
attached to double-plated heat sink 27 such that gasket
50 forms a boundary between outside surface 53 of base
48 and bottom surface 26 of heat sink 27 through which
none of the inert gas from chamber 55 that passes from
chamber 55 around mounting platform 43 may escape
beyond the boundary.
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[0051] Although certain specific embodiments are de-
scribed above for instructional purposes, the teachings
of this patent document have general applicability and
are not limited to the specific embodiments described
above. Accordingly, various modifications, adaptations,
and combinations of various features of the described
embodiments can be practiced without departing from
the scope of the invention as set forth in the claims.

Further summary of invention
[0052]
1. An apparatus, comprising:

a first fin structure with a first number of parallel
oriented larger fins integrally formed with a first
base, wherein the first base has a first bottom
surface opposite the larger fins;

a second fin structure with a second number of
parallel oriented smaller fins integrally formed
with a second base, wherein the second base
has a second bottom surface opposite the small-
er fins, wherein the second bottom surface con-
tacts the larger fins, wherein the larger fins are
oriented parallel to the smaller fins, wherein the
larger fins are more than twice as tall as the
smaller fins, wherein there are more than twice
as many smaller fins disposed across the sec-
ond base as there are larger fins disposed
across the first base per unit distance perpen-
dicular to the smaller fins, wherein ducts are
formed between the larger fins, the second bot-
tom surface and the first base, wherein a first
end of each duct is blocked by an end wall, and
wherein an intake hole passes through the first
base into each duct at the first end of each duct;
a mounting platform attached to the first bottom
surface; and

a light emitting diode (LED) attached to the
mounting platform.

2. The apparatus of 1, further comprising:

a bulb attached to the first bottom surface,
wherein the mounting platform and the LED are
enclosed by the bulb and the first bottom sur-
face.

3. Theapparatus of 1, wherein an enclosure between
the bulb and the first bottom surface is hermetically
sealed.

4. The apparatus of 1, wherein the mounting platform
is attached to the first bottom surface using thermal

grease.

5. The apparatus of 1, wherein the second fin struc-
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ture is made of extruded aluminum.

6. The apparatus of 1, wherein the firstbase is thicker
than the second base.

7. An apparatus, comprising:
a heat sink light source including:

afirstfin structure with parallel oriented larg-
er fins integrally formed with a first base,
wherein the first base has a first bottom sur-
face opposite the larger fins;

a second fin structure with parallel oriented
smaller fins integrally formed with a second
base, wherein the second base has a sec-
ond bottom surface opposite the smaller
fins, wherein the second bottom surface
contacts the larger fins, wherein the larger
fins are more than twice as tall as the smaller
fins, wherein ducts are formed between the
larger fins, the second bottom surface and
the first base, and wherein an intake hole
passes through the first base into each of
the ducts; and

a light emitting diode (LED) attached to the
first bottom surface; and

a shell of a street lamp, wherein the heat sink
light source is attached to the shell and is dis-
posed below the shell.

8. The apparatus of 7, wherein the heat sink light
source is externally mounted to the shell by spacers
attached to the second fin structure.

9. The apparatus of 7, wherein the heat sink light
source further includes a mounting platform dis-
posed between the LED and the first bottom surface,
and wherein the LED is attached to the first bottom
surface by the mounting platform.

10. The apparatus of 7, wherein the heat sink light
source further includes a bulb attached to the first
bottom surface, and wherein the LED is enclosed by
the bulb and the first bottom surface.

11. The apparatus of 10, wherein an enclosure be-
tween the bulb and the first bottom surface is her-
metically sealed.

12. The apparatus of 7, wherein the larger fins are
oriented parallel to the smaller fins, and wherein
there are more than twice as many smaller fins dis-
posed across the first base as there are larger fins
disposed across the second base per unit distance
perpendicular to the smaller fins.
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13. The apparatus of 7, wherein the heat sink light
source attaches on the inside of the shell and hangs
down below the shell.

14. An apparatus comprising:

a base with an outside surface;

a gasketdisposed in a groove in the outside sur-
face;

a mounting platform attached to the base;

a light emitting diode (LED) attached to the
mounting platform; and

a bulb, wherein a chamber is formed between
the base and the bulb, and wherein the LED is
disposed inside the chamber.

15. The apparatus of 14, wherein the chamber is
hermetically sealed.

16. The apparatus of 14, further comprising:

a thermal pad that completely covers the mount-
ing platform and a portion of the outside surface
of the base, wherein the mounting platform has
a first surface opposite the LED, and wherein
the first surface of the mounting platform is sub-
stantially coplanar with the portion of the outside
surface of the base.

17. The apparatus of 14, wherein the apparatus is
removably attached to a heat sink, and wherein the
heat sink is permanently attached to a street lamp.

18. The apparatus of 14, wherein the apparatus is
removably attached to a heat sink, and wherein the
gasket forms an air-tight boundary between the out-
side surface of the base and the heat sink such that
no gas may escape from the chamber through the
base beyond the boundary of the gasket.

19. The apparatus of 14, wherein the apparatus is
removably attached to a heat sink, and wherein the
heat sink includes:

a first fin structure with parallel oriented larger
fins integrally formed with a first base, wherein
the first base has a first bottom surface opposite
the larger fins, and wherein the apparatus is re-
movably attached to the firstbottom surface; and
a second fin structure with parallel oriented
smaller fins integrally formed with a second
base, wherein the second base has a second
bottom surface opposite the smaller fins, where-
in the second bottom surface contacts the larger
fins, wherein the larger fins are more than twice
as tall as the smaller fins, wherein ducts are
formed between the larger fins, the second bot-
tom surface and the first base, and wherein an
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intake hole passes through the first base into
each of the ducts.

20. A method of manufacturing, comprising:

attaching a mounting platform to abase, wherein
a light emitting diode (LED) is attached to the
mounting platform;

inserting a gasket into a groove in an outside
surface of the base;

attaching a bulb to the base opposite the outside
surface, wherein a chamber is formed between
the base and the bulb; and

hermetically sealing the chamber.

21. The method of 20, further comprising:

covering all of the mounting platform and a por-
tion of the outside surface with a thermal pad.

22. The method of 20, further comprising:

removably attaching the base to a heat sink such
that a boundary forms between the outside sur-
face of the base and the heat sink through which
none of the inert gas from the chamber may es-
cape through the base around the mounting plat-
form and beyond the boundary.

23. The method of 20, further comprising:

attaching athermal pad to the mounting platform
opposite the LED using thermal grease.

Claims

An apparatus, comprising:

a first fin structure with a first number of parallel
oriented larger fins integrally formed with a first
base, wherein the first base has a first bottom
surface opposite the larger fins;

a second fin structure with a second number of
parallel oriented smaller fins integrally formed
with a second base, wherein the second base
has a second bottom surface opposite the small-
er fins, wherein the second bottom surface con-
tacts the larger fins, wherein the larger fins are
oriented parallel to the smaller fins, wherein the
larger fins are more than twice as tall as the
smaller fins, wherein there are more than twice
as many smaller fins disposed across the sec-
ond base as there are larger fins disposed
across the first base per unit distance perpen-
dicular to the smaller fins, wherein ducts are
formed between the larger fins, the second bot-
tom surface and the first base, wherein a first
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end of each duct is blocked by an end wall, and
wherein an intake hole passes through the first
base into each duct at the first end of each duct;
a mounting platform attached to the first bottom
surface; and

a light emitting diode (LED) attached to the
mounting platform.

2. The apparatus of claim 1, further comprising:

a bulb attached to the first bottom surface,
wherein the mounting platform and the LED are
enclosed by the bulb and the first bottom sur-
face.

3. An apparatus, comprising:

a heat sink light source including:

afirstfin structure with parallel oriented larg-
er fins integrally formed with a first base,
wherein the first base has a first bottom sur-
face opposite the larger fins;

a second fin structure with parallel oriented
smaller fins integrally formed with a second
base, wherein the second base has a sec-
ond bottom surface opposite the smaller
fins, wherein the second bottom surface
contacts the larger fins, wherein the larger
fins are more than twice as tallas the smaller
fins, wherein ducts are formed between the
larger fins, the second bottom surface and
the first base, and wherein an intake hole
passes through the first base into each of
the ducts; and

a light emitting diode (LED) attached to the
first bottom surface; and

a shell of a street lamp, wherein the heat sink
light source is attached to the shell and is dis-
posed below the shell.

The apparatus of claim 3, wherein the heat sink light
source is externally mounted to the shell by spacers
attached to the second fin structure.

The apparatus of claim 3, wherein the heat sink light
source further includes a mounting platform dis-
posed between the LED and the first bottom surface,
and wherein the LED is attached to the first bottom
surface by the mounting platform.

The apparatus of claim 3, wherein the heat sink light
source further includes a bulb attached to the first
bottom surface, and wherein the LED is enclosed by
the bulb and the first bottom surface.

An apparatus comprising:
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a base with an outside surface;

agasket disposed in a groove in the outside sur-
face;

a mounting platform attached to the base;

a light emitting diode (LED) attached to the
mounting platform; and

a bulb, wherein a chamber is formed between
the base and the bulb, and wherein the LED is
disposed inside the chamber.

The apparatus of claim 7, wherein the chamber is
hermetically sealed.

The apparatus of claim 7, further comprising:

athermal pad that completely covers the mount-
ing platform and a portion of the outside surface
of the base, wherein the mounting platform has
a first surface opposite the LED, and wherein
the first surface of the mounting platform is sub-
stantially coplanar with the portion of the outside
surface of the base.

The apparatus of claim 7, wherein the apparatus is
removably attached to a heat sink, and wherein the
heat sink is permanently attached to a street lamp.

The apparatus of claim 7, wherein the apparatus is
removably attached to a heat sink, and wherein the
gasket forms an air-tight boundary between the out-
side surface of the base and the heat sink such that
no gas may escape from the chamber through the
base beyond the boundary of the gasket.

The apparatus of claim 7, wherein the apparatus is
removably attached to a heat sink, and wherein the
heat sink includes:

a first fin structure with parallel oriented larger
fins integrally formed with a first base, wherein
the first base has a first bottom surface opposite
the larger fins, and wherein the apparatus is re-
movably attached to the first bottom surface; and
a second fin structure with parallel oriented
smaller fins integrally formed with a second
base, wherein the second base has a second
bottom surface opposite the smaller fins, where-
in the second bottom surface contacts the larger
fins, wherein the larger fins are more than twice
as tall as the smaller fins, wherein ducts are
formed between the larger fins, the second bot-
tom surface and the first base, and wherein an
intake hole passes through the first base into
each of the ducts.

The apparatus of claim 7, further comprising a re-
flector disposed within the chamber of the bulb, the
reflector is configured to disburse light generated by
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the LED.

14. A method of manufacturing, comprising:

attaching amounting platformto abase, wherein
a light emitting diode (LED) is attached to the
mounting platform;

inserting a gasket into a groove in an outside
surface of the base;

attaching a bulb to the base opposite the outside
surface, wherein a chamber is formed between
the base and the bulb; and

hermetically sealing the chamber.

15. The method of claim 14, further comprising:

removably attaching the base to aheat sink such
that a boundary forms between the outside sur-
face of the base and the heat sink through which
none of the inert gas from the chamber may es-
cape through the base around the mounting plat-
form and beyond the boundary.
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