CONSTRAI NED FOLDED PATH RESONANT WHI TE LI GHT SCI NTI LLATOR FI ELD OF THE

| NVENTI ON This invention relates to |ight sources and the

manuf act Wworeg11e09122ght sources. I n particular, this i nveamiusamekebes t o

|l ight sources and "light engines"” that are used for 5specific |light tasks

i ncluding, for exanple, flash lights, autonotive |lights, streets and public
areas as well as industrial area lighting and nmedical illum nation.
BACKGROUND CEONSERANVERFODIED PATH RESONANT RVHIHE Idevd] S(pvdibt L. AFORhe Li ght
Emtting D ode (LED) for use in the lighting industry, the opportunity for
energy savings continues to bEESDJ THEANVENGHONO i ndi vi dual s and soci ety
as a whole. A mgjor hurdle inpeding the realization of energy savings,
however, is the codthisaofivdanrist adldtattb dightosourenarfdabd manufacturing qddighi ©utcas., nany
of the new technol ogi cal inprovenents which greatly inprove the |um nous

ef ficacy bf patitile, HDEwveoiva rlateh tolilighdwantcageasd “lighttdagina@ntifiaat wsed pr
process. In the manufacturing of a conmon white |ight LED, a phosphor
powder 5 bl gdific lighd @skdandmatidgy fo¥i exaxdplad fl3h aighte napsdativamphiendrecte paspingid as a

| ayer onto the surface of an emtter junction. Many emtter junctions are
nar r ow wayehsen @lell abaiadsthilueadiohi@adnd wedicaMill@hghtidrlV) di odes, with a Ful |
Wdth at Half Maxi mum (FWHM) of only 40nm The phosphor blend is created to

absorb the blue or W wavel smgtRevansorgem invaneadsand green to red
wavel engths. The ratio of blue absorption to secondary green to red

eni ssi ons determ nggjn 4 LHLIHRALAT off @ENGLR LIRS Didae @D tieduihint el | ght .
This is a straightforward process and as such any inprovenents to increase

the lum ngsity RutRYt RADpRARIY CRE I QBSyt Qvinl SoREARESS MhisGRiredRt fJicr ease
t he manuf acturing cost. Failures that prague t he above approach incl ude

heat deor gdaiduan e_ﬁ’{d $BRyPROE RARe. dA'qnﬁ(g} Mﬂéle?h@g‘iﬁg% e FA1iSdNEn RN kY

i ter junctions run refati

junctions. The em
savings, however, is the cost of installation or manufacturing. In particular, many of the new

technological improvements which greatly improve the luminous efficacy of white LEDs
come with disadvantages in the manufacturing process.
In the manufacturing of a common white light LED, a phosphor powder blend
15  is normally mixed with an encapsulant and deposited as a layer onto the surface of an emitter
junction. Many emitter junctions are narrow wavelength band blue or near ultraviolet (UV)
diodes, with a Tull Width at Half Maximum (FWHM) of only 40nm. The phosphor blend is
created to absorb the blue or UV wavelengths and reemit broadband green to red
wavelengths. The ratio of blue absorption to secondary green to red emissions determines
20 the color temperature of the emitted white light. This is a straightforward process and as
such any improvements to increase the luminosity output add complications to this process
which can increase the manufacturing cost.
Failures that plague the above approach include heat degradation of the
phosphor due to its proximity to the emitter junctions. The emitter junctions run at relatively
25  high temperatures (>70 deg C) against an ambient background (25 deg C). The encapsulant

degrades with higher temperatures, often resulting in discoloration and inefficient



25 high tenperatures (>70 deg C) agai nst an anbi ent background (25 deg C).
The encapsul ant degrades with higher tenperatures, often resulting in

di scol or avpaentznegi2enef ficient transmtters in the bl uePom/ush@1pesivbl e
wavel ength region. Additionally, the encapsul ant acts as a thermal bl anket
on top of the emtter junctions causing a further |oss of efficiency. Cose
proximty of the phosphor layer to the emitter junctions al so creates an
addi t i onafradspsteeroin thblue of theivirddé twayelergtiefepioni dnlditionaltyt resnapsdatftiapist i on
(thermo-dynam ¢ bl ackbodi es) nust al so 5be efficient absorbers, thus white
| i ght geneyatherhahklanket bretopmi the engttar ankgets cewsarggyturther loss of efficieffdye Cdosexi st s
another limtation to the above approach: the relatively snall area of

em ssi on. prbkingtycsfelat @sosphori lagar easte ¢mittbujmcramk taiso Rutates pin eddisiondi dodsiagjht

out put over a small cone angle, thus creating a very high brightness. Such
bri ght nesghitealisositgns pfik&nacrhite8aly definitibie (thunarlywisic Ocsysiicenmasidiscan
contribute to mgraines, seizures, and tenporary washout of 10 the human
eye. Yet sh@tibiesit absoibdra thue Avhite liph@e fdavEnap e em@terd is Idshalerdyt 1S not
directly scalable. It is not an easy task to increase lumnosity by adding
more emtter junctimes eaRd ahfth&Kiitakidl & (Be Movp BESORAT the RGN IERHBAURA S
increase the heat load in a non-linear way while addi ng nore of the

" bl anket " oedhiegdn. frioMthe AhashRein RRGAREY baitprea@UNMARY JXpul bler h NMENT! ON
15The aforenenti oned probl ens are overcone by the present invention- which

i ncludes gn¢QhslEEhAd &edtﬂn%ﬁtve@"ﬂigﬁ Brighiad. SRR bhghBRR UL pelelanfRRapdent |y
of an emtter junction. The volunetric light emtter includes a first conic

refl ect or g RGIMMALGBn AP Uh BorftRbut@id thi@hHineS QU6 s, Ahd RhpBF{ &&hobdypct i on,
a second conic reflector opposite the first conic reflector Tor collimating
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SUMMARY OF THE INVENTION

15 The aforementioned problems are overcome by the present invention- which
includes a volumetric light emitter that can be manufactured independently of an emitter
junction. The volumetric light emitter includes a first conic reflector including an aperture
for a light source or an emitter junction, a second conic reflector opposite the first conic
reflector for collimating light emitted by the light source, and a volumetric light conversion

20  element extending between at least a portion of the first reflector and at least a portion of the
second reflector.

In one aspect of the invention, the light conversion element includes phosphor
particles dispersed in a resin to convert light emitted by the light source from a first
wavelength to a second wavelength, the second wavelength being longer than the first

25  wavelength. As disclosed, the light conversion element is substantially solid, and includes an

annular outer surface, wherein light is emitted through the annular outer surface in a
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annul ar outer surface, wherein light is emtted through the annul ar outer
surface in a generally toroidal pattern. Additionally, the Iight

conver si onoebarwn22pr ef erabl y i ncludes a cylindrical poPCIrams2@n/oa1465
frusto-conical portion being coaxial with the first and second conic
reflectors. In another aspect of the invention, the first conic reflector
is elliptical and the 5 second conic reflector is parabolic. The

vol unet r i generadjj ttorendiak pagtern nddidesila the bgiticonversion demend jpadernltly tikrdudeent ex of
the second conic reflector. Additionally, the volunetric light emtter

i ncl udes aylindti¢al poitioalor elfer@eronaad) c@mt befrizecobkinbwitle Gwi forstr akll seaindrconivher ei n
the first conic reflector and the elliptical elenent define a coextensive
aperture feflectole |ight source. The volunetric light emtter can be
optically bonded to one or nore emtter 10 junctions as a final step, thus
creating a sinple Uohwngiraiecl ofght ineargionahsfiat emer refledtorghbellibtitaiamhtheor arc
may be used. This invention acts as a bridging technol ogy between LED
juncti®n geond adidictégoraf garhibtlicnaihe &ontfcaght eaiter indudeda tkghiivemnsrdrhe
l'ighting requirenents to the end user. This allows for a commpn design to
be i npl enefiek bk ek ofakd &tyndfonleBbrI¢iiCtAdAnBnaNd Hre@lunsduik gt eamgenent s.
Anot her benefit of this invention lies 15 in integrating three specific

optical taskdes B QUMHACSIEAN® s@fcenTBAYFiaG t dbhRDIcBlediO Mheldie ddFiRe copti cal
tasks are: 1) light gathering and placenent fromemtter junctions, 2)

| mpr ovi NQrelibdchd A theQMiRRM FRRhAIMHIE B LoQXkenPiYERpdrtu@by thdRehi3duélOoWn conver si on
and em ssion of white light. This integration opens up new designs for

| umi nai res and possgsseRinfchf I%E‘@Mt{er ofn 6aSRicRMy bSHILPTI bl S Lhfiteer
structures with LED sources. These and ot her "advant ages and features of

the i myenthofnigla B @B[C),ethﬁél!c}e){ti%g;@fs‘%?l@%luﬁl@&cai%[ ehdifl %elgéeﬁ[agi tence to

the drawings and the description . current erbodihents. .
o ran M L, RO ol RS MBI MNP LI
vol unetri ﬁlnétilo%htmeglrl’ﬂ“e}cgu%rs i ﬁldFi lgfninjaire manufacturers, which delivers the lighting
requirements to the end user. This allows for a common design to be implemented with a
variety of LED junctions and heat sink arrangements. Another benefit of this invention lies
15  inintegrating three specific optical tasks into one simple and manufacturable form. The three
optical tasks are: 1) light gathering and placement from emitter junctions, 2) improving
utilization and containment of pump light, and 3) down conversion and emission of white
light. This integration opens up new designs for luminaires and possesses the benefit of ease
of retrofitting older structures with LED sources.
20 These and other advantages and features of the invention will be more fully
understood and appreciated by reference to the drawings and the description of the current

embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 11is a perspective view of a first embodiment of the invention.

25 Fig. 2 is a cross-sectional view of the volumetric light emitter in Fig. 1.



Fig. 3 is an optical ray trace of a cross-sectional view of a variation of
the volunetric light emtter in Fig. 1. Fig. 4 is an optical ray
trace of wWoehoswIrecti onal view of a variation of the veCuAseen®21469ht
emtter in Fig. 1. 5Fig. 5is an optical ray trace of a cross-sectional
view of the volunmetric light emtter in Fig. 1. Fig. 6 is an optica
ray trace of a cross-sectional view of the volunetric light emtter in Fig.
1 illustratindia Fiapnopareraympiadi ngosa-scamnaxvigw pf @yariation of the volufptge 7 i s

an optical ray trace of the volunetric light emtter in Fig. 1 illustrating
a ray 10t hgeemitepimige.nly t he outer annul ar surface of the |ight conversion
el enent . Fig. 8 is an optical ray trace of a cross-sectional view of

a vari ati on ofFighkisuobptiat raycrabé gftet cressistét@nali vievbfa valtiation of the Folgmet®ici s an
optical ray trace of a cross-sectional view of a second enbodi ment of the
present i hgewemitenin ipH.g. 10 is an optical ray trace of a cross-sectional
view of a third enbodi nent of the present invention. Fig. 11 is an
opticab ray trrEge Bfan@dpGEdss-&RE bl OoRks-wceMmabliea dof o idumstbodgirentitcdf t he

present invention.
in Fig. 1.
Fig. 6 is an optical ray trace of a cross-sectional view of the volumetric light emitter
in Iig. 1 illustrating a ray trace impinging a convex mirror.
Fig. 7 is an optical ray trace of the volumetric light emitter in Fig. 1 illustrating a ray
10 trace impinging the outer annular surface of the light conversion element.
Fig. 8 is an optical ray trace of a cross-sectional view of a variation of the volumetric
light emitter in Fig. 1.
Fig. 9 is an optical ray trace of a cross-sectional view of a second embodiment of the
present invention.
15 Fig. 10 is an optical ray trace of a cross-sectional view of a third embodiment of the
present invention.
Fig. 11 is an optical ray trace of a cross-sectional view of a fourth embodiment of the
present invention.
Fig. 12 is a graph illustrating the output spectral distribution of a phosphor light
20  conversion element within a Constrained Polded Path Cavity in accordance with an

embodiment of the present invention.

DESCRIPTION OF THE CURRENT EMBODIMENT

A main focus of conventional LED research is to maximize luminosity while
reducing the energy consumption, i.e., luminous efficacy. Even though this seems to be the
25  best path to success, it is fraught with gains in luminosity which are not practical for the mass

production environment that white LED -based luminaries will need to be at. A wiser
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Fig. 12 is a graph illustrating the output spectral distribution of a
phosphor |ight 20 conversion elenment within a Constrained Fol ded Path
Cavity i nwacoenviwarzece with an enbodi ment of the present PATAISRI10/021465

DESCRI PTI ON OF THE CURRENT EMBODI MENT A main focus of
conventional LED research is to nmaximze lum nosity while reducing the
energy consunption, i.e., lumnous efficacy. Even though this seens to be

t he 25bestpppaich it © lsekcgdghs costst ofi pgoducmg giititeiiminoglyi nBesncdsgriireadiglopy tahi ch
are not practical for the mass production environnent that white LED -based
| um nar i espemtiohalvesislandointpéenantatidn vessse flt is aparomsivings in opdrookalabsts keowwost s of
produci ng white lum nosity. These costs break down to operational costs and
i mpl enent aiciepntheas tigving theidsvdlbpeneayr efahissanneigsy. | ovaper iats theabhplaostsiono our
society that is driving the devel opnent of this technol ogy. However it is

t he i npl ea®nthat baomeo gt Hifirtt Waetone sndving bivgges Thb areséne invieat smbaddrgsek or war d.
The present invention addresses 5 this cost barrier-the inplenentation
cost ba&r r ihgf costldrSer-Shet i lddicablieimcsve bagsieA FHiciiethy padtlerh el RO §RiesOhve; the
maxi m zation of white lum nosity while reducing the nunber of manufacturing
steps inveligdoi Rdlveeakhinnginkib@ioanst WaRe |1tiinddiyr @hAS rekRlngl medndaeieeion, the
present invention can performthree distinct optical functions in a single

nol ded coppRATEMring Td&s fihvoiedaRtrbgehingtBS knd Sset Rn@iRtBEAs tRRaihéddreihl @B t he
LED junction source and convert it to a 10 nore usable format. The second

opti cal %%L‘ent fivERioh c8@RbETAMIRYD dfs RS bpRAI fdcd S id NGRS intotdedfcopendReep Bl ue
Li ght (DBL) while constraining the DBL |osses. The third optical task is to

create anTH@Esté‘ﬂtw@lnt\iéH QuBRberfRr 11@1%%%0@19%}3‘1?)‘3]@}{&{0%'@&%@5% &InCQEH -0 AS
expl ai ned below, the three optical functions |'ead to i nprovenents on seven

par angj er ﬁlo}’é*'{is%]e RAMSE Thb gec'om Ral h il o?éa%dd-'ga%l Rxh&ﬂmﬁﬁ[ﬁe%‘it@i?sﬂ? B¢ @ed whi ch

offer a sinple rranuf acturab esi gn. s single 1l5piece’ layout, the

present 'Bg 1'qu1 08 cbdsiinin éttfPe ﬁﬁﬁﬁos@ésf 96 YA o ﬁﬁ&‘l‘ia@ﬁh% bges a

Wth the a a sinmn resent 1 nvention provi

vol unmetri n %)#}t%hlt n%%rtn%%nrt f%ﬁ‘f]r}egt do(%xp OnV&gl 7 eﬁ)%%n t&s (gclpoabr%gtblef%%n\{ tﬁt\g n te

chanmber to ere con and max

| i ght gener at ? S horesc nce. by
maki ng us eptlc]af %n%tg)ﬁl(s: ée% ? r TO eanéeélr 9] sevencgararfl%ters rWehsl(glnCaaH t(f]lé lur{nngsn?z to

pur pose of ant cavity is to confl eth yloss
"n the DBBTO?%CG%%&?%%@%M Y Aol E%HW%W? 1S BRsY or
strucH,l | i cant acknovvlledgﬁ?. I’%t t he requirengnts of an

oper a onBlFCq é%oél ﬂ?ee@?ﬁ‘?&thVeé‘B% 52 TSROSO USEAAEBRgt h = N x
Wavel engt h, Spectral Line width of mm etc--cannot be achieved from 25 an
LED source. The terns 'resonant cavit and 'resonant structure' are used
as a descriptor in ‘eidby Avs ?/Ht’%laFaSPF/efDePE‘i‘fbet he gyresgits B PHICAgPTPHES fesent
invention. This resonant structure, or Constrained Fol ded Path Cavity

(CFPC), pvdumesedichiosmiet whish spnsypiodiRleinshadichicynaviaippshamber o thereby

control losses and maximize the probability of white light generation via phosphorescence.
20  This is achieved, in part, by making use of a concept from laser physicss: the resonant cavity.
The purpose of a resonant cavity is to confine the DBL such that the only loss in the DBL is
from the excitation of the phosphors within the resonator structure. The Applicant
acknowledges that the requirements of an operational laser resonant cavity--High Q status,
cavity length = N x Wavelength, Spectral Line width of 1nm, etc--cannot be achieved from
25 an LED source. The terms ‘resonant cavity’ and ‘resonant structure’ are used as a descriptor
in creating a visual reference for describing the present invention. This resonant structure, or
Constrained Folded Path Cavity (CFPC), possesses reflectors at opposite ends. One purpose

-5-



of the CFPCis to cause the DBL to repeat its path of propagati on a nunber
of tinmes over, while reducing the nunber of exit paths that allow the DBL
t 0 escapewOQurrnt22r epeat propagati ons vary between 4 amdTAG201depEngli Nng on
t he resonant nodel chosen, not in the thousands or mllions as required for
a |l aser resonant cavity. This will increase the intensity 5 of DBL while
keeping it contained within a known vol une. One enbodi nent of the resonant
st ruct ur eofi e (h&Chem cavenfhod2BL sateptay its path ot prapagatios howmbenofRirges. over, 8,

t hough the invention nmay utilize other fornms of nulti -pass folded

st ruct ur eghile reducing the ndmbeaddiéxitqratitsothaori®iv thie PBY tOBkcaper A uriesio repext
cavity, the volunetric light emtter radi ates Down-Converted Wite Light
(DCW.) i npapigatiaiscalky betwaersplaad Ueadeppatingeom the iBsonlitsnédel alcsanploi shéd by
using a renote phosphor blended into a resin material, which fornms a

t hr ee- di mtnsdaadadr noitlione hurglirdddot 4 Bkdr resonane caiign Talsenirihcréase tHaentedagnant
structure of the CFPC, thus creating a volunetric white light radiator In

t he prgsestDBIHOME REPing iecophaRP RAhin SkHonasium¥é4 4m3 ebodimtardf iexesonsnt

prem xed into an acrylic, polycarbonate, Nylon, or polystyrene resin for

i nj ecti onstfRlued ROhe HetGhcaaSochlyta0ny neurbys BASM hnEpk atgdhagh B dhdivéM D Cl) .
The phosphor-doped |ight conversion elenment can optionally be nolded with

t he curvaﬁgy@mu@bﬂkhﬁﬂ@ggﬂﬁgmoﬁgsgﬂmﬁhgu&ﬁeg Addltlonally, t he den5|ty of
t he phosphor is such that the volunetric |ight conversion elenent is

translucent to the PBhqiifPlo CORANRine APBL & 3MRb&hand EavihemPRbluMetdc ﬂgke 6
reflections within the CFPC, then it is desirable to absorb 16.67 % per

pass wi t hyfotaladARS Pl Cohvalcd R | & BpERiih 8cth 't@rﬂﬁal bta iphedlaP furRfiEst DI &

to 20 wutilize this technology with castings, extruding, press forns, or

machi 'i]d) nngnQ 1@&@6&%%&(“%/ 1%?@' d 1%910&:% r‘Phor blended into a TEh fﬁgl!eﬂﬂe&/fn'cﬁ fé‘f‘ﬁl’st e

light emtter e present” 1 nvention nmay al so be used in conjunction with
an optical ﬁ%&@&%@slgég%v&%n&ﬁ@ 1%95 #Q(ﬁ%r GRYR %ﬁt .ﬂ t% !re‘ggrgagbétﬂl&&resof fat e“t
Application to urge i'led on and tit
H gh Eff bﬁ#é Nhis C?f%? f’n%caalvolgﬁg 1g tcﬂldla OtF@ Cé)(?s%ﬁt erg bX
ref erence n particu I crency tl ca can
convert a La ertl an L non- Lanbertian r r uce the
Numer | cal PRBRREGPET NP RA SR f@eénas’ad? Sk S
"usablllt f t he DBL. .By. choosing.the orr ]teqrg alﬂg ni
modal | ThPERAED BRr GP Gt R Btk etcreitba) TGhdy S%ﬂ%%&f sfgﬂ i,
colleé ﬁﬁf‘é L bwﬁ)B an (g;r e it wher i S nost | C%Eat bl ue
oot ons wiHRARE 8L: The et paebntt ikeapelrd Suptnci Rgrpatt hEmbdedan
5i nventi on, conbi nes a a constr dg&&édw path cavity
toroi dal M4B |ﬂ§t%1FVaf‘ﬁ‘iSo°|_f|Eh€‘s]ieﬂ§‘1t%“8 @’Frglrﬂp% Hopplly dhredanpiy Uhe a&oéPtEPé from
t he pr esent i nvention
is such that the volumetric light conversion element is translucent to the DBL, not opaque.
For example, if the DBL will make 6 reflections within the CFPC, then it is desirable to
absorb 16.67 % per pass with total absorption at 100% for 6 reflections. It is also possible to
20  utilize this technology with castings, extruding, press forms, or machining to achieve the
desired form.
The volumetric white light emitter of the present invention may also be used
in conjunction with an optical coupler, such as the optical coupler disclosed in U.S. Patent
Application 12/405,398 to Bourget, filed on March 17, 2009, and titled “High Efficiency

25  Optical Coupler,” which is incorporated herein by reference. In particular, a High Efficiency

Optical Coupler (HEOC) can convert a Lambertian source into a non-Lambertian radiator to
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(1) nore efficient transfer (up to 98% of DBL into the phosphorescence
regi on; (2) "resonant" coupling wthin the phosphorescence
regi on foworiiosppass 10i ntensity gain of DBL; PCT/US3)11/0ed6E ed
white [ight |oss due to reabsorption at the em ssion junction(s);

(4) less conplex heat sink and heat sink costs due to heat flow inprovenent
attributed to the flexibility of location of the emtter junction(s);

(5) i npr oxeducet therpamatical épsittabi(NiA.yofathd sdwgslighe nfbis amproged the Hesabilitys ot
15degradati on due to renote phosphor effect; (6) fine tuning of
chr omat i cihtPHasdchonsicathe tyrrdceragii hnd @amiks, a bi-modal intensi(yDatterechupetcan be

manuf acturing | oss yields due to fewer nechani cal operations at the emtter
j unct i on( sipateddaadnici HHOY, cah he celivboop medi% obfhll RIS emt placevie mthe@nit priovitde

mul tiple 20 inprovenents. |.First Enbodi nent A volunetric white
| i ght em tikety than bhecghodtan Gall ihtetacawitk rihoghihoe nate@ibilst h&coprdigey)tthe pueseriti on 1 S
illustrated in Figs. 1-8 and generally designated 20. The volunetric white
| i ght &m tnbedtiod QombabUd BT O/, hichadrahom Faddddgfatteciving, add a téroRiRCABECE b &

reflector 24, and a
single element. Several benefits can accrue from the present invention:
(1) more efficient transfer (up to 98%) of DBL into the phosphorescence
region;
(2) “resonant” coupling within the phosphorescence region for multi-pass
10 intensity gain of DBL;
(3) reduced white light loss due to reabsorption at the emission junction(s);
(4) less complex heat sink and heat sink costs due to heat flow improvement
attributed to the flexibility of location of the emitter junction(s);
(5) improved temperature stability and less temperature light output
15  degradation due to remote phosphor effect;
(6) fine tuning of chromaticity based on cavity length; and
(7) reduced manufacturing loss yields due to fewer mechanical operations at
the emitter junction(s).
Accordingly, the embodiments of present invention provide multiple
20  improvements.
L First Embodiment
A volumetric white light emitter in accordance with an embodiment of the
present invention is illustrated in Figs. 1-8 and generally designated 20. The volumetric
white light emitter 20 includes a first conic reflector 22, a second conic reflector 24, and a
25  volumetric light conversion element 26 extending between the first conic reflector 22 and the

second conic reflector 24. The first conic reflector 22 defines an aperture 28 for a light
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25vol unetric light conversion el ement 26 extendi ng between the first conic
reflector 22 and the second conic reflector 24. The first conic reflector
22 defi nesoaniiapereure 28 for a light source or em ttePCrarseatitonm4phot
shown), and the second conic reflector 24 is orientated opposite the first
conic reflector for reflecting light fromthe |ight source toward the first
reflector 22. A convex mrror 32 is positioned adjacent the vertex 34 of

t he seconsbuemndrcemiget gororn oWt shitven)s enb iy somid conef rdktior 224is icgicghgdn as
parabolic with a focus at the aperture 5 28 of the first conic reflector
22. Addi t pgositd the fast @hici ptlectal foe redleetni 18t ionphsilighosedccadyvacietht firste fir st
conic reflector 22. The elliptical elenent 38 defines an aperture 40

coi nci denteflaétdoih22. hA donvest miref 138d¢ positamed tdjipen thetvortel B4 of theisgditnd fcomim t he

| i ght source toward the second conic reflector 24. The volunetric |ight
conver si ofefletten®ntThaGedond kordes:fiphosPhie shaear dsipatadslicdyisipe fosedatittie @ehat dened
resin to convert light emtted by the light source froma first 10

wavel engt b8 bohafisecandrefienal 22ngidditiohils, sectpetanavatengidpobidibing ddpoger t han
the first wavel ength. The volunetric |ight conversion elenent 26 al so

i ncl udes @B fRYicBhHic aMUoAR2. SUKd AGHic30elt@ert 3didatifs GARYETHEM) bdifidtident Wi
generally toroidal pattern. As also shown in Figs. 1- 2, the volunetric

I'i ght conu@rfﬁstqeﬂ&k&m@muraﬁs t& dBEIN 8k Eﬂﬂr&mﬁlﬁdﬁ%@s@&@é EAlar®@heG¥édnB@bhieal , and
is coaxial with the first and seconé conic reflectors 22, 24. 15As

expl ai nedrpgli@woat Re WRIUAREC i1ighiMabdverstdndBlbmeR b4 §hcldfes Cﬂﬁsﬂh@r aflapied to
accommodate a specific LED based on its peak em ssion wavel ength. For

exanpl e, H@?x%ﬁhﬂﬂ?h&h&m%h&&ﬁtbh%ﬂ&x@ﬂb&hﬁﬁu&@bgﬂhéh&h@&ﬁ&%nﬁmﬁmP%thent i's
configured to down-convert DBL |ight from an junction having a DBL

em SSien WAyl g@lgioha %co%ﬁi%@eiﬁﬁgthvﬁleuég@&{d' %avél 2&1 GARY 53t Othafe! RITBRY 26

i ncl udes a phosphor chosen with a nain radiatio peak "of 570 nm (Yel | ow)

and. a F\é\?%\peflen%% Nifhe @ol@ﬁgfn%aibght %I)ﬁvg%s& (fﬁgﬁ%ﬂct 26%1908 g@ﬂgfﬁﬁ‘& %ﬁﬂeﬂgnnuﬂ?e

desi gn Is°to convert at T%east e emtt Into the

vel | ow 11 Qo) J%L}gdla{efpgnvg{tg@g%?geSgetn Ay LSRRG, bkyafg glg%agpgg the

phosphor escen

Renderi ng i ot,accurate
for col or 2 r%g% \é(%&l%éel% He 1gtﬁ CE)nverswn Of:lerlgen’t:[ 28 1 (%eneraﬁ fweséon(é(%né a rqiy drrlrclinﬁ:g and

25app"ﬁ:@#%§f§ﬂ&§9ﬁwﬁgﬂ %: d!%gﬁt‘¥(5ﬁ%fé n1m4th an em ssion area of 1.3

nm sq rati onal paraneters include an

AR IR MM N . R R RS TR A RO
2ol O PR RIS ged o e B GRS BRuh I by i v v
volumetric white light emitter 20 of the present embodiment is configured to down-convert
DBL light from an LED junction having a DBL emission wavelength of 455nm. The
volumetric light conversion element 26 includes a phosphor chosen with a main radiation
20  peak of 570 nm (Yellow) and a FWHM of 90 nm--a typical “off the shelf” phosphor material.
The design goal is to convert at least 80% of the emitted blue light into the yellow light
output. The blending of the remaining blue light and the phosphorescent yellow light creates
to the human eye a lower Color Rendering Index (CRI) of white light (while lower CRI light
is not accurate for color measurement, it is adequate for many general illumination

25  applications). For a single junction system with an emission area of 1.3 mm sq. having 1.14

mm on a side, typical operational parameters include an operating current (Iop) of 350
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5The second conic reflector 24 is selected to have a di aneter about ten
tinmes larger than the baseline of the emtter. In the present enbodi nent,

t hi s set swoheligperat i onal di aneter of the second coni c PEfIUSee1nn245 at 11.
mm For a surface nmount junction, the angle for the FWHM of the Lanberti an
intensity distribution is typically 60 degrees, corresponding to an N A of
0.866. For |ight propagating through an acrylic resin nmedium (lIndex of 10
Ref ract i omAmps, wigi7y voltdge siraparie3. A VAc fer eptes dcohemnmtgh ef 02 Wattensitygicadf 35. 4
degrees. This angle is used in conbination with the operational dianeter to
cal cul at eoutpng gqoaukrsisn efficiehey s&ed¥dyields headiant Raveawnt Ot3hWagavibxprebedgsh. As
not ed above, one purpose of the second conic reflector 24 is to collinmate

t he refl etheabsitayhe agde di 4ectm twign3d DhaiVhtt Ke).3 Wastks eqaid €1 fueldneof blue22.
Fromthe Mrror Formula, a mrror's radius being equal to twice the focal

| engt h, sBgs. t he radi us of 15the second conic reflector 24 equal to the
twce the length fromthe emtter junctions to the second conic reflector

24: 5 Radi use @fcobe conld rdRrbloeed @f sefecRdXo (k. Adiamt@) dbbanteddinges= 16. 0
nm Thi s suggests that the cavity vol une be roughly 0.82 cnB fromthe

f ol I ow nglafRf Mah @he BasalinBiof XheRinied- 13ANNpre&nt HEbRBEENANEB QB Chd Gfela@ichar 24 1S
parabolic with a nunerical conic value of -1.00, it is also possible to

nmake vari ahineRsof te §dd6ndC@RicGrefldciit24 Gh &N @M IrsMesus@nfodt imciomp aleh@bibc to
spherical based on the desired cavity constraints. The purpose

of the fifgincaoi® 68hd BGARYAInESsi QisdHulISH isthifcali9loh ibBE&dcdregitnafgom t he
second conic reflector 24 and bring it to a focal plane. It is desirable,

however, 10,2888t oft D84, 0GR} n@htaﬁ%%gaﬁég?ﬁé Chn RrPR! RbinOfledifig @egRRA. conl o

reflector 24 such that the ray path o e L crosses the main axis 42

and r &hr aﬁ@l%acitigﬁzﬁ.aé@l?), Hﬁ‘scéﬁrrfeq\lkh@reﬁég e %{glej Gfrlﬁt%f-ls(?tg)%f 35”1' %egrees. This angle

is used in combination with the operational diameter to calculate the radius of the second
reflector 24 and the cavity length. As noted above, one purpose of the second conic reflector
24 is to collimate the reflected rays and direct them toward the first conic reflector 22. From
the Mirror Formula, a mirror’s radius being equal to twice the focal length, sets the radius of
15  the second conic reflector 24 equal to the twice the length from the emitter junctions to the
second conic reflector 24:
Radius of Second Reflector = 2 x (11.4 mm/2)/Tan 35.4° = 16.0 mm.
This suggests that the cavity volume be roughly 0.82 cm’ from the following formula:
V=PixR*xL
20  While the second conic reflector 24 is parabolic with a numerical conic value of -1.00, it is
also possible to make variations in the conic, thus changing the shape from hyperbolic to
spherical based on the desired cavity constraints.
The purpose of the first conic reflector 22 is to gather the collimated light
from the second conic reflector 24 and bring it to a focal plane. It is desirable, however, to
25  set the focal plane to intersect a point on the second conic reflector 24 such that the ray path

of the DBL crosses the main 7 axis 42 and retraces its path back to the emitter junctions. The
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choice here is how many reflective paths to have between the first and
second conic reflectors 22, 24. In the current enbodi nent we have 6
refl ecti ome 2as1/1i0b12astrated in Fig. 3, however sone nodelPSThEe@1derehst r at ed

up to 40 reflections as illustrated in Fig. 4. The nunber of reflective
paths is based on the phosphor density appropriate to create the down 5
converted white light. Mre reflective paths will nean nore DBL wll be

absor bed ¢hwiceahqye vemodemsint yeflftiyghpsiphor havehbgweanptheelsrsia andasenend 3000k t ype
of light will be generated. In the current enbodi ment, the first conic

refl ect or reP2ctors 2an24| In ths eumgrtt kmbodionnicwey hveed rflectdng ag illubioghingig.ahge from
-0.7 to -0.9 is appropriate depending on the design of resonator. As

nent i onedhaboeesomet hoddiehaye clomdnstateil aiprie #D ecfleotiondds itllverated s Figc dniThe
reflector 22 may take any 10 conic formwhere the refocus conditions allow
a retracenanet op rletidiepapatihibasds os li@vghokphoFdensith apogingd o p@sd the iewel enment ,
for exanple an elliptical mrror 38, is placed at the vertex of the first
coni c 5ef t@et@yd wiite Tdre. ldre péficcave pathisr O BEang@ableapBL. BBIL bk hatorbesl forat t ed at
or near 90 to the surface of the emtter junctions. Another benefit is the
reduct i ongi9én ddmeitcOUMosthoR UTSE depids anRi@ér 001 pe aNli @ wal be evRehtday 1hr eaki ng
the first conic reflector 22 into two 15 discontinuous elliptical curves.

The coni cimeRAgémRMbOdimbRe hbiffsicom® Mffectofbd RN with aNBdhidtvaiueed wii,l e the
radi us of curvature and the dianmeter are significantly reduced. The curves

can be prgdugaesd rase $RRAIRE & mchgﬁﬂ%bﬁaté’rdg&ﬁdﬁg%ngé Besi SledsRhiofBARI Ned
el enent . It is preferable to add a small negative el enent, for

exanpl e ameRibheL abBvE 9t tl:f{azsec&ld_ac%ﬁﬁ rélecF QQQh@ﬁﬁmonic!ﬂl@ﬂ%%rtﬁ>fna’§4al&fan& he
second conic reflector 24 to diverge the near 20 axial propagated |ight

em ttegd from g v%@?ettﬁee{efdc%&}ngﬁﬁﬁé&l}ow‘@&&&ﬂ%véﬁﬂr@vi&ﬁ%@Jh'k WE skl Rtg, 32,

reflected DBL off of the second conic reflector 24 can retrace 1ts path

| th . s 4 . ‘. . ‘ ! t
o e 8,00, LA G SR gl et e
the di amah%‘f C(%c@]c }eﬁgctgr%p %e F@%?ﬁl Iﬁ%(l)rie%t %%[helzs%%ﬁ%g?%%%teﬁ%t gf' Shear @(303; he

vertex 44 0 e negative e ocate re the vertex of

25t he. S€c n%ul%e(ljcrélo? tﬁeefnlli grt'grqct%ﬁs. a{%r%} ertbrf]:releff%sl {I]lﬁ%ecﬁ%é?sn élfzthe Iglu%lerr %ﬁt‘sfé‘ifsa of the
negatlve el enent 1Ts chose SO as 0 ranster ere ected 't YS (0] he

tsid f.the first i fl t 22. h i Ei g. th il
ot Ty VPP L v <§ e a8 Ot R B0y On "l 2y s e

out si |1 30 of the resonant cavity 20 with a shal | ow | e of .incidence
Co hats Sppns bR PhroRatertut abbr Bl S e Rlainsd
confined within the cavity structure. After the placenent of the negative
surface a%‘é‘f B diigelo e f7 @‘P diagice a@eﬁ‘%‘%’g‘faﬁﬁy ragluepgl. f’FB‘i/C‘HEéeSrCé‘aE’ red.
The focal point of the first conic reflector 22 can be on the surface of

t he negat prpducst] apgeRpralg SOMBORER(SioF pg dtinele H’@ldF%P?‘%‘ihﬂlj’déllemteﬂte optical path.
The | um nous output spectral distribution of the volunetric white |ight
generator of Figs. lais@referablp (qadd el pegaipieglement, fehexagple; [eanyeeMEpSr esent s
t he | um nous out put froma known phosphor, and the broken |ine represents
the same phadgshbat gpeiaaentils vireRidf o4 theygeensronicaichecdri2d| e elivepest the aeayi ty .
The difference in the output illustrates increased |unmens produced by the
cavi t y0 st pudtnipragitad Heletomd etk Bomi thd emitler pinelsaty). Ml HanregafyrotigiRens hown
above in connection with an LED having a DBL em ssion wavel ength of 455 nm
t he vol ungd.réfteced DHLdeAT of thelbeavat copl religvtcal?d satbretractaptped Aagdecoampyiat e an
LED with an em ssion wavel ength of 405 nm for exanple. The phosphor bl end
may have 42 bBndadérsevd the junction(s) surface. The diameter of the negative element 32 will

normally not be greater than one-third of the diameter of the second conic reflector 24. As
shown in Fig. 6, the vertex 44 of the negative element 32 is located before the vertex 34 of
25  the second conic reflector 34 along the main 7 axis 42. The radius of the negative element is

chosen so as to transfer the reflected rays to the outside of the first conic reflector 22. As
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15 radi ation peak from 480 nm (cyan) to 630 nm (red) and a FWHM 200 nm -a
cust om bl ended phosphor material. Again, the goal is to convert up to 100%
of the enwvOted/tb1ze |ight into a broadband white |ight @®@aTAiseolp21465
constraining the DBL in the volunetric white light radiator 20 and
down-converting DBL |ight via the phosphorescent elenent 26. This brings
forth a phosphorescent white |ight which to the human eye T has a higher
CRI rat i nghowlon 2. dctbomyodall eomhdy DBlectnef( of baditsh cofic AliEctnng?2 andentewegt h of
the volunetric toroidal radiator 20 is increased to all ow nore absorption
of the DBlbeamtsilepeall Befdf elat reornabasivity 2 shiowrshaltowiaggle 8f inkdescd ® have
conbination with nore reflections, for exanple 8 or 10, within the resonant
cavity. Thibstamidl lindinat atflectéon] @ssireing riadicsingnhd MBS cordined rvdthse denchvity
reflectors 22, 24 as well as on the negative el enent 32. The coni c const ant
of the fisicieOnAlierriaf pleehent @ZhamigadleSorfadecrrefseinbifahdfitsv@nichefleldri pse to
act nore as a parabolic form WD 2011/109122PCT/ US2011/ 021465 11. Second
Enbodi sren2 may be required. ATHheofods1hosiip be the bt comi¢ irkfYech 20 RarBL oK tharsafadsidrh

anot her enbodi ment of the present invention is shown in Fig. 9. The fol ded
spheri cal theavidiye SBmeMGL UsRSilitntSPO Bitlaciag of B¢ beehnsattb2, a planar reflector
54 opposite the spherical reflector 52, and a volunetric light 5

conversion el enent 1956 Rxi®Adi dghubabyean dideusiphesi Gal volahdee twiceSRgrand t he
pl anar reflector 54. The spherical reflector 52 defines an aperture or seat

(not  showpdnefa®fr o Flok 9NB iSPUELRAQR FRIIDL §he §d4AA1nk QpresTNOUBNUMRLUSHAYR, a
convex mnor can be positioned adjacent the planar reflector 54.

Addi ti onalih¥.a 1@Bwh phdsBhdrCald B SORM 1k B re SO WMY)sam@PhRBrR OBk hiiNEchiRd] acent
the spherical reflector 52. The elliptical elenent can also include an

apert l11('15 e E&Jsﬂi‘ﬁh(%ef%‘idew'sdaﬁl &J%ﬁ%/. e SRRSEAG AN tﬁ@folltgﬁtt s PRE hHERed Quilink €Ct
o) o] dth I r

light fromthe |ight urce ward t he planar flector 54. The volunetric

|1 ght CO“@%&&&Q By lﬁiegc%‘éiﬂﬁ st%@tul%ﬁ%&?%g@{%ﬁ@%r reggl{ttei‘n?ﬁh(%ﬁlegti. %%E%ﬁqes‘ﬂo@vﬂ a

resin to convert t ‘emtte ource froma first wavel ength
to a seco el . the s velength. bheing | r.than the first
wavelengtﬂgw¥ﬁ%(vg¥%%§¥ng ?ﬁgﬁ?n%gﬁ@e%%ﬁ%ﬁggpgﬁgﬁgwg%&%ﬁ§gLgﬁéF%dég an

outer annul,ar surface. 60.t0 di ate converted |ight i 15 enerally

Cor of dal  bApeft ORERL PG ofef e B HERRS 3Phmetls o) FREV L Mer si on
el ement 56 includes a.ge ally. frusto-conical porfion 5 roxi mat e .t he

ol anar r oPPisa RO BT RS ol PR AR PP Prag ey € iR " ¢ g
Enbodi pent A fold transver se cayj 70.in a e wth an enbpdi nent
o Dt aiE o RS S P SR Ry RS A i B BTRGE: o
cavity 70 includes a frustoconi cal reflector coni.c reflector 74
opposi te PW@PW¥G%¥E@EOﬁ$%%ﬁm?%P'Eé?BW“?ﬁPpéﬂd&é%@gﬁﬁﬁ@P??%ﬁPqbﬂ?“ﬁ%ﬁversion
el enent 76 extendi ng between at |east a portion of the frustoconical

ref | ect or PrP3dbapd WA jigh optpyt Borqmsignias heddBl dhihe veiumelic white7ight spiator

frusto-conical reflector 72 defines an aperture or seat %not_shomn for a
l'i ght sout® éndoqlovgmctnf/gpng LB+ lighk Vy(aﬁbef phosphorescent element 26. This brings forth a

phosphorescent white light which to the human eye; has a higher CRI rating. To
20  accommodate the DBL wavelength of 405 nm, the length of the volumetric toroidal radiator
20 is increased to allow more absorption of the DBL on a per reflection basis as shown in
Fig. 8. This is in combination with more reflections, for example 8 or 10, within the resonant
cavity. This will dictate a longer radius on the first and second reflectors 22, 24 as well as on
the negative element 32. The conic constant of the first conic reflector 22 may also increase

25  to drive the ellipse to act more as a parabolic form.
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25shown). The conic reflector 74 is orientated opposite the frusto-conical
reflector 72 for reflecting light fromthe |light source toward the

frust o- compeall/wef2kect or 72. A convex minor 78 is posi PCoAsdiadpacent t he
vertex 80 of the conic reflector 74. The conic reflector 74 is shown as
parabolic with a focus at the aperture of the frusto-conical reflector 72.
Though not shown, an elliptical elenent can be positioned adjacent the

f r ust o- coHi cal Secerfd lghwimat?, i ncl udi ng an aperture coincident with the
first reflector aperture to direct light fromthe light 5 source toward

t he conic refl ect orA TddedTdphencal cavay 150 an lac@indancowite rsother estbedimmnt F6thencl udes
phosphor particles dispersed in a resin to convert light emtted by the

| i ght soupeenf invemtdonfis sbdwmavEBigengtihe tfolded sgeocr cwadtye(eingtuties 4 bghesiedond
wavel engt h being | onger than the first wavel ength. The volunetric |ight
conver si ofefletten®ENta plnastesioctom®d oppesitcane epHedtal astiedion 52, sdnkl faaeunB2sic lighdi at i ng
converted |ight through the outer annular surface 82 in a generally 10
toroi dal palvteion clefARnad® extslamprbetveekritg: sph&icat feflestol So@drth€ plahghtfleanver si on
element 76 is generally cylindrical and coaxial with the conic reflector
74. | V. Fosy.t tthEspneiéalediector 52 defines an Apdr@kdd@theOMbOMmBN LAY iatlighOutdd or
accordance with an enbodi nent of the present invention is shown in Fig. 11.

The fol degnf®@nfudeith, Cia¥idyn® Qhdvwit laUdesexaniof Ba be RfsiiBedd0ddjRent (Be pldarconi ¢
reflector 94 opposite the planar reflector 92, and a volunetric |ight

conver si offgleMRNt AQALHSHIENA (S REL NERMt ot kERAD) cBn BOPbiRMe@hdihi MLanar
reflector 92 and a portion of the conic reflector 94. The planar reflector

92 defi neg,nafc.ARGELHF ©. OFheSRRkicAIRRneAN AW fiRiud® ah hHurSQMMGRNOKideMHL T t er
junction (not shown). The conic reflector 94 is orientated opposite the

pl ana r e@ﬂh@ﬁ&a‘??eﬂg%oi %’ert{%gfté §i8dcl ighe roBhe 18R WibllE0vh@Mthe SR fGictOPRY d the

pl anar refl ector convex mrror 98 is positioned adj acent the

vertex 100,0 {’%SIQ&PS 01 tCCé),El@eIr%j'&{: ElglrneI%%ﬁ iﬂi]?detg %gésgl[fl&ﬁjahﬁ? ;%]Fsggréeci i 9331138%03; h

par abolic w octs e aperture o anar re ctor

h q.ptical .el it '
not s O"mtog%fﬂve::?%nféélﬁt %n?;t%d abr? tg{)’gé]{t <SR0 REmROBL \I)Vg)vgi%gﬁtﬁ%’r)]g%%{&hd WAl anar

refl ector ure colncident w anar refrléctor

aperture to direct |ligh rom.the 1ight seurce toward the conic.reflector
. The vBPuiteR el bERTIDARL b ech SBSRIFRT S RBifio it
particles dis

_ di sper s ed ei n 6alshar eneed roetsei n Lo conver | i.gh %m'érte L DY t he
Taht - sour CeSPRE s ep Ser Rt aent o SHONE oy e B 28R ona
wavel (i,‘gl gt Q gé)n%ira t(l)rgiggleprattern. As also shown in Fig. 9, the volumetric light conversion element
56 includes a generally frusto-conical portion 58 proximate the planar reflector 54 and
coaxial with the spherical reflector 52.
1L Third Embodiment
A folded transverse cavity 70 in accordance with an embodiment of the
20  present invention is shown in Fig. 10. The folded transverse cavity 70 includes a frusto-
conical reflector 72, a conic reflector 74 opposite the frusto-conical reflector 72, and a
volumetric light conversion element 76 extending between at least a portion of the frusto-
conical reflector 72 and at least a portion of the conic reflector 74. 'The frusto-conical
reflector 72 defines an aperture or seat (not shown) for a light source or emitter junction (not

25 shown). The conic reflector 74 is orientated opposite the frusto-conical reflector 72 for

reflecting light from the light source toward the frusto-conical reflector 72. A convex mirror
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than the first wavel ength. The volunetric |ight conversion elenent 96 al so
i ncl udes an outer annul ar surface 102, radiating converted |ight through
t he out erwanaulmpi2gurface 102 in a generally toroidal p&CTamsn11A3146% so

shown

in Fig. 11, the volunetric |light conversion elenent 96 is generally

cylindrical and coaxial with the conic reflector 94. 5 V. Concl usi on

The above enbodi nents include a volunetric light emtter that can be

manuf act uv&e posdiependgastitythofertel80enfithe emiq whettprofrt. oFheotdnar refleqydrt 74sisur ce.
The volunetric light emtter can be optically bonded to the emtter

J unct i onsshownes pembdlicghth sfoorsce thasipatdre plghe Stsepcotidulisfiecteatl. nihoaglsnarpl e
volunetric |ight engine to radi ate down-converted white light in a

10t or oi dathowapherdligaical demaithen f@apositioned adjacent the frufiheosbdvefleesc?d, pti ons
are those of current enbodinents of the invention. Various alterations and
changes canlub@gmadpernird frontidedepah therfgsid reedrapergipd ol direamniébhbfromdee ligls pect s
of the invention as set forth in the follow ng clains, which are to be

i nt er ps et airdenoagdahdasiereibdibr 1Ty vonah@tie Sigiafcopairgst cle@avnti 76Gheladesg t he
Doctrine of Equivalents. CLAIM The enbodi nents of the invention in

whi ch
1. An
first
first
first
and

an exRpRsS p¥Ecles GRRIded iD4 reini v Lo R AR liblt cglidddBdhalight dafrtd e asirdiol | ows:
optical emtter conprising: 5a first conic reflector including a

r ef etV ey b e¥cqandyadrpLed ttfeosea@faew@l@qum Bhhg SHEC haPraXifAt e the
reflector vertex; a second conic reflector coaxial with the

ref LectQbin. t MR hbugbuRNEbhe @6RREiHOALGerdt &l 8¢ HcfiafAgd BGeP BnuBROL her ;
a volunetric light conversion el enent between at |east a

portion ofyf.€ gh fadtatif®Bbiverted light through the outer annular surface 82 in a generally

10 toroidal pattern. As also shown in Fig. 10, the volumetric light conversion element 76 is
generally cylindrical and coaxial with the conic reflector 74.
IV. Fourth Embodiment
A folded confocal cavity 90 in accordance with an embodiment of the present
invention is shown in Fig. 11. The folded confocal cavity 90 includes a planar reflector 92, a
15  conic reflector 94 opposite the planar reflector 92, and a volumetric light conversion element
96 extending between at least a portion of the planar reflector 92 and a portion of the conic
reflector 94. The planar reflector 92 defines an aperture or seat (not shown) for a light source
or emitter junction (not shown). The conic reflector 94 is orientated opposite the planar

reflector 92 for reflecting light from the light source toward the planar reflector 92. A

20 convex mirror 98 is positioned adjacent the vertex 100 of the conic reflector 94. The conic

reflector 94 is shown as parabolic with a focus at the aperture of the planar reflector 92.
Though not shown, an elliptical element can be positioned adjacent the planar reflector 92,
including an aperture coincident with the planar reflector aperture to direct light from the

light source toward the conic reflector 94. The volumetric light conversion element 96

25  includes phosphor particles dispersed in a hardened resin to convert light emitted by the light

source from a first wavelength to a second wavelength, the second wavelength being longer
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10reflector and at | east a portion of the second conic reflector. 2.
The optical emtter of claiml wherein the first conic reflector defines an
aperture WO 20he10pizest refl ector vertex. 3. The opPrcraiS2@mioet4es of
claiml wherein the volunetric |light conversion el enent interconnects the
first and second conic reflectors. 154. The optical emtter of claim1l
wherein the |ight conversion elenent includes a plurality of

wavel engt thae dwevesttwanglepdtio s phordumrid hght gpaviecsiin edamnt 86 alsd ingludesanlovwhier ei n
the Iight conversion el enent includes an annular outer surface to form at

| east oneamfulaa soydcendRi cdlatiex tervesed gl throbghu gteooutarngalhr sxfaee i102 in 206. The
optical emtter of claiml1l wherein the first conic reflector is elliptical.
7. The opgincally envititlgrtah. Alalsmsiowrhiarfig. 11 the velemenid lightviogveredd dehan i s
par aboli c. 8. The optical emtter of claiml wherein the first conic
ref | ect or 9 Brgexallysylindratieahdabdaxidli evithalousnifrefideerrsecond conic refl ector.

9. The optical emtter of claim1 further conprising a convex mrror

adj acefnt wvhe 25seteid conic reflector and coaxial with the first conic
reflector. WD 2011/ 109122PCT/ US2011/ 021465

The above embodiments include a volumetric light emitter that can be
manufactured independently of the emitter junction or other light source. The volumetric
light emitter can be optically bonded to the emitter junctions or other light source as a final
step, thus creating a simple volumetric light engine to radiate down-converted white light in a

10 toroidal, spherical, or other pattern,

The above descriptions are those of current embodiments of the invention.
Various alterations and changes can be made without departing from the spirit and broader
aspects of the invention as set forth in the following claims, which are to be interpreted in

accordance with the principles of patent law including the Doctrine of Equivalents.
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10. The optical emtter of claim1l further conprising an elliptical elenent
coaxial with the first conic reflector, wherein the first reflector vertex

i s alignasowntinogrze of the elliptical el enment focus andPChaSedliioptssEal

el enent vertex. 11. A constrained fol ded path cavity conprising: 5a
first reflector defining an aperture for a |ight source; a second

refl ector opposite the first reflector, at |east one of the first and
second reflectors being a conic; andLAIMS a |ight conversi on nmedi um bet ween
at least a portion of the first reflector and at |east a portion of the
second ref| ecttre, entiwdirhéngghof denwemgomm mbdhum ¢xebistvdipngpeph as phisilegti isper sed
10in a resin to convert light emtted by the |ight source froma first
wavel engt tlainedaresietioaithswalleetsengt h, t he second wavel engt h bei ng | onger than
the first wavel ength. 12. The constrai ned folded path cavity of claim
11 wherein thel.l i ghtn @ooaentsied domptkingm i s substantially solid. 13.
The constrai ned folded path cavity of claim 11 wherein: 15the |ight

conversi on nmed fif ¢dndd rdeSomiAclading b airst @efle@tor Stiftdxadnd; adamiell fohecehwrnwrgited

light is emtted through the annular outer surface in a generally toroidal
pattern. source proxithde thbT@stGemsior aértgg f ol ded path cavity of claim 11 wherein
the light conversion nmediumincludes at | east one of cylindrical portion

and a frusto- copice@l chRf trRAoL 8ekXiaBhvithi thé first reflector, the first and second conic
reflectors facing one another; and
a volumetric light conversion element between at least a portion of the first conic
10 reflector and at least a portion of the second conic reflector.
2. The optical emitter of claim 1 wherein the first conic reflector defines an
aperture at the first reflector vertex.
3. The optical emitter of claim 1 wherein the volumetric light conversion
element interconnects the first and second conic reflectors.
15 4. The optical emitter of claim 1 wherein the light conversion element includes a
plurality of wavelength-converting phosphors.
5. The optical emitter of claim 1 wherein the light conversion element includes

an annular outer surface to form at least one of a cylindrical exterior and a frusto-conical

exterior.
20 6. The optical emitter of claim 1 wherein the first conic reflector is elliptical.
7. The optical emitter of claim 1 wherein the second conic reflector is parabolic.
8. The optical emitter of claim 1 wherein the first conic reflector vertex is

located at the focus of the second conic reflector.
9. The optical emitter of claim 1 further comprising a convex mirror adjacent the

25 second conic reflector and coaxial with the first conic reflector.
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20the first and second conic reflectors. 15. The constrained fol ded
path cavity of claim 1l wherein the first reflector is elliptical.
16. The cwozbrzioned fol ded path cavity of claim1ll wher @Ch/ush@19erend
reflector is parabolic. 2517. The constrained fol ded path cavity of claim11l
further conprising a convex mrror adjacent the vertex of the second
reflector and coaxial with the first reflector. WO
2011/ 109122PCTV0JS2O0’he ppicbli@Bitter of claim]igfurti¢reconprising ai elbptidabélament gatxtnlcavi t y
of claim 11 further conprising an elliptical elenent adjacent the first
refl ect or with hlee 6tsl cqii¢ cellectet, entendin def fini regleanr apextisinbgredi widi dendf thet h t he
first reflector aperture to direct light fromthe |ight source to the
second r etllipitabelement focus arki@he dllipticabelshemivered. f ol ded path cavity of claim 11
wherein the first reflector is a 5discontinuous conic reflector. 20.
The constrai ned. f oldeshsipdiida foldvd path advitg kamprislde: wherei n the |i ght conversion
medi umis injection nol ded.
5 a first reflector defining an aperture for a light source;
a second reflector opposite the first reflector, at least one of the first and second
reflectors being a conic; and
a light conversion medium between at least a portion of the first reflector and at least
a portion of the second reflector, the light conversion medium including phosphor dispersed
10 in a resin to convert light emitted by the light source from a first wavelength to a second
wavelength, the second wavelength being longer than the first wavelength.
12. The constrained folded path cavity of claim 11 wherein the light conversion
medium is substantially solid.
13. The constrained folded path cavity of claim 11 wherein:
15 the light conversion medium includes an annular outer surface; and
the converted light is emitted through the annular outer surface in a generally toroidal
pattern.
14. The constrained folded path cavity of claim 11 wherein the light conversion

medium includes at least one of cylindrical portion and a frusto-conical portion coaxial with

20  the first and second conic reflectors.

15. The constrained folded path cavity of claim 11 wherein the first reflector is
elliptical.
16. The constrained folded path cavity of claim 11 wherein the second reflector is
parabolic.
25 17. The constrained folded path cavity of claim 11 further comprising a convex

mirror adjacent the vertex of the second reflector and coaxial with the first reflector.
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21. An optical emtter conprising: a first conic reflector; 10a second
conic reflector opposite the first conic reflector; a third conic
refl ect orwoppusiope2t he second conic refl ector and adj aceqT/ush@1f/rr4st coni c
reflector; a negative mrror adjacent the vertex of the second conic
reflector; and a translucent |ight conversion el enent between the
first and second conic reflectors. 1522. The optical emtter of claim21
wherein the filkst dihdcomsirpidediled prbfch et drckimdfl ifwreheacaamkingngiclliptiegder t ur e
for a light source. 23. The optical emtter of claim21 wherein the
first, seclementad@cdnhibedirg oetlector,elid @liftionlselamant dgaxngadn, aperture coin@dent Witk
optical emtter of claim?2l1 wherein the |ight conversion el enent extends
20bet weenthatfirdt edttonappeanteitodir@f ligth érohi thetight emiree weld secindrrefbnabrat | east a
portion of the second conic reflector.
19. The constrained folded path cavity of claim 11 wherein the first reflector is a
5  discontinuous conic reflector.
20. The constrained folded path cavity of claim 11 wherein the light conversion
medium is injection molded.
21. An optical emitter comprising:
a first conic reflector;
10 a second conic reflector opposite the first conic reflector;
a third conic reflector opposite the second conic reflector and adjacent the first conic
reflector;
a negative mirror adjacent the vertex of the second conic reflector; and
a translucent light conversion element between the first and second conic reflectors.
15 22. The optical emitter of claim 21 wherein the first and third conic reflectors
define a coextensive aperture for a light source.
23. The optical emitter of claim 21 wherein the first, second and third conic
reflectors are coaxial.
24, The optical emitter of claim 21 wherein the light conversion element extends
20 between at least a portion of the first conic reflector and at least a portion of the second conic
reflector.
25. The optical emitter of claim 21 wherein the light conversion element includes
phosphor dispersed in a resin to convert light emitted by the light source from a first
wavelength to a second wavelength, the second wavelength being longer than the first

25  wavelength.

26. The optical emitter of claim 25 wherein:
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25. The optical emtter of claim21 wherein the |ight conversion el enent

i ncl udes phosphor dispersed in aresin to convert light emtted by the

| i ght souwoeofwviom2a first wavel ength to a second wavel ergThiS2ath®286tond
wavel engt h being | onger than the first 25wavel engt h. 26. The opti cal
emtter of claim25 wherein: the |light conversion el enent includes an
annul ar outer surface; and the converted light is emtted through the
annul ar out er ahliflacenversica efpamat @k lugestap rondaloutep atrfage;rand

the converted light is emitted through the annular outer surface in a generally toroidal

pattern.
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