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LED LIGHT BULBS FOR SPACE LIGHTING

{00611 The present invention relates to the field of LED hghting and, more particularly,
to concentrated LED lighting devices that transfer heat quickly to a separate heat sink with or

without active cooling to dissipate the heat away from the concentrated LED light source.

CROSS-REFERENCE TORELATED APPLICATIONS
[0002] Ths application claims the benehit of US Provisional Application, Serial No.

61/207,751, filed on 02/17/2009, the disclosure of which is incerporated herein by reference,

BACKGROUND OF THE INVENTION

{00031 Light enutting diodes (LEDs) are considered an efficient Heht source to replace
incandescent, compact fluorescent Hahts (CFLs) and other more conventional light sources to
save electrical energy. LEDs nse significantly less than the energy required by incandescent
lights to produce comparable amounts of light. The energy savings ranges from 40 to 80%
depending on the design of light bulbs. In addition, LEDs contain no environmental harming
elements, such as mercwry that is commonly used m CFLs. Light bulbs using LEDs a5 the hght
source for replacing traditional incandescent bulbs, CFLs and other conventional sources are
required to produce the same as or better quantities and qualities of hght. The quantity of the
light depends on Hyht output, which can be tnereased with increasing LED efficiency, number or
size, as well as electronic driver efficiency. The quality of the hight 1s related to factors affecting
the color rendering index and the light beary profile. Since most packaged LED devices do not
emit hight omai-directionally, a challenge exists when designming replacement bulbs using
packaged LEDs that do emit bight omni-divectionally. On the other hand, LEDs emitting m one
direction can be easily adopted for down hghting a5 15 dene with MR 16 lights with heat
management systems and an electronic driver. However, in order to radiate light spatially ustng
LEDs — ¢, i1 a non-unidirectional or ommi-directionsl fashion sumilar o that provided using
incandescent butbs — a special three-dimensional positioning arrangement for multiple LEDs is
generally required. Various embodiments of spatial, radial or otherwise non-unidirectional

hghting using LEDs have been described in the prior art, with examples being found n: US
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Patent No. 0,634,770 (Cao); US Patent No. 6,634, 771 (Cao); U.S. Patent No. 6,465,961 {Cavj;
U.S. Patent No. 6,719,446 (Cao) tssued April 13, 2004, Various further examples can be found
i co-owned and pending US patent applications, having Serial Nos.: 11/397 3237 11/444,1606
and 11/938,131. The above mentioned prior ant provides solutions that create hight beam profiles
similar to those producad by incandescent Hght bulbs. The disclosures of the foregoing issued
patents and applications are incorporated herein by reference. The mvention described below
advances the prior art devices through mwventive means of advantageously transferring heat
energy awav from the LED lighting device to a separate heat sink to dissipate the heat away from
the LED light source. The invention thus helps to nnprove heat management and light beam

profiles in LED-based lighting.

SUMMARY OF THE INVENTION
{0004}  The invention discloses a 3 dimensional LED arrangement and heat
management method using a heat transfer pipe to enable the heat transferred quickly froma 3
dimenstonal cluster of LEDs to & heatsink with/without active cooling, The light emitted from
the 3 dimensional cluster 1s not ohstructed by any heat sink arvangement so that the hight beam

profile can be similar to waditional incandescent bulbs,

BRIEF DESCRIPTION OF THE DRAWINGS

[000S]  FIG. | provides 4 perspective view of one embodiment of an LED lighting
device according to the present nvention;

[0000] FIG. 2 provides a cross sectional view of the LED lighting device illustrated
FIG. 1,

[0007]  FIGL 3 provides a cross sectional view of one embodiment of g heat pipe as used
1 the present mvention,

[0008]  FIG. 4 provides a cross section view of a second embodiment of an LED
lighting device according to the present invention;

{00691  FIG. § provides a perspective view of a vet further embodument of an LED
hghting device according 1o the present invention;

{00101 FIG. 6 provides a eross sectional view of the LED lighting device illustrated in

FIG. 5, and

b3
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00111 FIG. 7 provides a cross sectional view of vet another embodiment of an LED

lighting device according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

(00121 Referring to FIGS. 1 and 2, an embodiment of the present invention is
tHustrated depicting an LED highting device 100 having a plurality of panels 102 and LEDs 103
mounted to the panels 102 and advantageously arranged about a central axis for space lighting -
e, lighting i g non-unidirectional fashion similar to that provided psing incandescent bulbs.
Humination from the highting device 100 is provided by the plurality of LEDs 103, A glass or
plastic bulb (or ransparent housing) 106 encases the LEDS and the various components that
incorporate the assembled lighting device 100 and is sized such that the bulb 106 appears like a
traditional Light bulb. I desired, the bulb can be frosted, colored or wansparent, which further
penmits the ighting device 100 10 appear as 8 traditional light source.

{00131 The panels 102, m one embodiment, are mounted to a multi~faceted frame 124
A heat conduction pipe 1035 extends substantially along the central axis referred to above and
includes a proximal end 120 and a distal end 122, Generally speaking, the heat conduction pipe
refers to anv structure or material capable of conducting heat from high 1o low temperature. The
frame 124 18 secured to the proximal end 120 of the heat conduction pipe 103, The frame 124
has an upper 126 and lower 128 swface with holes 132 extending through the surfaces for
mounting the frame 124 10 a rod-like 130 portion of the heat conduction pipe 105. The frame
124 can be secured to the heat conduction pipe 105 using a tight friction-fit or a heat conductive
paste between the outer surface of the pipe 105 and the mner surface of the holes 132 or using
sutable adhesives or fasteners.

{00141  Furher, the frame 124 can be solid or hollow, depending on the heas load or
weight requirements. For a relatively hightweight highting device, for example, the frame 12418
advantageously constricted from metal sheat stock ~ e.g., aluminum or any other heat
conducting material — and constructed using fold lines positioned on the sheet stock o yield the
desired three-dimensional multifaceted shape or destgn. On the other hand, for a relatively
hegvier lighting device, the frame can be constructed using @ slug of metal or any other heat
conducting matertal, the shug bemng cast or machined or otherwise molded 1nto the desired
multifaceted shape or design, Embodiments enmploving the hollow design may include heat
conducting means - e.g., rods or fins - connecting the frame 124 {0 the heat conducting pipe 108

3
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for enhanced transter of heat from the frame to the pipe. The facets of the fiame 124 can be
vertical or angel positively or negatively, depending upon the desired light beam profile of the
lighting device 100 and the emitting patterns of the component LEDs.

[0015]  As farther indicated in FIGS. 1 and 2, the phurality of panels 102 and LEDs 103
are secured 1o one or more of the faces of the multi-faceted frame 124, In one embodiment, pairs
of screws 134 secure corresponding panels 102 to each face of the frame 124, The light emitting
portion of each LED 103 extends through a hole in the panel 102 while the backside of the LED
15 attached to euther the panel 102 or the face of the frame or both using a heat conductive paste
144, In one embodiment, the LEDs 103 are wired in series by connecting corresponding positive
and negative leads from gach LED 103 using wires 104, The LEDs can also be connected using
combinations of serial and parallel circuitry depending on the components used and the
requirements of the electronic driver, A pair of power conducting wires 140, 142 supply power
to the LEDs 103 from an clectronic driver 145, The electronic driver 145 is used to covert AC
input to DO output that 18 generally required to deive LED cireustry, electiically solate vanous
components of the device from one another and to coutred operation of the LEDs — e g, control
dimming. The electronic driver 145 is posttioned inside a standard Edison base 111 of the
lighting device 100 and connected to the Edison base which generally receives AT power
through conducting leads 246, 247, However, if the LEDs on the frame 124 can be driven
directly by AC power, then the electronic driver 143 is not requived in the embodiment. The
threaded base portion generally comprises the components and sizes associated with a standard
Edison screw base - e.g., size E27, and ranging from E3 10 E40; while threaded base portions are
generally preferred for conmection with an external supply of power, other means of connection —
.., pins or prongs - are considered within the scope of the taveation. Swrface mounted LEDs
are generally preferred for the foregoing embodiment, and those skilled in the art will appreciate
that while the above description refers to wirmg the LEDs in series, the LEDs are also readily
wired in parallel or using combinations of series and parallel circuitry.

00161  Sull referring to FIGS. 1 and 2, the distal end 122 of the heat conduction pipe
103 extends info a heat sink 108, The heat snk 108 is iHustrated having fins 110 for dissipation
of heat, although rods or other configurations of heat dissipations means may be used. The fing
110 extend from a heat conducting shug 112 that conducts heat away from the distal end of the

heat conduction tube 103 and to the fins 110, In cne embodiment, & fan assembly 114 s
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positioned below the heat sink 108 and directs a flow of cooling air past the fins 110 of the heat
sink 108, The bulb 106 may be completely sealed, as llustrated in ¥FIG. 2. 1o such case, the
flow of cooling air 1s directed through the fins 110 and about the outer surface of the bulb 106,
Alternatively, the bulb 106 may include an opening adjacent the fins 110, m which case the flow
of cooling air is directed past the fins 110 and mto the interior of the bulb 106, Referring to
embodiments where a fan 114 1s used, a storage space 116 is incorporated into the lighting
device 100, typically above the threaded base portion 111 and the below the heat sink 108,

{00171 Refernng to FIG. 3, i one embodiment, a heat conduction pipe 150 for use with
the present invention includes a sealed cylindrical tobe 152, a wicking structure 154, a working
fluid within the wicking structure 152 and a hollow space 156 intertor to the wicking structure
154, Application of heat at a proximal end 170 of the heat conduction pipe 150 causes the
working fluid at that point to evaporate to the gaseous state, picking up the latent heat of
vapotization, The gas, which then has g higher pressure, travels along the hollow space 156
toward the cooler distal end 172 where it condenses back to the iguid state, releasing the {atent
heat of vaporization to the distal end 172 of the heat conduction pipe 150, The condensed
working fluid then travels back along the wicking stracture 152 toward the proximal end 170 and
repeats the process.

{0018] In an altemative embodument the heat conducting pipe may include an mienor
section housing an interior solid material having a melting point below that of the material used
to construct the heat pipe. In such case, the latent heat of melting of the interior material may be
used to stove a portion of the heat generated by the LEDs as the mterior matenial changes phase
from a solid to a hqud, In one embodiment, for example, the heat conduction pipe 5
constructed of aluminum or copper and houses an mienor material comprising tin or fead, both
of which exhibit melting points substantially below that of both copper and aluminum. Gallium
may also be ased as a suitable metal for the mterior material. A stll further alternative is o
substitute 3 solid rod, constructed using materials having good heat conduction properties, e.g.
alurnrsum or copper, for the more conventional heat conduction pipes described above.

00191 In one embodiment, the heat conduction pipe 15 a cyvhindrical rod between gbout
two (23 and about three (3} inches in length and between about one-guarter (1/4) and about three-
quarters (3/4) inch in diameter and construeied of copper; the heat sink 108, including the heat

slug 112, 1s between about one-half (1/2) and about one (1) inch in diameter and between gbout

LV
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one-quarter { 1/4} and about one (1) inch m thickness and constructed of aluminuny; and the
frame 18 a six-sided hexagon-shaped hollow frame constructed of aluminum sheet, having an
average diameter between about one-half {1/2) and about one {1} inch, a length between about
one-guarter { 1/4) and about one (1) inch and a sheet thickness of between about one thirty-
second {1/32) and about one gquarter (1/4) inch. The shape of the bulb 106 approximates the
shape of a standard 100W incandescent bulb having a standard E27 Edison screw base.

{00201 Referring now to FIG. 4, another embodiment of the present mvention 15
tlustrated. An LED highting device 200 mcludes a plurality of LED chips 203 that are mounted
to a multi-faceted frame 224 and advantageously aranged sbouot a central axis for space lighting.
Humination from the highting device 200 is provided by the plurality of LED chips 203, This
hghting configuration s simular to that discussed above regarding FIGS. 1 and 2, with the
exception that the highting in the current embodiment is provided by LED chips mounted on the
nilti-faceted lead frame 224, rather than surface mounted LEDs. Various exemplar chips
sustable for use with the present invention are disclosed 13 US Pat. No. 6,719,446 {Cao), the
disclosures of which were previously incorporated by reference. As dlustrated n the figure, the
LED chips 203 are mounted divectly to the multi-faceted frame 224, Switable adhesives, sach as
epoxy, may be used to mount each chip to the frame 224, A glass or plastic bulb 206 encases the
LED chips and frame 224 and, as detailed below, the various components that incorporate the
assembled lighting device 200.

{00211 I desived, an optional laver of phosphor 250 encases one or more of the LED
chips 203, The faver of phosphor is advantageous m that i1, for example, m one embodiment,
produces a white light or the appearance of a white Hght ~ .., by using an ultraviolet LED chip
to stimulate & white-emitting phosphor or by using a blue LED chip to simulate a vellow~
emitling phosphor, the vellow light stimulating the red and green receptors of the eve, with the
resulting mix of red, green and blue providing the appearance of white light. In one
embodiment, white light or the appearance therent is produced through use of a plurality of 450-
470um bloe galliun nitnide LED chups covered by a tayer of vellowish phosphor of certum
doped vitriuny aluminem gamet erystals,

{00221  The LED chips are electrically connected within the highting device 200, in one
embodiment, by connecting a negative terminal of each chip to the frame 224 using a fivst wire

210 and by conpecting a positive terminal of each chip to an electrically conducting cap 212
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using a second wire 214, The electrically conducting cap 212 15 positioned atop the frame 224
and electrically insulated thereiftom by an insulation layer 216, which can be constructed using
epoxy, AIQ or any other material having electrically msulating properties. A pair of electrical
conducting wires 240, 242 supplv power to the LED chips 203 from & standard threaded base
portion 211 of the bulb device 200. The pair of power supply wires 240, 242 extend,
respectively, from corresponding contacts at the base portion 211 to the electronic driver 245
mside. Sinular to that desersbed above, the electromic driver 245 is used to covert AC input to
DC output that 1s generally required to drive LED circuitry, electnically solate vartous
components of the device from one another and control operation of the LEDs — ¢.g., control
dimming. The electronic driver 245 s positioned inside s standard Edison base 211 of the
hghting device 200 and connected to the Edison base which generally recetves AC power
through conducting leads 246, 247, However, if the LEDs on the frame 224 can be driven
directly by AC power, then the electronic deiver 245 15 not required i the embodiment.. In this
sense, the LED chips 203 are wired in paraliel. As discassed in reference to the previous
etnbodiment, however, series-wired counterparts to that disclosed i this embodmnent are readily
apparent to those skilled in the art and are considered within the scope of the present invention.
H desired, an epoxy cap 208 15 used to cover the frame 224, first and second wires 210, 214,
LED chips 203 and phosphor layer 250, among other components of the lighting device. The
epoxy cap 208 acts as an optical lens and also as a protection layer for the various identified
coOmponents,

{0023} Sall referring to FIG. 4, a heat conduction pipe 203 extends substantially along
a central axis of the lighting device 200 and includes a proximal end 220 and g distal end 222
The frame 224 15 secured {o the proximal end 220 of the heat conduction pipe 205 1 a manner
simitlar to that described above with the previous embodiments. Likewise, the distal end 222 0
the heat conduction pipe 205 extends inte a heat sink 208 that 1s constructed and positioned
similar to that described above with the previous embodiments. The various embodiments of the
heat conducting pipe and heat sink discussed above, including the means of cooling the same,
apply equally to the embodiments just described with reference 1o FIGS. 1 and 2.

(00241  Referring now to FIGS. 5 and 6, a still further embodiment of the present
invention is disclosed. An LED hghting device 300 has a phurality of panels 302 and LEDs 303

mounted to the panels 302 and advantageously arranged gbout a central axis for space lighting.
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Hiumination from the lighting device 300 s provided by the plurality of LEDs 303, A plass ot
plastic bulb 306 encases the LEDs and, as detailed below, the various components that
incorporate the assembled lighting device 300, The panels 302, in one eavbodiment, are mounted
to a multi-faceted frame 324, which can be constructed as described with respect to the
embodiments referred fo above. More particularly, the shape of the frame 324 in this
embodiment approximates a sphere, such that vectors pointing outwardly normal from each face
sweep in both longitudinal and fatitedinal directions with respect to the sphere approxumated by
the frame, thereby producmg a higher degree of omni-directional special highting — 1.2, a closer
approximation o hight emanating outward in a sphencal divection, with the greater the number of
faces in the longitudinal and latitudinal directions, the better the approximation,

{00251 A heat conduction pipe 3035 extends substantially along a central axis of the
lighting device 300 and mcludes a proxunal end 320 and a distal end 322, The frame 324 is
secured to the proximal end 320 of the heat conduction pipe 305 i g manner similar to that
described above with the previous embodiments. Likewise, the distal end 322 of the heat
conduction pipe 305 extends into a heat sink 308 that 18 constructed and positioned sinular to that
described above with the previous embodiments. The varions embodiments of the heat
conducting pipe and heat sink discussed above, including the means of cooling the same, apply
equally 1o the emboduments described above. Further, it 1s noted that the various embodiments
concerning the use of surface mounted LEDs and LED chips, including the manner of wiring in
series or parallel, the optional use of phosphors or epoxy coverings and the optional use of a
cooling fan, may be vsed with or incorporated into the embodiments depicted in FIGS, S and 6.

[0026] Referring now to FIG. 7, a sull further embodiment of the present invention 18
Hlustrated and disclosed. An LED lighting device 400 mncludes a first heat sink in the form of a
disk-shaped frame 424 and a plurality of LEDs 403 mounted to the frame 424 and
advantageously arranged about the frame for directional space lighting. Hlumination from the
lighting device 400 s provided by the plerality of LEDs 403, In one embodiment, the LEDs 403
are wived in series using conmecting wires 404, A paw of electrical conducting wwres 440, 442
supply power to the series-wived LEDs 403 from a standard threaded base portion 411 of the
lighting device 400, An electronic driver inside the base 411 provides power to the LEDs. The
frame 424 can be constructed as deseribed with respect to the frame elements of the

gmbodiments referred to above - i.¢., the frame can be solid or hollow. 1 an alternative
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embodiment, the frame 424 includes a first or upper surface 451 and a second or lower surface
452 and a pharality of heat dissipating fins 433 disposed between the two surfaces.

{00271 A heat conduction pipe 405 extends substantially along a central axis of the
lighting device 400 and includes a proximal end 420 and a distal end 422, The frame 424 15
secured 1o the proximal end 420 of the heat conduction pipe 405 in 2 manner similar to that
described above with the previous embodiments. Likewise, the distal end 422 of the heat
conduction pipe 405 extends into a heat sink 408 that 1s constructed and positioned similar to that
described above with the previons embodiments. The various embodiments of the heat
conducting pipe and heat sink discussed above, including the means of cooling the same, apply
equally to the embodiments described above. Further, it is noted that the various embodiments
concerning the use of surface mounted LEDs and LED chips, including the manner of waring in
series or parallel, the optional use of phosphors or epoxy coverings and the optional use ofa
cooling fan, may all be used with or meorporated mto the embodiments depicted in F1G. 7.

{00281  The LED devices or LED chips used to construct the lighting devices described
above may emit single or multiple colors or white color. The bulls or encapsulating cover can
also be frosted or clear or coated with phosphor to convert the light from LED to different colors
as required. While certain embodiments and details bave been included herein and in the
attached mvention disclosure for purposes of illustrating the invention, it will be apparent to
those skitled m the art that various changes in the methods and apparatuses disclosed herein may
be made without departing from the scope of the mvention, which is defined in the appended

claims,
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CLAIMS
What s clammed is:
I8 A lighting device, comprising

a frame;

a plurality of LED sources of light mounted on said frame;

a heat sink spaced from said frame;

a heat conducting pipe having & proximal end and a distal end, saxd proximal end
connected to said frame and said distal end connected to said heat sink;

an electronic drver positioned proximate said heat sink and configured to connect
to an external source of power; and

first and second electric conducting wires connecting said electronic driver to

said plurality of LED light sources.

2. The highting device of claim 1, further comprising a transparent housing.
3 The hghting device of claim 2, wherein said electrical connection to an external

source of power comprises an Edison scraw hase,

4. The lighting device of claim 1, wherein the phoality of LED light sources
comprises a plurality of surfaced mount LEDs.

5. The lighting device of claim 1, wherein the plurality of LED light sonrces
comprises a pharality of LED chips.

6. The lighting device of claim 1, wherein the frame has six faces and a hexagonal
cross section, and wherem an LED soorce of light is positioned on each face.

7. The lighting device of claim 1, wherein the frame is moltifaceted 1 both 4
longriudinal and latitudinal direction, and wheren an LED source of hight i3 positioned on each
face of said multifaceted frame.

8. The lighting device of claim 1, wherein the heat conduction tube comprises an
outer tube, a wicking material and a working fluid..

9. The highting device of claim 1, wherein the hegt conducting tube s constructed of
a first material and includes an inner material baving 3 meliing temperature lower that the
melting temperature of the first material.

10, The highting device of chum 9, wherein the first matenial is copper and the muer

material is galliom,

10
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11, The tighting device of claim 1, wherein the heat sink mcludes a plurality of haat
dissipating members and wherein the heat sink is constructed of aluminum.
12, The lighting device of claim 11, wherein the heat dissipating tiembers are fins.
13, The lighting device of clahm 11, wherein the heat dissipating members are rods,
14, The heat device of claim 1, wherein the frame is constructed of a solid non-
hollow piece of metal.
15, The heat device of clum 1, wherein the frame 1s hollow and construcied of metal.
16. A hghting device, comprising:
a multifaceted heat conducting frame having a plorality of faces;
a plurality of LED sources of light mounted, an LED source of light being
mounted on each face of said pluratity of faces;
a heat sink spaced from said frame;
a heat condncting pipe haviag & proximal end and a distal end, said proxumal end
connecied (o said frame and said distal end connected o said heat sink;
an electronic driver positioned proximate said heat sink and configared to connect
10 an external source of power;
an electrical conductor connecting said electrical connection to satd plurality of
LED hight sources and the electronic dnver; and
a housing.
17, The lighung device of claim 16, wherein said electrical connection to an external
source of power comprises an Edison serew hase,
18, The lighting device of claim 16, wheramn the plurality of LED light sources
comprises a plurality of surfaced mount LEDs.
19, The lighting device of claim 16, wherein the plurality of LED light sources
comprises a plurality of LED chips.
200 The lighting device of claim 16, whereln the heat sink includes a plurality of heat
dissipating members and wherein the heat sink s constructed of alominum,
21, Alighting device, comprising:
a multifaceted heat conducting frame having a plurality of faces;
a plurality of LED chip sources of ight mounted, an LED chip source of light

being mounted on sach face of said plurality of faces:

1
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a heat sink spaced from said frame, said heat sink mcloding a plurality of heat
dissipating members and constructed of aluminum;

a heat conducting pipe having a proximal end and a distal end, said proximal end
comected to said frame and said distal end connected to said heat sink;

an electronie driver positioned within an Edison screw base that 1s positioned
proxumate said heat sink and configured to connect to an external source
of power;

an electrical conductor connectmyg said electronic driver to saxd plurality of LED
light sources; and

a housing.

22, A hghting device, comprising

a frame;

a plorality of LED sources of Light mounted on sard frame, said LED sonrces
operable to directly receive AC power input;

a heat sink spaced {rom said frame;

a heat conducting pipe having a proximal end and a distal end, said proximal end
connected to said frame and said distal end connected to said heat sink;

a connection base positioned proxinate said heat sk and configured to connect
to an external sonrce of power; and

first and second electric conducting wives counecting said connection base to said

plurality of LED light sources.
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