NON-GLARE REFLECTIVE LED LIGHTING APPARATUS WITH HEAT

SINK MOUNTING CROSS-REFERENCE TO RELATED APPLICATIONS
WOR0¥]40rfd is a PCT application claiming priority under 35 U.B{@/CAZ¢ 900689

of U.S. Provisional Patent Application Serial No. 61/055,858, filed May 23,

2008, U.S. Provisional Patent Application Serial No. 61/057,289, filed May
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FIELD OF THE INVENTION [0003] The present invention relates to
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FIELD OF THE INVENTION

[0003] The present invention relates to electrical lighting devices and systems
and, more specifically, lighting apparatuses using at least one single-chip or multi-
chip light-emitting diode (“LED”), back-reflecting collection optics for LEDs, and an
improved heat sink mounting apparatus which promotes efficient heat dissipation

generated from the LED while minimizing light obstruction and glare.
BACKGROUND OF THE INVENTION

[0004] For years, people have used traditional incandescent or fluorescence
lighting apparatuses in order to address their interior lighting concerns. However,
such lighting apparatuses present a number of drawbacks. For example, the
popular AR111 halogen apparatus presents the following drawbacks -- relatively
high power consumption, inefficiency of light dispersion due to the placement of
its metal shield in the line sight of the halogen bulb, and its limited effectiveness in

preventing glare from the halogen bulb.

[0005] Recently, a number of LED lighting apparatuses have been designed to

replace the AR111 halogen apparatus, as well as other traditional incandescent or



[0005] Recently, a number of LED lighting apparatuses have been

designed to replace the AR111 halogen apparatus, as well as other
WortidHabIhcandescent or fluorescence lighting apparatuse® Gi/preIf?/4pP689

such LED lighting apparatuses, the LED light source is located at the

center of a reflector with its light emission directed outward from the
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reflector disposed within the main housing, the reflector having a front side

Intefnatiopadr ditfe; emfilach thERRIANG! cdVprRRORIRRE erRy Safk rfRiin Solid - State

AuldPHSING Bidis@igenducting body positioned to face the front side of the
reflector, the heat conducting body comprising a heat pipe thermally
coupled to the top rim: at least one light-emitting diode thermally coupled

SUMMAREQEHS JM]\QEA%E!P% at least one light-emitting diode being

positioned to face directly at the front side of the reflector so that light
[oooTijttédl fight bk thideabbose tigdreemidtity diodeis direftietdo thepfoud the art.

side of the reflector. The li emitt at leastone LED |s .. .
SPECRINGIRFES R DR Oct 20 thE oM o RSELLe dMghstiminates or
redsigestagitiadly andntiaslyaraflenmd\fm tioeripaict siderofaibflectod petbidhasatembly
wh’g Sf)trgpneo eEsDeﬁlré?e% %@%?%?scjsqgg |8P1 QRgYéted from the LED (such as a high-
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components needed in such assembly.

[0008] In accordance with an aspect of the present invention, a lighting
apparatus comprises a main housing; a reflector disposed within the main
housing, the reflector having a front side and a rear side; a top rim thermally
coupled to one end of the main housing; a heat conducting body positioned to
face the front side of the reflector, the heat conducting body comprising a heat

pipe thermally coupled to the top rim; at least one light-emitting diode thermally
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[0009] According to another aspect of the present invention, the heat
conducting body is substantially S-shaped and comprises a middle portion
WeraPsIHtEhaped; and curved wing portions extending from B{eTHRrAHS/000689
portion, each the curved wing portion being coupled to the top rim. The

middle portion of the heat conducting body can also be substantially
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high-heat conductive material. [0012] According to another aspect of the
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conducting body is positioned near or at the central optlcal axis of the
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apparatus further comprises a metal cladding coupled to at least a

ial portion of the heat cond body. The metal ¢ ing.is .
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WBerboIa ellipse or parabola.
[0011] According to another aspect of the present invention, the reflector has a
central optical axis; the lighting apparatus further comprising a mounting platform
coupled to the heat conducting body and positioned near or at the central optical
axis of the reflector and thermally coupled to the at least one light-emitting diode.
The mounting platform is made of thermally-conductive material such as copper,

aluminum or any other high-heat conductive material.

[0012] According to another aspect of the present invention, the heat conducting
body is bar-shaped, and wherein at least one end of the heat conducting body is

thermally coupled to the top rim.

[0013] According to another aspect of the present invention, the reflector has a
central optical axis, and wherein one end of the heat conducting body is
positioned near or at the central optical axis of the refiector, and is thermally
coupled to the at least one light-emitting diode.

[0014] According to a further aspect of the present invention, the lighting

apparatus further comprises a metal cladding coupled to at least a substantial
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[0016] According to another aspect of the present invention, the top rim is
circular and is made of a thermally-conductive material, such as
WQAMNAHHO Icopper, zinc or other high-heat conductive materidl (HGA2$09/000689
According to another aspect of the present invention, the main housing is
substantially frustoconical in shape, and is made of a thermally-conductive
porlTHESIAHE HRIL AR AT RRP S i Bt Y RIRINIg R of a thermally-
conductive material). The main housing can include one or more heat
corglystpaimpfiedalirschain taiRiegscalelisaluBinyiMe GeaRs cbRAY iather high-
heatlahey JANSHAGeRL]ing to a further aspect of the present invention, the
lighting apparatus further comprises a plastic housing, coupled to the main
housing; and a lamp base coupled to the plastic housing. [0019]
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manednosisiagedra asothbsd opmdilaalmraculnmﬂhn"tepape.coupled to the main
housing; a substantially S-shaped heat pipe positioned to face the front
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prising a n comprising a mounting p atf orm located at or

apprratuhdureinratopicisess pagis bonlisirgaprdbietdodheama invocsising and a
'a"ﬁ‘\@f@f% (ﬂﬁeﬂ%qﬂ f?’a@’t'@q?[%gg.lﬁ s respectively coupled to each end
the middle

portion and cou in the top rim; at least one
ht- emlttlr;g diode thermally coupled to the mounting platform and

[Ooa%;mﬁﬁe@r thipdeinpregreront hersesratchivRdivpdbgdarmdrass is an
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the front side of the conic-shaped reflector. [0023] According to a further

ect of the present invention, the I| hti paratus further comprises a
1002 ASSRIERS 10, PIelTHe 2MEL: BhaHonbERThg ANGAUGI the Ionting

ap;mﬁmﬂ%nmﬂkt’éfoﬁﬁmprlses a mounting plate thermally coupled to the at least
one light-emitting diode; and a mounting platform thermally coupled to the
mounting plate and the heat conducting body. The mounting plate is made of a
thermally-conductive material, such as copper or any other high-heat conductive

material.

[0021] According to a further aspect of the present invention, the lighting
apparatus further comprises a glass cover coupled to the top rim, wherein the
glass cover at least covers the reflector, the heat conducting body, and the at

least one light-emitting diode from external environment.



BRIEF DESCRIPTION OF THE DRAWINGS [0024] For the purposes of

illustrating the present invention, the drawings reflect a form which is
W8 MR/ Preferred; it being understood however, that the invBGTEMRIHHA00689

limited to the precise form shown by the drawings in which: [0025]

FIGURE 1 is a perspective view from the top side of a lighting apparatus

00%2?;’%%%%@ \r/?é' vt\/%?r%ﬁr{l; P‘fgrﬂé‘g ?gggﬁ%‘ﬁtlg%[%%%p%% Gty Sapparatus

the botto ting apparatus shown in
COMMPBEIRE Q; [OQEV]fFQGﬂJTQEhﬁWm‘l X-gayevrly fioptasencabrahageor conic-

shdPEJ'FRHRGBPRAYYSRN MR HE RIS HIAAEE FYRY REldSRaped reflector

cross-sectional perspective view from the top side of the lighting
ha\a@@aaaft@%h@dm iR FISURIEE: 90029] FreARPBtica @¥ss-gesiieniar top rim

t r 0 p t
R Bt SRRt one

facgrjbgrﬁmgtgmdw@ﬁrﬂmc@gmg ghaped reflector, the substantially S-shaped heat
pipe comprising a middle portion comprising a mounting platform located at or

near the central optical axis of the conic-shaped reflector, and two curved wing
portions, the curved wing portions respectively coupled to each end of the middle
portion and coupled within the top rim; at least one light-emitting diode thermally
coupled to the mounting platform and positioned facing directly at the front side of
the conic-shaped reflector so as that light emitted from the at least one light-

emitting diode is directed to the front side of the conic-shaped reflector.

[0023] According to a further aspect of the present invention, the lighting
apparatus further comprises a metal core PCB coupled to the at least one light-

emitting diode and the mounting platform.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] For the purposes of illustrating the present invention, the drawings reflect
a form which is presently preferred; it being understood however, that the

invention is not limited to the precise form shown by the drawings in which:

[0025] FIGURE 1 is a perspective view from the top side of a lighting apparatus

according to an aspect of the present invention;

[0026] FIGURE 2 is a perspective view from the bottom side of the lighting
apparatus shown in FIGURE 1;

[0027] FIGURE 3 is an “X-ray” view from the bottom side of the lighting
apparatus shown in FIGURE 3;

[0028] FIGURE 4 is a cross-sectional perspective view from the top side of the

lighting apparatus shown in FIGURE 1;



[0031] FIGURE 7 is a cross-sectional view of a known heat pipe (from
http://en.wikipedia.org/wiki ilmage:Heat_Pipe_Mechanism.png); [0032]

WENIREO78]is a perspective view of a lighting apparatus accorBirig42009/000689
another aspect of the present invention; [0033] FIGURE 9 is a perspective
view from the bottom side of the lighting apparatus shown in FIGURE 8;

[00% SHE 5 10 5 3658555366130 e‘?@ GGG W SR iNA I BB side of
pparatus shown in FIGURE 8; [003 URE 11 is another

thedl@@%“ﬁb@ﬂ@ﬁéﬁ@@@b@ﬂﬂ/@\ﬁé@%ﬁé ,Ilghtlng apparatus shown in
FIGURE 8; [0036] FIGURE 12 is an exploded perspective view of the

[00B@tiIPIGD RE 38U s SH WD J8-5¢ctidR Bl &iidM ] thisS g ipparexd@todrdwn in
cross-sectional view of the lighting apparatus shown in FIGURE 8; [0038]

FIGHBBRE 14 is a perspective view of a heat conducting body (cladded heat
pipe) with an LED coupled directly onto according to an aspect of the
[OOBrﬁSﬁGW@Eti(ﬁm iB039LFEdREctinisl avisspeictive kwof adsatpipe (from

hﬁ%&nduc ﬁ?ﬁgy ncl dded %t&rge % eM%?HﬁI\_?E%‘E%U ed directly

[0032] FIGURE 8 is a perspective view of a lighting apparatus according to

another aspect of the present invention;

[0033] FIGURE 9 is a perspective view from the bottom side of the lighting
apparatus shown in FIGURE 8;

[0034] FIGURE 10 is a cross-sectional perspective view of the lighting apparatus
shown in FIGURE 8;

[0035] FIGURE 11 is another cross-sectional perspective view of the lighting
apparatus shown in FIGURE 8;

[0036] FIGURE 12 is an exploded perspective view of the lighting apparatus
shown in FIGURE 8;

[0037] FIGURE 13 is an exploded cross-sectional view of the lighting apparatus
shown in FIGURE 8;

[0038] FIGURE 14 is a perspective view of a heat conducting body (cladded heat
pipe) with an LED coupled directly onto according to an aspect of the present

invention;

[0039] FIGURE 15 is a perspective view of a heat conducting body (non-cladded
heat pipe) with an LED coupled directly onto according to another aspect of the

present invention;



[0040] FIGURE 16 is a perspective view of a lighting apparatus (which
includes an S-shaped heat conducting body) according to another aspect
WA IdPEsknt invention; [0041] FIGURE 17 is a side view of fHelligh#i#g/000689
apparatus shown in FIGURE 16; [0042] FIGURE 18 is a cross-sectional
perspective view of the lighting apparatus shown in FIGURE 16; [0043]

[00al7 UREURES 75 RXBIPUPLIARIRREGING YEW gj ROR] R SR %\bg%hsiiﬁ&udes

mounting apparatus (which includes a metal cladding, an S-shaped hea

an &oibapedghesalycendictinmdehitorecadinsliitirdpplier, asaest PEHpresent
invé’?ﬁéiﬂ,hting apparatus shown in FIGURE 16; and [0044] FIGURE 20 is a
perspective view from the top side (without a glass cover) of the lighting
aratus shown in FIGURE 16. DETAILED DESCRIPTION OF THE

ap : . . AMLE :
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aspect of the present invention, a lighting apparatus 1 has a reflector 4
[00v2]CIFISCIRPlaE i a trpgsvsSciivmeigie thedictyamidwsofdhpléidhtrg lgadaratus
h condu%kli%q&gﬁgﬁ . The heat conducting body 2 contains a heat pipe 8
SNQYAIA I a cladding 9, and a mounting platform 5 located on
one side of the heat conducting body 2 facing opposite the front side of
[0043] rdfl &R 1A9S hovexModEsURES Beative B isfdbepien tonaamé@lheat sink

ri ireuit "RPCB"),Z Which. s the EREH t egr]%m'
mogﬁﬁloamgﬁgﬁ%ﬁir#ogmggﬁpﬁ%%%isrgst&aﬁ%e (vq\?hlc ,,if?dth%}gspecto %ﬁ% heat
corphesting ilrostytion, isatirdingr)dlaaoh aanmountihat ilatevieled iaoréddayl of the
. _.non-glare protection from lh‘%? lative to existing lighting apparatuses.
“g%r(l)%gf) ﬁ]at'%tsugsséé)é’f/ of rt]h%t%sresent{ §Tvaerr]1§on, the LED 6 is located above
at or near a central optical axis 300 of the reflector 4, and is positioned so

[00dk Iiks YREt2Q irotnrBEs pETH &iyisub Brimtihie topaitdre(virestal glpasecover)
' 4- f wn in FIGURE 6, allowing the
of tﬁe%&@cﬁﬁgﬂ%ﬂgafgzﬁr% %"gﬁiﬁnﬁifﬁﬁ%ﬁt emitted from LED 6, and

reflect the colliminated light awaé
DETAILED DESCRIPTION OF THE INVENTION

[0045] As shown in FIGURES 1-6, and in accordance with an aspect of the
present invention, a lighting apparatus 1 has a reflector 4 which is coupled to a
top rim 3, wherein the top rim 3 is coupled to a heat conducting body 2. The heat
conducting body 2 contains a heat pipe 8 which is cladded by a cladding 9, and a
mounting platform 5 located on one side of the heat conducting body 2 facing
opposite the front side of the reflector 4. As shown in FIGURE 3, an LED 6 is
coupled to a metal core printed circuit board (“PCB”) 7 which is then coupled to
the mounting platform 5. The mounting platform 5 is shaped (which, in this aspect
of the present invention, is circular) in such a manner that it provides increased

non-glare protection from the LED relative to existing lighting apparatuses.

[0046] In this aspect of the present invention, the LED 6 is located above at or
near a central optical axis 300 of the reflector 4, and is positioned so that light
emitted from the LED 6 is substantially or entirely directed to the front side of the
reflector 4; thereby, as shown in FIGURE 6, allowing the reflector 4 to collect and

colliminate the light emitted from LED 6, and reflect the colliminated light away



from the reflector 4 and past LED 6 and the heat conducting body 2. The

heat conducting body 2 intercepts very little of the exiting reflected,
WQaniitaiel light from reflector 4 due to its flat, narrow constrReligri849/000689

shown in FIGURE 3, the flat, narrow construction of the heat conducting

body 2 creates a small cross-section 10 to the exiting reflected,

froffotheinaiegkdpht R selesietelaRd/iHe HiseeBRaLEHME BEa5EAt The heat

invention, the heat generated from the LED 6 travels the following heat

constuetingdoediviize inerreptioparatliglentitdhecrxitrenreflartedtisg [mingted light
fror?il_’ r%!ﬁhQQfBB P HRAPIRS FaClRAHHE LoRltHiRE8HOPALTSRANE TREHRE 3, the

he heat generated from the LED 6 can also travel through metal core

flatpo@rpvwneensitdopiatfatBe chalifgod uetinpiped Zhgreriesop rmal cross-
sed@idR FIIEE Rl e dtiS S PRTUR SR RA IRIREIRTAigRt FRRERRIBLS 40048]

Another aspect of the present invention is shown in FIGURES 8-13.

Specifically, the lighting apparatus 50 contains a reflector 53 which is
[00 Jupi@o“ﬂdﬁa?&ﬂ?ﬁ%ﬁ% S PIERER VRSP IR Bieibedlprieiatathéam the LED 6

tra RIS HEtIRM ARG He NS00 ah RANSH EHB UGN PAsioANRinS: ahaal Bite FCB 7,

which is cladded by a cladding 59, and a mounting platform 54 located on

moyRENG IR e 2eHiEndeBLDIBE fichiRisiposlicand fagBdep 551 3 and
refllEBRLHED TR ﬁéﬂ?@%iﬁt@mﬁé’ﬂE%‘B@ﬁ’ P8 il esugR Betl core

which is then coupled to the mounting platform 54. [0049] This aspect of

PCBe p@wﬂtiﬂgeﬂg’éfﬁ’fﬁblédé‘éaéjﬁi% PobsmigmpevRicRMhdheR b 3 and
rele%ﬁJtr‘ﬁ.SSm?éiﬂ%pfm 28400 mAEiF R0y Haqreatagniereby, increasing

its heat dissipation capacity. The top rim 52, reflector 53, and the main
housing 57 act as heat sinks, with the main housing 57 acting as the

[004&1, APPIBEF sAPGEbEY] K SRERFATM MNEMETS o Sha thd HRHIRES 8-13.
SpbeiticHy Xhésiepiipig hisparerile BOrRAMsIRS o TeRkt6196GWINaR B2coupled to a

between the reflector 53 and the main housing 57, as shown in FIGURES
top i 1WherRInthe dPRIMRAR 635 SAUPIRY de s harigconaveiigbRadie 1. The
hed€B8alicihgTbediest asaeatrdATReatiRJEEB5RHIEN &t @diRRidP BN a cladding

which includes travelling through metal core PCB 60, mounting platform
59,5and 1 gdarig S 9-ateR B4, '8%89@@9?%8'%%%%%@29%%&6?9 body

51 38cis BFHDGIRUSH feflctht B2t CRRealsRY 6] By airwnaRIRGBRER 1, is
60, mounting platform 54, cladding 59, heat pipe 56, and then top rim 52

coulestigr 2 Gt FafR RSy svhighs Ren FrRIEHdS: Biariatisg; platform

54.invention is shown in FIGURES 18-20. Here, the lighting apparatus 500
includes a main housing 501; a reflector 502 having a front side and a rear

oo38F, AR e RO SRS b B whcn
hags@uRlesk tenthe thpainaSeRiaamg BRS64 Femnmasmitigined Sadingediinssly thkereby,
. the frontsi%e oféhe reflector 502 so t tliggtemitted from the LED 504 is .
InCEARipchiiaINEG! SRFRIARCARRE he RETPBIAEbP thd FERACIAHP8paNd the main

housing 57 act as heat sinks, with the main housing 57 acting as the primary heat

sink.

[0050] As shown in FIGURES 10 and 11, the main housing 57 is coupled to a
reflector edge 63. There is an air gap 62 between the reflector 53 and the main
housing 57, as shown in FIGURES 10 and 11. The size of air gap 62 can vary
depending on the size of the reflector 53. The heat generated from the LED 55
travels a heat path which includes travelling through metal core PCB 60, mounting

platform 54, cladding 59, heat pipe 56, cladding 59, and then top rim 52, reflector
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[0052] As shown in FIGURE 19, the heat conducting body 1000 is

substantially S-shaped and includes a middle portion 1001 that is
WR2008H4H%d or substantially bar-shaped; and curved wing porB6RECA30/000689

and 1003 which extend from each end of the middle portion 1001. As

shown in FIGURE 20, curved wing portions 1002 and 1002 are coupled to

53 NIRRT RAZiNG 87RINHRE REA B 3105505 RBGHK retaflliG PcB 60,

permit the curved wing portions 1002 and 1003 to fit within the slots 520,
mogptingepiadietve G4 tHiading &niked) ety anthihaadeeoimuednieheaior 53

andlg%@,ﬂqg‘gﬁ%%(im 503. The heat conducting body 1000 and the top rim
503 can also be coupled via soldering, thermal epoxy or any other

techniques known in the art which are used to couple the heat conductingI
[0053kyArRifes BRPRSS *h B193 PIRSSSE TRYSER CShARANG By FOY3ES 18-20.

Her8CIHE HghMRY HBIh PO 800 3P ollitkels is NASHORBH 1AM 50 At HedTRIE 502
optical axis of the reflector 502, and a mounting plate 531 coupled | )
havigu &P iesiABLARA PplabFifs3 @ AR E@D%%Q.C?Helﬁéaﬁocmlﬁeﬁﬁb housing

50100sHhEBPQaIRfLEHEIBE dyhead piRmhigHORAIRSkAfdhed W ip & arban $lof the
and/or one or both of the curved wing gortions 1002 and 1003. [0054] A

reflgeies) (eLaant eipledh toethe dpRAM he HRALEA RR4iRs saposiie edh facing

direXRR e Shovad bHRUR et rstbstaiial Rfitiematdbeaniddie LED 504
portion 1001 of the heat conducting body 1000 is coupled to the metal

is sypsiaRtPserevimkaiasiRidg Bxofeent sidaidhe selertcanirect

electrical cable or wires which extends from the top rim 503 to the LED

[0052% adenshibwrmititEIRPN 30tHedhdae bead Gotirety ety braN0L0SIsstdntially
is made of a thermally-conductive material, such as stain|ess steel, ,
S-SR RO SIS ) G FRCHERe b 1AL AS O RIEREAR foBE 51 Rgtantially
barséieypedd RiUERVES, Wig@rpsaidrisveoiensean 10080 eidHasstendefr8AY each

which is coupled to the to®rim 503 and a cap @H%Oé Theglass cover

endy6h tiemttdla Rortion el AfikcrBS s ME R AthgPHBRA1 B Mrtions

100RHHING PlagRsreRdsletheories fdip gintase H 3V e ihERSEH fIBM503 has slots
environmental hazards, such as water and dust. The ?P\Sé cover can also

524,anskad Ty AU RERBHE iR THEVESpUtRd BPHE ik d@rtbihin the
slofs BYBURES feSrndifehs. tISeb) T pe prasant sdentie) shthalsehtchaifiucting
a plastic housing 700 that is cougled to the bottom end of the main

body 48Ry 30, BRdPIAImH I ESe 709 (et Cansd na syt A0ntothgigP im

50Daem anEdelavaesslithabisconglatéentze BIRSHE BEUsNIotAEr teitiniques
Conducting Body [0057] As shown in FIGURES 4 and 11, the heat

kn%dﬁéﬁﬁg% E{hﬁr@o%ﬁﬂ to couple the heat conducting body 1000 to the
top rim 503.

[0053] The heat conducting body 1000 includes a mounting platform 530 which
is positioned near or at the central optical axis of the reflector 502, and a mounting
plate 531 coupled between the mounting platform 530 and LED 504. The heat
conducting body 1000 also includes a heat pipe is located at the middle portion

1001 and/or one or both of the curved wing portions 1002 and 1003.

[0054] A metal cladding 550 can be coupled to the heat conducting body 1000.
For example, as shown in FIGURE 19, a substantial portion of the middle portion
1001 of the heat conducting body 1000 is coupled to the metal cladding 550. The

metal cladding 550 can be used to secure and direct electrical cable or wires

9



a heat pipe 8, 56 which is cladded by a cladding 9, 59, and a mounting

platform 5, 54 located on one side of the heat conducting body 2, 51
Vo280l bbsite the reflector 4, 53. The cladding 9, 59 can beRRAYA390R/000689

thermally-conductive material such as aluminum, copper, graphite or zinc,

and can include a mounting platform 5, 54. The cladding 9, 59 can be

use ingr r th [ Ty :
W B R e L B o AT potion 1001
of thadhasticond titimg boidyrHiDAnarspis auadethé ahthe muphtes hduetigemterial,

61qt [ u ri , pefl r mai ;

S e OSSR R LAd Pt 7 3P dtner BRTIGER copductive
mategialconducting body 1000 can be coupled to a metal cladding 550. Metall

cladding 550 covers a substantial portion of the middle portion 1001 of the

[00B8ft ARNESHAIR FE LRE0 1@qHe YresHior RGBS BARPPRASISRFHING cover

electric cable or wires between heat conducting body 1000 and metal
80Qhishgssovaled de diredenysndP8Ieqd acerth wi8s theelass sover 800

proldi8 AR LN ITRR £R500 NiRE G e b ARIBIRENESE VEoBEIeHa! mounting

such as stainless steel, aluminum, copper or any other high-heat

platferauedle ihatatruntitb gl et Ratve L s REdfnenr enyirgnmenka hazards,
sudrER Watdnh ARG VDRIt e Peahcosd usding sty g&qiuwﬁttaﬁ with the

mounting platform 92 of cladding 93). [0060] In another aspect of the
aspsrelserlt thedngsantHevesdionseidaith idddeddRES &8 HIGURE 15
shows a heat conducting body 100 wherein an LED 103 is coupled onto a

[005OUNHRE Riatimt 197 idishdaninatypn.istiaady SopRISEiond SALPIGD that is

101. The mounting platform 102 can be cylindrically-shaped, and can

coupipshiR tbeRptiorRtan LAt e MARRP YNGRy BPthe P hRsadR] (e.g. an
E260RGhb Thiesbedt mps (sysimppaeat RiRCES DarhBlh 488 paragdesipled to the

porous copper incorporating a large number cavities filled with pure water.
plagticdpemsing FIGURE 7, water within the heat pipe evaporates to vapor as
it absorbs thermal energy from a heat source. See 400 in FIGURE 7. The

Hedti0UHEdotiaig Blaely migrates along the vapor cavity to cooler sections of
the heat pipe. See 401 in FIGURE 7. There, the vapor quickly cools and

ndenses back taflui e fluid is absporbed by the, wick, releasi .
oo S s S S - B ERR o dE b8 AR contain
a heakepipavitjesttavttiehhisatEdidedtions (Saddad 9 FIGaREa)@audingppatiorm 5,

the heat pipe thermal cycle described aboye. The heaj pipe use the .
54 ey B ol B TR R AR g N, P il hoppsite the
refleetdrsinkH 3uci he thlatmingma3, 52, cafletter dase, arfidamthiarhwalkirmpbductive

?Ol. : : : : .
matenal such as aluminum, copper, graphite or zinc, and can include a mounting

platform 5, 54. The cladding 9, 59 can be used to increase structural strength of
the heat pipe 8, 56, assist in transferring and spreading the heat from the LED 6,
55 to the heat pipe, and assist in the transferring and spreading the heat from the
heat pipe 8, 56 to the heat sinks, such as top rim 3, 52, reflector 4, 53 and main

housing 57.

[0058] As discussed above, and as shown in FIGURE 19, the heat conducting
body 1000 can be coupled to a metal cladding 550. Metal cladding 550 covers a
substantial portion of the middle portion 1001 of the heat conducting body 1000,

and is used for aesthetic purposes, securing electric cable or wires between heat

10



[0062] The heat pipe can be flattened (in a cross-section direction) into a

thin strip in order to minimize light absorption. [0063] Another aspect of
WeresrEERMt invention includes a heat conducting body with oRE BICARHE/000689

heat pipes. For multiple heat pipes, each heat pipe is connected to a

center hub (like a spoke on a wheel) positioned near or at the central

cori?ﬂft‘%ﬁ‘li1 5y FoSHISHA mERR E%HSH&J@%C@@/& BPLEHAY Mﬁ%l@éﬁ’fc cable

one ormore” LEDs, and is made of thermally-conductive material such as

or wiesirigntheoppé&} &Oény dtremaial eladdined S canategiangdesaf mermally-
corftRGE ATRRERT LR PraseptinLeRliqReing R GAN UG RS 8RRES high-

up to or near the'central axis of a reflector and being coupled to the top
heatracendsitiveneatatisgdction point (such as connection point 900 or 901 for
FIGURE 1, or connection point 910 or 911 for FIGURE 8). As a result, the

[00'5 t ARAbSHRENROSY SleRmet frguRenerd 1RO Bdiameish dfthgrémyiBFixed

IGURES 1 and 8. At or near the central axis of the reflector, the heat
Ont%ﬂﬁéﬁﬁ@’b@éﬁ}'ml%% QG ¥iantheypriFSIAG wlatfarm 23 ofdagling 93).

coupled thereto, or an LED coupled to a metal core PCB or a mounting
[ooawelmbmﬂetr@s“pe@uwedw@ ﬁnes:mummmqurm Aédg plissniatinet cladded.

as ect nvention reduces I| ht bloc sed b theh
oGRS BB U o ol T CED 103
is csba@rwc;@ntfand hﬁrtiugllfdg Mﬁﬁ}ﬂd h@%%ﬁ}tﬂguﬁlaﬁmmﬁl ,,cﬁ|‘bcll92€<5l3;61ed to a
are made o therma condaductive material such as . aluminum, copper or
head DI AP igh e DI Rt TALTL 102 A28, B2 URASIGEUNABBIECheand can

parfIynSinearsieslysaisias antsassaensuh@laed tHeteetiopifserndhe LED
relative to existing Iight apparatuses. In the present invention, the

S |rect re from the LED is r atl ast m|t at
10oBF S TS R RE Bl As Mt B G o i e E pdBtighed Porous
coﬁpemg\w@mmmgm rangmmbanbmlhfghﬁlmdlmﬂwfmIrethﬁt&D iAs shown in
tlal or entirely direc d to the reflector 2) the m tin
PG RTINS oo REaaRIRe YRR ARG SReveandCeaLpsidoprmal
en@t;lg}ﬂérbEDaahaaY GV ﬂ@e4ﬁbfledmemaﬁﬁmh5t\e‘laemm@£ vﬁlér then
ema e of thermgj{ly ﬁctlve aterla salu%1 aﬁm and 401
MIQATEH AR Sh KA NBRAHGRNHHS PSS %8 W, Bt of §6 401 in
FlGwR%ermaﬂereplﬂdecxa@mquayWsaamaebnd@ﬁkﬁs] Bachavfiurl, and the
fluid Ilc's;%%sEo(rsbelg%ye E[wgevelérlgrrr]e g%sHEE t%e?'r%gPsetr?grt&/l!y %ree 402 in FIGURE 7.
The fluid then returns along the inner cavities to the heated sections (See 403 in
FIGURE 7), and repeats the heat pipe thermal cycle described above. The heat
pipe use the above-described mechanism to transmit thermal energy from the
LED to heat sinks, such as the top rim 3, 52, reflector 4, 53, and main housing 57,

501.

[0062] The heat pipe can be flattened (in a cross-section direction) into a thin

strip in order to minimize light absorption.

[0063] Another aspect of the present invention includes a heat conducting body
with one or more heat pipes. For multiple heat pipes, each heat pipe is connected
to a center hub (like a spoke on a wheel) positioned near or at the central optical

axis of a reflector. The center hub acts as a mounting platform for one or more

11



entirely directed toward the reflector 4, wherein the reflector 4 collimates
the light emitted from the LED 6 into a light beam and reflects the light

W2 Mte ' particular beam angle. The beam angle can rang& T&m2908000689
60 Full Width Half Maximum ("FWHM") degree. To eliminate or reduce
glare, the reflector 4 of the present invention is designed to collect

LEBWbs ey i BHRkRSINeRS squtesk R hg L a8 HluRfiGH BSpper or

light in a manner which eliminates (or at least mitigates) luminance of the
any,ptaehhighdneiahcRnArct v reatgriak zone (i.e, approximately 45 to 85
degree with respect to vertical). [0068] The reflector 4, 53, 502 can take a

[00GA]ely ChsbrrReSdepRahiae thariprssight Pramipattets. eednddadheRes body
in any conic section (e.g., hyperbala, ellipse or parabola), used singularly

extgpds Wil CE ARG REN RN AXRiRleALRIESIh ARRA RiBSs g ARhe top
rimLdtBAGO6AE AB hietian e ddeh awehip&6tid AR PRIt V00D {EPEIGURE

LED can be a high-powered LED. One or more LEDs can be used in the

1, rEQBREFHM RSNSOI PR TRL I IBD R B4RE3) arB AU dier sl eangucting

bod(ddés HdOfMaUEHhin RESr Z3didméieradietmativp. ke 6EBQURIES arand 8.
coupled to the mounting platform 92 and 102. The LED can, be soldered

At BBe2HbRIEHEB eSS R ERpRaITohRolRh GG HRI TR fcludes

mobAify hatBariaasrseEeringealiovs splearthetényohe EBpdesiigled to a
materials or techniques known in the art can be used to couple the LED

mefh G REE) 858 PR NHBANRIREHIABIRY iSolhamERRIGHoMBRMoUNting
plaff¥ia PG Ri9TIMOWING RisBRct of the present invention reduces light blockage

caused by the heat conducting body and improves lens efficiency, while

promoting heat dissipation and anti-glare.

[0065] The mounting platform 5, 54, 102, 530 are made of a thermally-
conductive material such as aluminum, copper or any other high-heat conductive
material. Also, as mentioned above, the mounting platform provides increased
non-glare protection from the LED relative to existing light apparatuses. In the
present invention, the possibility of direct glare from the LED is eliminated (or at
least mitigated) since (1) the LED is coupled onto the mounting platform and
positioned facing directly at the reflector so as that light emitted from the LED is
substantially or entirely directed to the reflector, and (2) the mounting platform is
shaped (e.g., circular) in a manner which prevents a direct view of the LED at any

viewing angle.
Reflector

[0066] The reflector 4, 53, 502 are made of a thermally-conductive material such
as aluminum, and act as a heat sink. Alternatively, the reflector 4, 53, 502 can be

made of a non-thermally-conductive material such as plastic.

[0067] As shown in FIGURE 6, light emitted from the LED 6 is substantially or

entirely directed toward the reflector 4, wherein the reflector 4 collimates the light

12



[0071] The present invention includes a metal core PCB (see metal core

PCB 7, 60 shown in FIGURES 3 and 12). The metal core PCB includes
WQ E9a#8iftry, and acts as a heat-transporting medium. For eR&rh{sla2¢px000689

metal core PCB comprises a base metal plate (copper or aluminum, which

is approximately 0.8 to 3mm thick), a dielectric layer (laminated on top of

33sHm I ,AVhich IS appkoxi e i r, .

em}ctlirgl:ol?it trackﬁégrirgg? o%v?é%goé cﬁ@ﬂeﬁctéi%ﬁye%%vh%t@g%pﬁ%iﬁﬁe% %BgSW'th .
particolarrheathick)g[e072ha keaatiasigleasansangs FIBURES 86 hall Y6dih Half
Ma%ﬂ@#ﬁ?rﬁ\ﬁﬁﬁ"j 404 agluded 8@#&%&3@68‘?% gé‘f#iigr.@, FLEFIRINIPE of the

reduce thermal resistance; thereby, reducing LED junction temperature
presadtineveation is0ésignedED polleat fOWBSIaEnativeitjretystimwigint emitted

B T R PSRBT, o o

mitigatasinyplitenisenatidhetprasaiy-tommiicivevitaireral duehtaglamppzarer (i.e.,
: high- { ' ximately 0.8 to 3mm
ap%%%%gggﬁéé%%%%g ﬁsﬂ%ggéaécfo:v%gﬁ%&vn in the art are used

to couple the mounting plate to the mounting platform, and a thermal

[00§/1askhsr iesleetalith igh B8 ean dekeurtkarietibshaeesoiavashiete various
igHPOLAHNGRIBHR SN EHBH S BIKIPITaf PRAFID SR HBEMI B etlpse
top rim 3, 52, 503 are made of a thermally-conductive material,’such as
or aRiARNKR, cEaskSHIOWRTbr ahyinbtMeFipksh seabiwtnRgvénntaertimgnsion or
thré%pdri%ﬁé}ﬁ%%r?a%@ary heat sink (for example, see FIGURE 1), or, like
top rim 52, 503, as a secondary heat sink (for example, see FIGURES 8
and 18). [0075] As shown in FIGURES 16 and 18, the present invention
cludes a cap rim 509 which helps secures the glass cover 800 to the top
rim 503. Main Housing, Plastic Housing and Lamp Base [0076] The main

[00B9Ysing BECPOAratRmAdeED i aliircondusitiveraathii, SPe8 BED can be

aluminum, copper, zinc or any other high-heat conductive material, The
a hig rﬁ%ﬁé?ﬁg'-%?f, NE PR Frirry FRALGHSRE R IAFPIESEEL invention.
FIGURES 8 and 17). As shown in FIGURES 8 and 17, the main housing
[0030) SThe it Dabe 55504 acsectng B8 (v 2D etatl Tt RC8 chrédabtilkemounting

h to increase its surface area,in Qr tq increase its heat dissjpation ..
plai%pachy. ‘pﬁeﬁFﬁa “ﬁf)%%ﬁwg’ﬁ?%d‘l%ér%eﬂre 3l§ést%rrﬁi§lwq?saog%n &) fRounting
platfbaped T hadntiz hdusingERcatsbdeatyitinedicaltoracuinital tosh&EB, mounting

plate, or mounting platform. Thermal paste, thermal grease, soldering, reflow

soldering or any other soldering materials or techniques known in the art can be
used to couple the LED onto the metal core PCB, mounting plate, or mounting

platform.
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[0077] In an aspect of the present invention, one end of the main housing

57, 501 are coupled with a plastic housing 700, the plastic housing 700
WQaUddi61a lamp base 701 (e.g., an E26 lamp base, a GU1FEH{NBYLL00689

an E27 lamp base, a GU24 lamp base). The plastic housing 700 contains

main circuit boards, and electrically insulate such main circuit boards from

Me%ﬁ? 6}9‘% Betl#igp ,W,hﬁmn#)p]aqyt will be appreciated by one skilled in

e art that the main g can be utilized in conjunction with the aspect
of the present invention set forth in FIGURES 1-6, and the plastic housin

[0074) drmeipngserk ventionineudfs sumsliz e espeds(seteptakente BcB 7,
60 IENSRHOM SPRYIRES S ARES 276 and fiHetdRESrS-HSBI0Iabasha=O circuitry,

specific embodiments have been illustrated and described herein, it will be
angyiscidted dyanblartratingrygdiumtneRat BxeRRicl)omrizhaee PCB

corﬁaﬁé%rseélltu'a@l?m&mplﬁm%néégegérramémmjtméﬁ%taﬁpﬁmmew 0.8 to

embodiments shown and described without departin%from the scope of

3mindhirdent dolsstion layrs Haplipated Anidemabde basermsial plate, which is
apSHRRIRtaRsY %Hﬁfﬁ@&g?&ﬂ@é@@ﬁﬁéﬁﬁ@@ﬁ’ RIS SHPREE 59 BB B ielectric

Therefore, it is intended that this invention be limited only by the claims
layanviree ifuARREPERERBOP - QPHA B - ISramAEED 1S: 1. A lighting

apparatus comprising: a main housing; a reflector disposed within the

[007Z)n Aesisiaavéne lesionhavFIGURESSIHS ang fgearfisial 2469 POB is not
_ thermally coupled to one end of the main housing; ,
included in” the present invention in order to further reduce thermal resistance;

thereby, reducing LED junction temperature and increasing maximum LED power.

[0073] Alternatively, as shown in FIGURE 19, a mounting plate 531 is used,
wherein the mounting plate 531 being coupled to the LED 504 and to the
mounting platform 530. The mounting plate is made a thermally-conductive
material such as copper or any other high-heat conductive material, and
approximately 0.8 to 3mm thick. Mechanical techniques (such as screws) known
in the art are used to couple the mounting plate to the mounting platform, and a
thermal grease or paste with high thermal conductivity can be used between the

mounting plate and mounting platform.
Top Rim and Cap Rim

[0074] The top rim 3, 52, 503 are made of a thermally-conductive material, such
as aluminum, copper or zinc or any other high-heat conductive material. The top
rim 3 acts as a primary heat sink (for example, see FIGURE 1), or, like top rim 52,

503, as a secondary heat sink (for example, see FIGURES 8 and 18).

[0075] As shown in FIGURES 16 and 18, the present invention includes a cap

rim 509 which helps secures the glass cover 800 to the top rim 503.
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comprises a middle portion that is bar-shaped; and curved wing portions
extending from the middle portion, each of the curved wing portions being

Ma%)w%z%{g éﬂg{g&fm 3(9%{? ﬁg f,(yﬁyaa?#g;;% %ig@t—emitting diode thermally

coup eat con east one light-emitting diode

beinggpositioned to face directB/ at the front side of the reflector so that _
[00i7§t dirtaepiroRCwRIng reds bl earghimasitrigibeematirsardustiye material,

sudroas Sflf AR, TeBBPKY- ZihcTBP Q%WH&W%@H&W&JHW&N@%@@@? The

heat conducting body provides a pathway for heat to flow from the at least

maihadgsinentitingdictd ewargrinRiyp et sirkieligramrippaasfdGlURES 8
and'# 1 Q8 2nhiprenEURIESI® BAg 4 FeMERhRRHCALRIRG Y 19 Ngan have

apparatus further comprising: a mountiﬂr;ir olatform coupled to the heat
oneeRdRERGMLET aR® KO AnerRidiakaAoraTtiga: IikhFRABBtIcaINeXRASELHE surface

are%?ﬂ’?l%t&fefﬁfie {heraaly rowRls0dRaabIcashaeRy 9IHRMHERG KiRERg 57, 501

The lighting apparatus of claim 3, wherein the mounting platform is made

canpfapperssartighinimstaoniealightisgapparattie omaly dinvsingaias 1eiso be
CyIﬁ\d%H??fr%B@ﬂﬁ%ﬂéB@_al cladding coupled to at least a substantial

portion of the heat conducting body. 6. The lighting apparatus of claim 5,

wherein the metal cladding is made of stainless steel, aluminum or .
[oogglgpgp_ an aspect of the present invention, one end of the main housing 57,

501 are coupled with a plastic housing 700, the plastic housing 700 coupled to a
lamp base 701 (e.g., an E26 lamp base, a GU10 lamp base, an E27 lamp base, a
GU24 lamp base). The plastic housing 700 contains main circuit boards, and

electrically insulate such main circuit boards from the main housing 57, 501.

[0078] It will be appreciated by one skilled in the art that the main housing can be
utilized in conjunction with the aspect of the present invention set forth in
FIGURES 1-6, and the plastic housing 700 and lamp base 701 can be utilized
with the aspects of the present invention shown in FIGURES 1-6 and FIGURES 8-
13.

[0079] Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that a variety of
alternate and/or equivalent implementations may be substituted for the specific
embodiments shown and described without departing from the scope of the
present invention. This application is intended to cover any adaptations or
variations of the specific embodiments discussed herein. Therefore, it is intended

that this invention be limited only by the claims and the equivalents thereof.
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made of a thermally conductlve material. 9. The lighting apparatus of any
WHATBHS GLAMMED1ISS 8, wherein the main housing is substantially

frustoconical, cylindrical or cubical in shape, and is made of a

1. ~10. The lighting apparatus of any one of
1. Clalrg}ﬂlli’gcég%‘t%%ﬁ%éﬁﬂém. ghting app y

wherein the mairn housing comprises one or more heat
disgipatihguasY;L1. The lighting apparatus of any one of claims 1 to 10,

further rlsm stl housm o.th in in nd a.
e B0 U RS S 8 T T PR3, 765 i ana
a rearciiden 11, wherein the Iamp base is an E26 lamp base, a GUlO lamp base,
or an E27 Iamp se. 13. The lightin atus of claim 3 or 4, further
B oAy SRR CHR AR Dt BIA DHS M tomst one
“Qme%maﬁédé'ﬁ%’g? B9 B motding rigsfere HRRtERIY SomIREiactBe the heat

mounting plate and the heat conducting body.
conducting body comprising a heat pipe thermally coupled to the top rim, wherein the

heat conducting body is substantially S-shaped and comprises a middle portion that is
bar-shaped; and curved wing portions extending from the middle portion, each of the
curved wing portions being coupled to the top rim; and

at least one light-emitting diode thermally coupled to the heat conducting body,
the at least one light-emitting diode being positioned to face directly at the front side of
the reflector so that light emitted from the at least one light-emitting diode is directed to
the front side of the reflector.

2. The lighting apparatus of claim 1, wherein the heat conducting body provides a

pathway for heat to flow from the at least one light-emitting diode toward the top rim.

3. The lighting apparatus of claim 1 or 2, wherein the reflector has a central optical
axis; the lighting apparatus further comprising:

a mounting platform coupled to the heat conducting body and positioned near or
at the central optical axis of the reflector and thermally coupled to the at least one light-
emitting diode.

4. The lighting apparatus of claim 3, wherein the mounting platform is made of

copper or aluminum.

5. The lighting apparatus of any one of claims 1 to 4, further comprising a metal
cladding coupled to at least a substantial portion of the heat conducting body.
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6. ciibedlghmappammefrelmér m@neeratmnmtaim@dd@g iardatle at stainless

steel, lflﬂﬁtnﬂ Ig;wé %@yng diode from external environment. 16. A lighting
appara us comprising: a main housing having a generally frustoconical

shape; a conic- shaped reflector dlsposed within the main housing, the

C ic-sh ed reflector hgving a front side, a rear de and, a ral optical .
7. o3 RO ANER A OUBIBHABAIR A Gy eSS R Eeatgr ® n the
sha e%ﬁgqg@ém iR SO Sitipaehiface the front side of the conic-shaped

reflector, the substantlally S-shaped heat pipe comprising a middle portion
comprlsmg a mounting platform located at or near the central optical axis

8. \?v{;rﬁ%elpl rtlo sé}%gpecﬁeq pedéﬁ)%a geil‘iwn?‘tr%rén |EH%§§%%@?{8 circular

and |sam1a|dle«bf\mttherthally>panductweanﬁaaabne light-emitting diode thermally
coupled to the mounting platform and positioned facing directly at the front
side of the conic-shaped reflector so as that light emitted from the at least

9. Ur}lﬁélqemltﬁpsa@mag i difpcied 6 biaifient 358 ofig dianiseshrmethousing is
reflector
substantially frustoconical, cylindrical or cubical in shape, and is made of a thermally-

conductive material.

10.  The lighting apparatus of any one of claims 1 to 9, wherein the main housing
comprises one or more heat dissipating fins.

11.  The lighting apparatus of any one of claims 1 to 10, further comprising:
a plastic housing, coupled to the main housing; and
a lamp base coupled to the plastic housing.

12.  The lighting apparatus of claim 11, wherein the lamp base is an E26 lamp base,
a GU10 lamp base, or an E27 lamp base.

13.  The lighting apparatus of claim 3 or 4, further comprising:
a mounting plate thermally coupled to the at least one light-emitting diode; and
the mounting platform thermally coupled to the mounting plate and the heat
conducting body.

14.  The lighting apparatus of claim 13, wherein the mounting plate is made of
copper.

17
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15.  The lighting apparatus of any one of claims 1 to 14, further comprising a glass
cover coupled to the top rim, wherein the glass cover at least covers the reflector, the
heat conducting body, and the at least one light-emitting diode from external

environment.

16. A lighting apparatus comprising:

a main housing having a generally frustoconical shape;

a conic-shaped reflector disposed within the main housing, the conic-shaped
reflector having a front side, a rear side and a central optical axis;

a circular top rim coupled to the main housing;

a substantially S-shaped heat pipe positioned to face the front side of the conic-
shaped reflector, the substantially S-shaped heat pipe comprising a middle portion
comprising a mounting platform located at or near the central optical axis of the conic-
shaped reflector, and two curved wing portions, the curved wing portions respectively
coupled to each end of the middle portion and coupled within the top rim;

at least one light-emitting diode thermally coupled to the mounting platform and
positioned facing directly at the front side of the conic-shaped reflector so as that light
emitted from the at least one light-emitting diode is directed to the front side of the

conic-shaped reflector.

17.  The lighting apparatus of claim 16, further comprising a metal core PCB coupled
to the at least one light-emitting diode and the mounting platform.
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