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collimators with constant beamwidth across the aperture, including the compound parabolic
concentrator (CPC). Three more such constant-beamwidth collimators are the subjects of
the following US Patents, which have the same assignee as the present invention and are

herein incorporated by reference:
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i nvention. [0021] At |east one focus of an ellipse
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m&o@@&ﬁ&l that cuts off the beamof |ight, and the opaque
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[0023de heclamindiee may ¢@repramattl¢ﬁet regr fﬁawardrreﬂeeelt pasitioned to direct
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shows re Iectors that do not alter the flowines.
and the forward reflector. The retroreflectors may operate in air. The retroreflectors may
operate inside a dielectric.
[0025] The retroreflectors may reflect by micro-linear grooves. The retroreflectors may
reflect by a thin film stack. The thin film stack may have an initial layer of a low index of

refraction material with a thickness approximately equal to two times the nominal

wavelength for stack.



[0029] FIG 3 shows an alternative depl oynent of
elliptical reflectors. [0030] FIG 4 shows yet another
WO200%020484i ve depl oynent of elliptical reflectdCg/US2008/006530

[0031] FIG 5 shows a circular area Al with radius R

rc r with radius r, a distance
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[003 ﬂ ongf' I%&é@g%r%ua? gf{f‘ll ‘19 \é‘évlrtg S%eruilic l? gg& ]a.mﬁhﬁ‘ circaldt I&Pé’ésAz with
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shows a device simlar to that of FIG .20 truncated fy

[003]eFKorldfshews erfgesiebizag it the riorefirgier. uk UiRELCIPSFsTRS ©

r to one shown in the above-referenced U. S.
reﬂe%%c[q E{? No. 7,006,306 to Falicoff et al. [0049] FIG 23
[0038hBIG. shode i CRC ofithHl@vIiR? and wnthatflavlings

1003 bl b it Cg bABETSB 7o Aok A PICa T it

beam%‘&tﬁ%chz{d%gél] FIG 25 shows the device of FIG 24
truncat V-groove retroreflectors.

[0040] FIG. 14 shows how the CPC’s width is reduced.
[0041] FIG. 15 shows a dielectric total internally reflecting concentrator (DTIRC).

[0042] FIG. 16 shows a family of flowlines and ortho-flowlines in a DTIRC showing the

boundary lines for a three-tier retroreflector drawn to scale.

[0043] FIG. 17 shows a DTIRC with flowline retroreflectors having four tiers.

[0044] FIG. 18 is a perspective view of a DTIRC with three-tiers of retro-reflectors drawn
to scale.

[0045] FIG. 19 shows a further embodiment with flowline retroreflectors having five tiers.



[0052] FIG 26 shows a device simlar to that of FIG
11, but wth a nmushroomlens to reduce beamu dt h.
WO OB®48 G 27 shows an el liptical reflector PEHHE268/046530
mcro linear retroreflector material whose grooves are
urves normal to the flowjnes. [0054] FI G 28 shows a
1004, 5IG MErnsmbodinaentisypilarde ope pheyin bepbpveneferenced U.S.
Pated!Nd. 8. 9961883 110 BRhft&Y & ector normal to the flowines.
ae|:1J~055] FI'G %9 S owsathe refl ectance as a function of
[004V}a ¥ G higshowsfa deveesondarsurtha of FiGi 20 fruhaataddfyl retbfleetors.

' i.dence angle. [0056] FIG 30 shows fam | of
10045}, BT HE5Ss 3 Erioghmern aimilsdo oRe shadh 1 BF aBftsuiEfsTERsed U-S.
Pater?¥N R 710061308it6 BaligdIPWidlg the boundary lines for a
two-tier retroreflector drawn to scal e. DETAI LED

[004NEBER 2313howsTre diniceENHI0. REMT8cated bY Fetrorpidecters.
di f i f d ad Of o
j0ostff B SIERRMA Blnti @b A5 FRH BOWS T BFERufrg 306

paterit0 the follow ng detailed description of the invention

and acconpanyi ng draw ngs, which set forth
[0051]] Flfgt3Sathows t d‘FQﬁfrﬁI&: 2thunealpd hriVngrooss ftgefectors.

h R _ . o

o0s P AL Sy 06TE RO RS, CORIERARL st fers

redudel ewhiwiéth. are wel | known in the field of non-imaging

100551 BIF 2 7sare an ShiptSarie Nor BuinHEE por Fcroniya Bprgrefector materia

whos%g?@d%sqrefa sq%hgéﬁtottn f1sQMh&e, and the rays fromthe
source’ s edges define the edge of the source inmage. In

[0054]hEIG.&28eshofvstalveoss st toni afganFel ipticakretiohadlectopwhithmscra higear

eyerywhere ta t 1o the bisectors of the angle
retro?ﬁ?ﬁ‘éﬂanlﬁl%ﬁ’%%lﬂe@m_the two edges of the source.
[0053]0PRS12FdhGwslthé ReflRcial@s 44 IRAEHSNS wi BB HOS Secdndl bHfdce thin

source 1, emtting upwards between point A and point
film gflegopal °riseidencgramgleonf ocal hyperbol as with those

005G B3 iy SR EE g ARG PEY BB ment o

a lunlihd1RS tiRo WAk MieSbdind A 1hes Torea twarger rdirofeibetor @ehwinto scale.
herein as "ortho-flowines," are defined as the famly
DETRILEDNSSSERATIONCOEVEIY WeBODIMENDONal to the
flowines 2. In FIG 1, the orthoflowines 3 are o
[005YoAf mttat urdaritpsiing of yaripus deaires andadvanipgenel thperesent luminaires

it G B4 5o BBl A B PR o oo e
accoffparyigd &aklviSSgWBRthSetfosth il0graive hdodndms Worekporusgsreference
3 forma light barrier extending fromthe plane of

characieghindicglerqoarespongingcomppaenis dhiougkout thaseyetah yieys of the
tral aperture between the barrier segnents 4.
'60] FIG 2 shows the source 1 extending between
[0058joF ivdinds aredwd] knawihinethk ifietd efalonsipeagingaopticef bedieg defened at any

. and 8 | ?ang on two of the confocal ellipses of .Fl % 1
POintREriYIBE HERT BYMIRAOFIS0 I HEOBISLTNIEE POBTY T8¢t BReSee1Y §f Hgm across

’ ithagl. In th

e <GP IREAE N L 3o (RSCRUSE Mty Mgl I e
case 6ixhd dotbowiap Figaes theeflowlindstage ¢vaginvhere tangent to the bisectors of the

angle formed by the rays from the two edges of the source.

draw

[0059] FIG. 1 is a two-dimensional view across a light source 1, emitting upwards between
point A and point B. Flowlines 2 are confocal hyperbolas with those points A and B as

their foci. At every point upon the flowlines 2, the local tangent is the bisector of the lines



field of source 1, but nerely return sone of the

radi ation fromsource 1 back to source 1. Wen source
WO20pH020¢%4| ecti ve, and especially when source PGTEUS2008/006530

diffusely reflective, some of the returned light wll

be radiate war ds, sing reflectors 6, 7, 8 and
Ehelrcid aufrged bt e comheendingy” efv rdgnd e the

to pouyfrgdild

i
R P BT NGO A0S g
ﬂowlﬁr&@BJa]re Edrocad eﬁimws lmtganzmhtth& Shapel ot thelorthot Bowdlimey is determined

bet ween .poi nt s rtical dott
by the shapegnd A afﬁgﬁﬁpw?fl% [% elfptig f»‘?gs%?nt%ﬁ of one of
the corfbéa €flPsesd fct}ﬁmsa ligRt HaPGdr &&nﬁﬁig@&n% gﬂgn@of Ro squrce 1, with a
termnates at its rnner end upon line 9 at point C
dotted\bing & dendtingoa gfrntmd)ap@“am bpiusen thel banmru chﬂneatsé

10061 i hong g aee P RvisPOnRBetisgn P agind . i g igpcal

specu%ﬁ&&ﬂedt@ﬁs'%idcg ly dStvil @S eﬂnfﬁbélleﬂ‘ip36§bf FIG. 1 and joined by
reflector 12 has foci %m nts A and D andf

hypeltb@hmsmvtﬂg f%ﬂPCquﬁ@ lgnatonéldpﬁtbo@ phiigesylsklemlofBecause they lie

on i FLUFERER R 85 %P3 soy By 2od AREMEHARDEEAR T e e
field ef(stoemia Noubeicyse Fetiidil ohse of thachdBitioafebnk eélhre@tl (bask ﬂo’a’source 1.

and. 15 with term natl ng. poi nts and_foci
Wherawefgb@sreﬂ%ctws; FdespegrallgWhen spyrees] isdi ﬁq@%%ﬂectwe some of
the re@&}h&i ﬁEglEtnwﬁlgTi bégfa a?er[deu%?@a}rs d%ﬁéélgéﬁo&%%aé lé?? ?%SP gtriélg 1o the
lumm&nce/\oﬁ sh)ut@dll meﬂglr@nﬂrm@btalpemunelﬁ duipbtrenaitteeg diddes have a dlffuse
f us . q qrareas, Ai. and A2 are coaxial and a

refledi iy ofieing P8i§é‘? £ NeRJEfnd [UDIngrey o gi anet ri cal | y
[00619 PP 8khBRs MbfizOttall dRrROUAdS dInPbet 3R pdints £XAhABS afd -

are dianmetrically opposed points on the boundary of
exema}agavqxﬂcal\dotthd bne f)mx;oqq:gémggmwpai fromt poiml BinBGllptichlaarc reflector

rest pOl to .S_.a sour.ce of
10 na SRR p BB o' Pt g s RGHRFo S IR ip g Poime .
Abovt h&flRt@nadue dizboédaadlliptic@bircirsfl@itoreln With foci on points A and C, and

U=n2(p/4)([AD]-[A CfL) 2 where [ X, Y] denotes the
termipRtIgeas &6 lmweénpoo hieiO %t poiglt B. ¥¥beve exflostarilyas Hisgesedaliptical
i |

are refIgEQEFE AT Bt MU b phinfR S AU GAHRERETn ht Dlau i . This
systelﬁl of Aefldctterals legi deasitinato fabatatiuml extoesthah tioat @i FAG. 2.he

10062) h 1t TS i ur arpats e By drelegers 13,
14, a@%&ﬁ%ﬁ%ﬁ\lﬁ% ?nt@fan& i Fagi &tﬂgﬁfllgg% tt;%ﬁrﬁg %D, & Ein

nce of e emtte |ncrease
FIG. 3.c Homeiverybyints (B AL PFa@noﬁcslhom, mrﬂﬂcetmws €1; n;& E in FIG. 3.

ri ness i ncreas n. el l.ipt re Iecto based
100630 P SRPWe AtTGHIAR fiea Ar Wigh e R Al afeberofar GRARS with
radlué"'lo rCﬁ&ﬂﬁﬁdre@MﬁarﬁVA; &%Qﬁ%ﬁl"éﬂd@dﬂéﬂaﬁcé &h ﬁ'@t Pths)’A o8 are
the LED in %varying fromO to 100% and vertical axis

dlame.t.scallyemp@s@mmtg ontibe b@la@mmfarea Acr eBeiatsi G, BY iagghdiametically
ht,. SO sumed that C
oppody bl ST TP & o An it FRESERSH ik h g e
neare$teolrt ¢d o Ilf&19§9/<soﬁeé oﬁﬂgf&\aﬁﬂ agds bJEE})dr&frJ: gebagic@hizh light from
70% there is an increase in brightness by a factor of

A\ esgapes, the eendugotithgtightts gawrgbmyfn (eB)([AsD r}dée@ ) hgge [X,Y]
denot@@t\ﬁ@ dﬁs@irlc@ %E:f é;&g 'aﬁtli g n ﬁ’ll: *Péf‘?ac%l@@ SN IOf the mf:%lum in which

proxi mately I cates that a two-ft
A, antiu’manannmersact r Iafa‘s\elssaﬂmmwrlhm sutal, thebdtendue it emits is Uj=n n’ A,



[0065] FIG 7 shows an axial cross-section view of the
device used in the ray-traci ng nodel that generated

WO 2989/¢284841 t s shown in FI.G 6. The size of exi tPCAPE204$086530
for the elliptical reflector 17° of FIG 7 is shown by

di mensi on d\ The height of the exit aperture above
An ideglontierthatgeciraylalemthrpugh Al %H@Phﬁnﬁted Py, B! 5B Revadas to force

f
i R AR RSN L, MIPY4A Bl LB gf v o

by a fa06 Gf UARUGThe lsinmancaof uhetehmtecbhngmdwﬂnmﬁe&sﬁt aacordmgly

006 L T8 2% g GRIRES Hn%eL b e SEHEES e on

embo%nﬁm JfFIGhe ﬁf@\ﬂeﬁ%ﬁ&%r%‘?ﬁk%e% Mtﬁ hoR2bRAl axiN017 @e&@&nﬁﬁé the

M nano et al , tical mrrors 23 t
reﬂeqtmtu ofi thej I in & saymger@n 0 terilea%c an@vcrhlealmeg}ﬁ m@p;ssemlng the

nactl e RaeRre i FED G splte ot o Sumrp Rl g Shee

refledtivty o Ble suPfAE&ofIfe ellliptisal Ieflectrds 93V, Mbriagiaveab€B¥® 33
with retroreflecting external facets having a mrror

reflectange |oﬁao°/osh@r@véa133wé%a§g asbrighyngss Sy @rfaetopofijusiovea o from the

orlgmal %%?gegs mo ernqplg S B"g‘;esllteggn&h‘g& in [t}Qeo9 §l]st,)|lér:1 gd)%"f: r&lfl @E%%ngtely

70% ﬂﬁ:ﬂfn@&:at’b& that @hbvbrfald llilgnﬁa[xﬁﬁ I’hﬁiredse ISBouﬁld be atiginable.
cylindrical sleeve 43, also.sho |ntvvo%A
[0063]1 Blfs 7 e P i iak Bises Peshonaie™ ghisiicxiss vt Eaba reirARine
model Bak g&#e%{e@ | ROR sﬁH&&gfg?Iésé Tfhrécé ?ft%g&%&le%ir 1Y elhptlcal
oute acet e sur ace a secon sur ace mrror.
refleqpar I'F° ofi F&G, 7 tsarodabyptimessds d o uThahaglitradithe ¢ret Wgarmbove the
light source.4 1 .and s reflected as ray 44r . bac Opr - 10
LED (§ ISébﬁwg.befém@a@Séon Foﬁi@]f‘eﬁoas ip playyjGy the B%%%%fo‘ke foci 19
for th@%[l?;%i‘&hl' &ﬂS&BPWI@tﬂ%laﬁl@@ the@EM th flat [ight

sou lowines 52. Annular reflector 53
[0066] oK K}. 9 qbalwts adhrthmrﬂre@mnttof arc@ﬂlunatmggsysteghw,tcgn%@mélat

. .. 5l. e.ra 9 sho t he angul ar ,bhea

ieht G £ HE Tl R U ST U0 ey B Sl b0

referdnkéd UIS FRQOSIot 6%‘393’83@0 CRGarfet AV add él[lﬁhk’caﬂllfmfrefsl Zscthar return
55 followi ng a line normal to the flowine curves.

light Resoueeet lv enhpmeitgdhe brighinesscaf soercn i ae 8¢eM byglkes Lour ce 5
006 o5 0RE0FS SR e Rl s UERHAESARON apioing g 0

source 3¥ sleh932, mnﬂlcﬁlndr&aasbe'@d: 33 h;ahsramreﬂeamg ecktdmzarfgntees baving a
edge rays 59 1n FIG_ 12, but_bound t ‘&
mirrop eaatified 131eqya S sy tiehtigrendl e HsE pigagge for lens 32.
t 1
0S5 A gl 00, S 0 1.
colhmattrfg Frearh kelns 14@1 andrcafﬂllnéntad sles8e 4 Edd® siaysl 159W9 hhx&e{lmaztlews
hr ee n rat ons QDVG t

inclufipg cfék R AR bE Sendeine eREP R DRI P%C&‘P& Aol

retrorEﬁQgtg& b bler f‘a%eﬁ:a‘%ﬁﬁa@b £108 SecoBELshFiccahirfire I8 6h gcﬂ’ticﬁlar ray 44d
total internally | ecting concentrator (DTI

proce@dmwtmrd]’gomrthe p@mfl_labt soureedl and isasPerded as @x|414r back to the
tl? ce 62, and totally internally reflecting
OPPOYFLEE coni cal side wall 63. Edge rays 64 are refracted

[006Ft FEXI IR shtWk aGenpduhd b@rabblen e entrdibt @P)esdywittitfhat Gight source
51 and flowlines 52. Annular reflector 53 covers part of the CPC exit, returning light to
source 51. Edge rays 59 show the angular beamwidth of CPC 50 before the beamwidth is
reduced by reflector 53.



[0073] FIG 16 shows DTIRC 60 of FIG 15 with a famly

of flowines inside its dielectric nmedi umwhich are
WOR08%MR048 scal e. Al so shown are the fl ow i nes P&IQUS2008/006530

ortho-flowlines chosen froma fam |y of Ilnes to form

10070k Btk AN Y54 it g s s S0 oy e i norma
to th teShlds! rl&ffeE R'Eﬁg%‘ﬂ%“%fé E&;b&%x%ﬁﬁgﬁtt d0RRR! 5 VdrfaW

e original are 'ed 60a"(an
reﬂeomcmﬂﬁaanIGWIlB ner)‘c;spﬁﬂ&bs toathé botidrn helf of G‘praj'dwhc surface in FIG. 12.
ort ho-fl Lhe), 60d (a flow.ine
Edee i iTou | nalE s F e (el el > epbEdayscifipdiCay but
boun&J ﬁfédachf&l Béa@@\kﬁitﬁ Bﬁ‘ssfr%ttﬁﬂfu?f’l kIRCleRtrabi}RYRrd &Y refGetod§5.

his is done by sweepin he set of boundary curves
[007 leleIlﬁ lt4h:éowe mqratruas@tgi PCtXerapicRE %mqth pangbpkc prodile 56 of

curye L€ at tac
FIG. L?gvét?l e§n§ Ye(grgg?fﬁchor%g é%gstr%ysﬁ IP] am(io)li}%gyflratlons
have fHeQWhe Tb@ﬁm@“&ih@_@ tioor difa CIESin ispisd dﬂh&iﬂ @nﬂ@lﬂér%eﬁhﬁi@.
the ones drawn in FIG 16, A new retrorefl ector can be

[00724 Bl43. d& shewprrcrrssseciiasy afitheectr tafalkigtegpally igecting concentrator
[ ' (g fd,0 a
(OTIEE TR A% LR b0 B0C, B pprietuay
intermallp Reftdctial qogsilcengulsidd wah @30 Hdge rels 6dpire refrabied anaxip surface
of design solutions is possible using this flexible

i
62 intg sensaghimitesipramw ‘@368517 shows a cross section of
[0073;1 Flce qt6r5118w5 SITIRCEEd SEFTIY G 5GAH 4 %hl)ngf ﬁéf\ﬁﬁﬁ‘épuzgde its dielectric

ving four tiers, conprising i mersed LED source 71,
meditmwvidett ad chmpllnm $0aleex4\llso shovmare tliezﬂowhdes and ortho-flowlines

ror ct| or-c facete
chosepgiedrRLyS |5 RdoBh it Hurhas e ons HiErattpmicctor.
The sbb&RIdLE Qrvdslter IRILESENBREF ire'sBowh sitirg ﬁbhhﬂﬁ@ﬁ)p%ﬁ the cross-
conpared with exit surface 62. [0075 FIG 18 is

sectiqual sqgmnf theongioel RTIRC and aws labaded 6Qa @@cﬁlpv‘fbwlme) “60b (a

oL AT I T B! B R

flowlfiie). VERest Qun@B ard @led $€ Cilcb@nhofet@adldctatshogn sy ﬁr@mgﬁrhls is done
are marked in bold line on FIG 16 The coordin

by swenpingdhmnesa ol beundprscuryes atousthgespig axiseoighe T THRG o qpﬁlc " Note
that tﬁ@go%%#goéﬁro& al@ ?ltt%rh 128 % g?ctﬁl oq &) -AldAl ngc?]stsgylé’ focrtfif a

val'u e vert |Ca measur e _
dlffereﬁ)lOtbdnllyaifé‘B)\ﬁIQTes bnxlu odhs-Yloedineemswidahe BOBREriblarbhe ones drawn in

respectively fromleft to ht .in the table. Ta
FIG. 6. vgsn%@trfersr{ee%ﬁa@ angteéé O 5 ey orthqgopglse é@ Iy %’368-‘/
chooﬁﬁ%g@%axreﬁ%?&%& '%@Jl%elaﬁatanta&aéﬂeg réi'tholfﬂﬂﬁﬁie bf &tach8d boundary

cross section of dielectric retroreflective
curves ¢hdt nnmtacngjoag/kmgﬂ'l qithe heiginabortiov eAny eursbercd fgsin isplytions is
.'érmer seﬁl. LZQE }Pﬁ ilrl truncated aspheric exit
possiglgusing this Jlex %Iaf}pé?? efl ective nirror-coated faceted
[ooml ﬁwwabl sh@ws a cRS8 Wt ibintbf GRelb@rit brosefetias coBiaiatingishstém 70
of FIG 15, in spite of the reduced aperture of exit
having fefirtiess, mmpmmgflmerweEDtsp@ncg Tar gungatad agpherie eeifesurface 72,
tin S
wt EPGEDTTA BREL A HRsRARNN, B ool b oume s
beamPedtB &5tATFEA. 0% ih BpitSofithe eedicdd ageraes of d:)beshrﬁact 2 compared with
_reference to FIG 1. In the enbodinent of FIG 19, the
exit syrfgead-1 73' does not cross the LED edges, naking

[0075‘1 aﬁ(ﬁ n Sq?glﬂfex%ﬁéé{f\jquew of a three tier retroactive collimating system 77 based
on the flowlines and ortho-flowlines for DTIRC 60 of FIG. 16. The boundary curves for an
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[0077] The devices shown in FIGS. 12 to 16 may be

nodi fied by adding an elliptical bottomtier simlarly
WO 290902648419, TABLE 1 refractive surface 60a fI|PSIYIS2808/006530

60b upper reflector 60c Xy X'y 0.005601 12.53944

1.716114 12.27004 1. 210033 7. 44495 058 3914
axial egspf sol masing pystemofizagg mark Qﬂs@é@zd 8nqefe%§f§1h625 ordinates
for trd- 50989 oS {1 This e SBA BEDvARE ST BheJoBd4RRTTALE: PR Fable 2)
Tabléll gggsﬂﬁ AP (thd 9halde. i6 Qe @Btidal JEASTIRMENn) O&BINates. foBb@undary
0.21314 1.707409.7, 381 2..52858
curvep 6@3 &9 srsspeciively fen %ef%@srag& qwae 15%1 €2£}¥e the xy

coordlnzﬁgsn%?’@ h ddrdeslo®il B and 60 1ed g’ctgle l@ﬁ?@ rikBt. 52014
394513 9. 222134 0.52249 12.5150 329 22821

[0076] BEG3SBhovs BR90H s@ct%ﬁﬁ@el&tﬁs?@ﬁﬁeﬂems mllmzatmzswem 70°
5155 8.363878 0.69 12. 49605 1. 27803 .8.102362
having (SIS <OBPRRREI TS 708 i AER GRS SRR face 72

and rétr&réfléfii e tnierbi-£84ted AL G453 6 BedmAiAB I3 id titkafeSis
0. 925953 12.46237 0.983241 12.45246 1.040423 12.44195

beam_wigtgfﬁgac Fig. 13086pite a5thgseured angture of M?W@Ci 72 4blgstpur upper
tiers ars 6 ﬁar% 0?14 rgé{l)rgé %ﬁ?etnll b i sﬁ’chrfl ?10 4@?9 Tl{‘g\ﬂfg 8@).}@659 po the LED

sourck. 73899141@t1&eﬂ ﬁﬁﬁrﬁ&y be ééiﬁ@r]:ﬁ oithegﬁih‘B& 11 498328beliPwiBl 6f8rence to
FIG. 1. In the embodiment of FIG. 19, the sidewall 73” does not cross the LED edges,
making easier manufacturing.

[0077] The devices shown in FIGS. 12 to 16 may be modified by adding an elliptical
bottom tier similarly to FIG. 19.

TABLE 1

refractive surface 60a flowline 60b upper reflector 60c
X y X y X y

0.005601 12.53944 1.716114 12.27004 1.210033 7.444959
0.058138 12.53914 1.667029 11.80874 1.273561 7.438215
0.11627  12.53824 1.620984 11.37481 1.384193 7.425573
0.174389 12.53673 1.577689 10.96568 1.493433 7.411949
0.232489 12.53462 1.536888 10.57912 1.601198 7.397372
0.290565 12.5319 1.498357 10.21314 1.707409 7.381869
0.348609 12.52858 1.461898 9.865984 1.81199  7.365471
0.406615 12.52466 1.427336 9.536111 1.819595 7.364233
0.464578 12.52014 1.394513 9.222134
0.52249  12.51502 1.36329  8.922821
0.580347 12.50929 1.333542 8.637066
0.63814  12.50297 1.305155 8.363878
0.695865 12.49605 1.27803  8.102362
0.753515 12.48852 1.252073 7.851712
0.811084 12.4804 1.227203 7.611197
0.868565 12.47168 1.210033 7.444959

0.925953 12.46237
0.983241 12.45246
1.040423 12.44195
1.097493 12.43086
1.154445 12.41917
1.211272  12.40689
1.267969 12.39402
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1.549281 12.32089 1.605067 12.30452 1.66068 12.28757
1. 716114 12.27004 TABLE 2 flowine 60Cd | ower refl ector
WO/ i ne 60F Xy Xy x 1.819595 7. 364233 PLTAAEHN06530
3.830033 1.962563 3.654924 1.810273 7.307064 1.257388
3.827189 1.940394 3.585854 1.783886 7.145132 1.273825
refracliv@ surfage 6@a 896927 3. A9y0isgdobl. 758331 6. 9psargefiectrnfin 7
B8.821384 1.854616 3.819194 1.733562 6.835885 1.306502
1.324329818228057. 813358 3. 191447 1. 709536 6.688068 1.322738
1.380631 %24 36b52. 773065 3. 067138 1.686212 6.544483 1. 338905
1.437315812388188. 733658 2. 946098 1.663553 6. 404923 1. 355001
1.493388093348568. 69507 2. 828184 1.641524 6. 269195 1.371025
1 5495818062Q8hgd. 657242 2. 713278 1. 620093 6. 137118 1. 386976
1.605 780 45

NWWWwwww
OO0 NNN

.620121 2.60128 1.59923 6.008527 1.402852

1 o688 79 583665 2.492107 1.578906 5.883264 1.418652
79 P/547832 2.385689 1.559095 5.761184 1.434374
1.716%14,93237004 512589 2. 281967 1.539771 5.642152 1.450018
3.790163 1. 477906 2. 1808GAHLH20913 5. 526039 1. 465582

3. 786859 1.443757 2.082428 1.502496 5.412728 1.481065
BwWiesS6 1. 410119 lowergefiEgter 60184502 5. 302faying 60f96465

3. 78016y 1. 376975 1.893184 1y466911 5. 194673 1.511782
1.819857 7636R31. 3443071.2408623533003849703 51068FH37 3657014
1.8103737 733e¢®64 . 3121031 45788403%2118632863 41936R49 356542459
1783@867699&;1135.1 2803521 1z42813%2430616373 41886242 3145058218

1.75833 6l. 249047, d3034# 733138400219 41%8&%7 la{wig4 87
1733 76 §5?8 2181831 7931442384385 41 8 31195§ZP67
1709 6 1877521 2 S 1ds 68857 4 _
1686 12 157757 1 %, 53622 4 ];[ 2
128198 s 4 . a238668 4 56
1663%5374%?%91 099078 -35°PBh03£09316 16950 82
1641524 6.269195 1.371025  3.806208 1657242 2.713278
1620093 6.137118 - 1.386976 3.803066 1620121  2.60128
159923  6.008527 1402852 3.799889 1583665 2.492107
1578906 5.883264 1.418652 3.79668 1547832 2.385689
1559005 5.761184 1434374 3.793437 1512589 2.281967
1539771 5.642152 1.450018 3.790163 1.477906 2.180894
1520913 5.526039 1.465582 3.786859 1.443757 2.082428
1502496 5.412728 1.481065 3.783524 1.410119  1.986534
1484502 5.302107 1.496465 3.78016 1.376975 1.893184
1466911 5.194073 1511782 3.776768 1.344307 1.802352
1449703 5.088527 1527014 3.773348 1.312103  1.714015
1432863 4.985379 1542159 3.769901 1.280352 1.628155
1.416373 4.884542 15567218 3.766429 1.249047 1.544753
1400219 4.785937 1672187 3.762932 1218181 1.463793
1.384385 4.689488 1.587067 3.759411 1.187752 1.385258
1368857 4.595124 1601856 3.755867 1.157757 1.309134
1353622 4.50278 1616552 3.752301 1.128198 1.235404
1.338668 4.412393 1631156 3.748713 1.099078 1.164051
1323982 4.323904 1645664 3.745106 1.070401 1.095061
1309553 4.23726 1.660077 3.741478 1.042174 1.028414
1205369 4.152409 1674393 3.737832 1.014406 0.964093
1281421 4.069303 168861  3.734169 0.987107 0.902078
1.67698 3.987899 1702729 3.730489 096029  0.842349
1254180 3.908155 1.716747 3.726794 0.933969 0.784884
1.240887 3.830033 1.730663 3.723083 090816  0.729662
1.744477 3.71936 0.882881 0.676658
1.758187 3.715623 0.85815  0.625849
1771792  3.711875 0.83399  0.577208
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1.323982 4.323904 1.645664 3.745106 1.070401 1.095061
1. 309553 4. 23726 1.660077 3.741478 1.042174 1.028414
WORWGRIET 4. 152409 1. 674393 3. 737832 1. 014406 PETAS20E806530
1.281421 4.069303 1.68861 3.734169 0.987107 0.902078
1. 267698 3.987899 1.702729 3.730489 0.96029 0.842349
flowime 689 3. 908155 lowetEfagtor$0e26794 0. 93396Wing 6984884
1. 240887 3.830033 1. K30663 3J. 723083 0. 90846 0. 729662
1. 744477 3.71936 0.78828813. 108675658 1. TGBD8R 3033GB23
0. 85815 0. 625849 1.785688923. 84346875 0. 8339971 0.486328
0.577208f 1 owW i ne 6@d1derWes 700869 ect or Qﬁ%sﬁépv\bhmméo‘
1 m&éfﬁ%ééﬁm 2756%*@262221‘1’%% B e s
0. 765163 0. 4440361 3 ig%gg 6783 o g éoe
1. 838206 3. 692991 5612 1. 8 9 3 % 93
0.702373 0. 329425 . 83b1 0. 68 2 2
1.876728 3. 6815841@7%7@§25365865%2971 1 %28%P7175
0. 646417 0.232654188911835737673965 00@2%@3 @2%5&246
1.91422 3.670154 0.981838413.873965724 1. $BI43B 308642983
0.598172 0. 1530691.9142363.670652534 0. HFF9%A 00.1307265
1. 950657 3. 6587271026487 45663409296 1.0968563 G.1686924
0. 558556 0.0901521038s4742656258/72823 0.0533888 0.1809863806
0.528472 0.0436011 055207 ®lesa7981712 0.0%k4isl 61620647
0.508738 0.0134211Q962845 %508 7054 0558556 0.090152

0.547426 0.072823
0.537388 0.057306
0.528472 0.043601
0.520707 0.031712
0.514121 0.021647
0.508738 0.013421
0.504579 0.007054
0.501662 (0.00257

05 8.71E-15

[0078] FIG. 20 shows a cross-section of airgap RXI collimating system 80, similar to an
embodiment shown in the Falicoff *306 patent. LED package 81 is placed at the center of
collimating lens 82. Package 81 emits ray-fan 84, which is transformed into étendue-
limited collimated beam 85. Lens 82 comprises interior surface 82i receiving ray-fan 84,
front surface 82f that totally internally reflects light back downward on a folded path, and
mirror-coated rear surface 82r which sends the light back up, whence it exits surface 82f.
[0079] FIG. 21 shows a cross-section of truncated airgap RXI collimating system 90,
operating with identical LED package 91, and lens 92 that is truncated by vertically
disposed retroreflector 96. The part of ray-fan 94 that would strike retroreflector 96
directly is recycled by reflector coating 97 on interior surface 92i of lens 92, so the surface
here has a different shape than does surface 82i of FIG. 20. Surfaces 92f and 92r
correspond to surfaces 82f and 82r in FIG. 20. Retroreflector 96 thus recycles light from
the outer part of internally reflecting surface 92f. Alternatively, the corresponding parts of
the exterior surface of the LED 91 can be mirrored. Output beam 95 has the same

beamwidth as beam 85 of FIG. 20, in spite of the smaller aperture.
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0.501662 0.00257 0.5 8.71E-15 [0078] FIG 20 shows a

cross-section of airgap RXI collimating system 80,
WOs30R9/9244#84t 0 an enbodi nent shown in the Fal i coffCT/GB{3608/006530

patent. LED package 8 1 is placed at the center of

collimating |l ens 82. Package 8 1 emts ray-fan 84, ,
[008Q)FIG 42sshopvs seHignatiog sysien lglﬂeﬂau@r fopRethopa injthgk dipoff "306

. . fhtihee ) i
Sy O AP SR ATE 08T ERERP R oy (o
to fadetddantwaibt yurfaet 11621 in Whiglhthelfacdts bawerhwaizdntahloaver olirdasts and

.path, and mrror-coated rear surface 82r which sends .
conichfhs SepGHPBR S Skl ers P arcS diouglht idrer laseopnd s

then fotdRy idtetnal) Qe @e L R3S SEF tHeQRsdRlatéd SdHieH] 6k fade!l 880 BHE of
col 'imating system 90, operating with identical LED

outerphankealgarfades 1024 Wibak t@ally inarnally tefleets aaye H0ypward so it exits out

. verticall I SPOS retrorefl ectar 96. The pa f .
norizp ot 1ifree Yo 3%, R APt RS FEteRareny GippleREub2iS ha dircts
the 1oer @8ys| BorizEntaBE YEihedoWyst SRhtedGuface DEUfi Mhe YVer@ll shape of lens

interior surface 92i of lens 92, so the surface here
102 ifysurhghetisprese d A sublapds a pesrlyFoastant appareat gpgulasdigmeter from the

. 20 qurfac . rrespond to surfaces 82f
varlogér)ﬁosé ?nsﬁ’r?qﬁ? ?‘ﬁérﬁ%%ﬁgge{ %)dr‘zg'fl ector 96 thus recycles

[0081]i BIG. 23rshowk @noatéd colfitating fysterh dn 0 addnyprishid EEDisogree 111 and
.surface 92f. Alternatively, the correspondi n% F)artéig’r of
collimafingdgpse 2o rRayisstrane dre upher patbpiginterios sutkaeenilpt ghedirected
t sohh ' 83redbplaced b
oun AT 1282 " BgSRTE, FRATAALR APmbeFicatpscc by
pairs 32 fachmpeamted $urfaees hip, Symtiegratfefladtive [Vagraogen niexephplany rays

in_the Falicoff '306 patent, .conptisj LED source .10
113 azqdirecif ?w;av{%d»y! igfegioh purface 107 s my Pk 221 5% rErerelgelve V-
groove? thrAGRIR BatldPiheP Carb b diAGEurtO21 1.1 ThvktdeRed AdedimGeflsctive

have horizontal lower Surfaces and conically sl anted

coatingp plegnssiu 2fhas &, saRmybeamavidthtas densuldRenf d4Gt B.dn gpitaof hsmaller
rtsurface, and is then totally internally reflected
apeffi&t eral |y by the associ ated conical surface, out to

[008ANEI®2401b &k afibihbt &bsdifneas e6lliki@ihg sydiemh 20pwhichyis similar to
internally reflects ray 103 upward so. it exits_ o

one sh@van i thedialiseff f epatgneand mprngy LEDsIieh sawer 485 and collimating
ens (551 9141 10 DERR SRRRLARE: dhnachme bl oL

[0083]VEI®@I25 shbaperuatatt®osllifdfing Sysseral 30 dso smmprisng fetroreflecting
subtends a nearly constant apparent ul.ar dia r
lateral Mogiooes 1Ags WHIAT G595 Higliria bg Kipmed i LED @“éﬁ%g‘j af
[0084@ ORiG. §€!v1s aThFinafd siheNSo ki BE Ri@ ) €L iRl slidition of
ystem 110, d coll

conprising LED source 111 and Imating
mushr@ns lehd 2 43 Rhy semttal ickncayity o€ wiipgheactpas ¢ neglativetess todemagnify the

s HEL B2 o0 SRR O eencue

limitdERhigced by pairs of facing slanted surfaces 114,
formng retroreflective V-grooves. Exenplary rays 113
[008%]r EI(ei X7ethoed ciptigaeBestaryl S0rmaede efrmiste Hages ratprefleciersila2 whose

FIG 22 but retyoprefl.ective Vi e
oo B B0 . Wl 1Pl AA D Pk
anywhefel i0ht Viterigrasfirefectdels® id detroieficctdicb stherwb dauen lther side of a

|l ens 102 of FIG 22, in spite of the smaller )
ridge 153. Luminance enhanced light exits through central aperture 155. The inner part of

the retroreflectors is a dielectric with a refractive index high enough to produce

retroreflection by TIR of the rays coming from the LED surface or other suitable source.
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aperture. [0082] FIG 24 shows another enbodi nent,
collimating system 120, which is simlar to one shown
WO 2009/990483a i cof f ' 306 patent, and conprises LEOT/TEHS/006530
source 121 and col l'imati ng l ens 122, simlar to |ens
112 of FIG 23 exce t orred upper collimtin ens
The whalg elljntiggayity-f2y bosl %fL tqquﬁe%?r e geflactangen HQ’?“AG another
i ORI hRG! t
A R e e e
micré g@m/ess o‘iuoheml:ﬁflhne{a@ o8refidotars 26n bchowsl in ahy wunfaiergenerated from
siml of FIG 1 but th the addjt of .
curv MR Eviag, i oatip dbe RIS ER0Rt (st RS oyines
intersdSted bYRASH seh duBSfod LASARIrfake ! *Fﬁat'lgﬁﬁebagé fdelQ: il Bian
sourcé 141 and thereby reduce output beamm dth from
elhpses gf El@nld wdieianthe éhbwdmea mtex[s@@@g]ea@h @erlgmnsfhm/g radial and axial
crefle near

plancegniRbing eSSt diER  TrontRotied orPRBSuch tinear o

retrofef@ctblsAWANAR @fe reflbéthaly dah 8@ East 23 tfi’&m&t@lliz@t\i(Sn pRAessldag bk
striki n%‘ anywhere on the interior of reflector 150 is
f

avoidedt Notethabist &e@ew}/ therrefleciingrsuelaees containipg foydings cap work by TIR.
[ 5 [
[OOS(gclez”g r%glljc I'a%beetlrh? %H?c%ég tﬁ%‘%}s ?}%g%xj rgﬁ&it&)é tfl? ﬂ&lfb’i@ﬂg Brocedure can
be use@t Lor BEC@anbenke parametticadquatisn of tWa lihe aormedinadid fl@wlines (u is the
[ [ enough to produce retroreflectio

i ndex hi gh R of .
parame{gr 4@%%&%@ LebimbicHe WRbasgeAtip Shegrures plek '%Llee dipegthe unit
n= f
tangezlllf’ﬂ{ tglgiﬂ ;Elqgl g?ggsﬁréﬁr}t?%hclf oﬁet:@adr}xﬁ Jﬁ cl l?b(z ¢ alrt1}E)eItS§grvm!to{;‘S are .
perpegldidupr). @ he 2wilopes foif theegtovwd dre @Nen(by:th:y: follawing ipgraimttieequations:
case the inner. surface is, elli hout micro

P=C@y doidsT igitenVhiTe rdlanpisa dhe trats Ry Pg‘f“iltmé’%f‘?ﬂ? yeqiars a9d Wheggu and v
are t e%ﬁ%etéﬁéfJn%gé sFALe! @o@ﬁi hf&{tﬂr@] fﬂﬁd’ HePHIE tHeSakdMfeter u. This

Ines and not only I t| cal cavity, at
surfateasihciilés whk tHe somface esrmial tte thedbtvddhelb yt keasttat s8¢ hEach side of the
forma pl.ane surface. he case
grooyiols i 191y iteEsectiph prdtspoghhar gRBRE: 11ihepisg is not oo big,
the 1dcat Bhabfok b theQR66Y 1B il of R lihdrFeRoreBOt Bt with dxt, |
pl'ane containing the nmeridian in question. The
[008AdT hcﬂeageomﬂemgrsrege diffementifroom those shayin &t @Psthegetrergtlectors
e re rease as the netallization
114 S&i’PWBég @a# lbaew%g/@%%é ARGV iat in general the
[oosg[]eﬁ@czg MIWEW Juatesy wewicTieliptig réfladd I150s caady ameKdiay plane to
086%5 To calculate the surface of the m

reved| dise apuncefl bovigh diamegertlS0|revaatpg M&W@%gﬁeééﬂ% b is

t
copla:r]lgrr \ﬁ’g F%%@c?ﬁglf\{)@mﬁgg g%[d’dsflifslgg skg/r}gﬁé%tfr{éetglr% le tﬁle light
returfiddy byepeflettof 150 be the unit tangent to the curve at P

and let j be the unit ta ent to the
(00824t fgsihfeabigheretlitaacs ARRereerls o pe e hidf s passible in
order tg%t:ﬁ’ire% 25fen Hf‘c{qagm FHJ EHhtnebPendathORGRe ﬁfnetrheﬁnﬂﬁrp@lﬂfgh

are given oW ng paranetric equati ons:
efficim( Wit istweill [qm\pn ij the thintfgin iestey hovd enanthésy ethigh eflesignce using

uct o t.
Pl aPeribi anfa oL meRihe bk comifi e herife iy g citer
alum%ﬁ?{?ldm%r LR nBE TRICRIT diperalddivpitisthefiRG @ert @hd eéfliRSedMadlin air,
he surface normal to the flowines at |east at v=0,
and zEml;lld sypplat of thetjpactive side of the coating. These so-called first surface
reflectors can be designed to operate within a certain range of ray incidence angles and

wavelengths. However, prior art is limited with regard to high performance designs for
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groove is limted by its intersection with its
nei ghbor groove. |If the surface is not too big, the
W0 96%90208havi or of the groove is that of a | i R&dyUS2008/006530
retrorefl ector with axis tp [ 0087] These
refl ctor are dlffe f_romt ose showEm FI%

secon Sur AWRE T Feiemspdeditpneiean ”PH emcafation of many §f the
embdcihBhis @mahs memr{ xuch[é%Qﬁ@hesg% 121% %howsle@yﬁayé@w art design

vi ew of liptic reflector a nmeridian
only pthiene armwemabﬂ@htmeweﬁ%e %prllwwtx‘rg tﬁlmﬂm desigibghown in
Tablc?l\? taﬁ(? N n? gt]ég Eaftgliet Wg%}dgga gqrg{ﬂ?%tpg%orngl]i? rfe:eﬁ C?ﬁecong surface
refledt6f lﬁ'cﬁ?ﬂogoéf‘ EbfleBtah&EMChe visiifle hh@hdar iffrated @£holYof 00 B9 OF

150 It is desirable that the reflectance of
[009Q]n&he ey pﬂn@pllee@c@tfsdemnablsrw@wt@sls possled|ie USutdity epplication

11/95{%24@0‘%%@?&&5 r@? I 1{: Ial It rg)c%?%)nﬁftor :LF_,Dbf’hgsh of ﬁ?axﬁ-?jovn@%lpmg” filed

I Cl en

on NEvEBer 2n2007(biytting of itheinvestostdf)thil Qﬁ!/dnﬂoﬁl)’; RMihesteis ih@porated
reflectance using nmulti-dielectric coatings or hybrid

hereipby aefesnes dtity ?@“@Watlﬂ REFST tnieraase ke rrbeciince gndnitigklow index
| t

layer%k%w%l%%mﬁ{ ?18&1%? mg&eet t lragyi cﬁcaas?%c’koa%ﬁ J@&é ﬁ):tgp’:dgﬁhectnc

medismpjfalid optic. tTie thMﬁéSs\oé tlsb t@eoihomltbbe:n@ldsm thanTwesimes the

so-cal | ed flrs surface refl ectors, can_be ned
shortgs ayayelengihiafilig LES%?% Ringeds feb eolplghlé(yeﬂﬁfé?% e?w% @}ﬁ@@kness
of lO@Uﬁijﬁ@\f OGRS Wosks VOB SisibR eg‘ﬂ[ sdtlrtesl STHid Hidk@dssvk Idler

regard to high perfornmance designs forsecond surface
optinriedd estnga thin fifih dasign neﬁwm packagefsiiclc aseBssennal Macleod once a

. npl.ement at.i | ment s hj,s .
merid R o7 ErOSHEh or 4P it oh B EFoET i s Shan i I felpwine
table @fa'rt%(%) Rbih (HE el R In¥didiTa8iEhNo BeaLAIR) balkvRed 2d%ards air.

The following thin filmdesign shown in Table
The Batgrials essiordériof depesidomen thsrseqendessiriace, oy heanaDiopidea fantalum

o SRS SR A A o
prop@dt&y &b of| SH201R] Meids Keypapatiohco e ExetordpNdesY gk, The kst layer

reflector is revealed in US utility applicatjon
protegts/thygsilvgnand wnrébb@orersaT bhewirell figkhsss F@WC'F byjust under 1.7

g_gpg 2007

mlcr(%rED]\gA?né;ﬁ%P H{ lent o?cgsyl%glaﬁljl légﬁ%lﬂg’ntl on v\);ﬁl?l chis
mcorporated hereln by reéfABEBEGe in its entlrety In

Desid der to |gc rgase the reflectance an initial |ow index

Refeg% er S EFlicon dioxide is used as the first

Wav% %ﬁ' a st ack applied to the dielectric medium of

(nm) opt| c. The thickness of this layer should be no

Incide@SS than two times the shortest wavel ength of |ight

Anglé iégE e that needs to be highly reflected. A nom nal

Layek hi ckneviseraf  P43RDgM ReadrativeOnErtingtioks Wetlidal f or Phiysicddl e Geometric
| i ght sour cesDedity s Ihdxck nesGoeffgientit @hicloyess$ niThisknasgsi nidrickness
a thin filmdesign softvvare ackage §YW@Thas E@rﬁ)enti al

Medijpic| eod\ctite a nerit!-#4#2ix §s established for

1 design S gr elerred ‘&qsén i% shown P96%%pe fdP?%@vl ng 2029818
2 table JpaP from3%e diel®ctric m@r??ﬁﬂﬂG( a@éﬁﬁ%d togﬁgég;
3 pe acr {9%) b ckward%“q 8§varo% air. TRdSkR{eri® % are oo
4 in ordé¥ of dé posi ti B3N t e cond0 \ 5ace‘118 lico 1092375
g Di oxi d&Y Tant ?i\l um Pe % Yxi de I [ conP de 49 gl Ver, 094132
Subs?opeper r‘{:prote ts sil fro grada i , el (a

Total Thickness 4.361252 1681.36 3.172371
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proprietary netal of Special Metals Corporation of New

Hartford, New York. The |ast |ayer protects the silver
WO00/@88%der | ayers. The overall thickness of tHed/E128@8K006530

is just under 1.7 microns. Note that the first Silicon

Di oxi de layer is slightly under 1100 nm TABLE 3

Desi gn: second surface Reference 530 Wavel ength (nm:

[009%2@9%?1‘&8:1%2%1&5(@ Laon#e%}{ gF)lagEEt%ﬂ ﬁ%}tef@r@&' 410 1.0 for all

ractive t1nct ysi cal ‘Geonet
wavelRaugtistfyorh A2 xmQoef00imn ﬂnﬂleMacdéudetaEgeﬂ'matrkneEK} 29 shows graph

160 WgH gatsaaht /o OSSR (r6isabimss o Sha sreaid ssfsse hip i gfctor

o ST S 08 SO Gy,

reflectarfce Gtartk a 9¥%4foR4 VB M (hddS Qﬁc&e%%&r&llm&yﬁlgﬁisl\ﬁom about 425
1. 1 71414 49,89 0.09413 bstrate Air
nm uip i, 290 ¥y kPN gt PEORBYES SEPOS PS8 PBBYTE Hpeate

gradléﬁfdpﬁﬁ{@eﬁﬁﬁ df%‘tﬂb‘??ox(rxflsoéf Jp‘i‘ﬁmﬂﬁ% KRB WaIth Rdsk QRi1RH G 8t of thin
were set to 1.0 for all wavelengths from 420 nmto 700

film deargni For hrmanumamfomawa 1Rge o mcndp@e aml@ra@wemebqagths

0 whi ch %r flect ertic
shoulfhg W88 Gt (ot P profen PRl P41 B Pl anc
Tanté%ﬁlﬁ'l’%nfd%'idet dre aél‘&’édetb&ﬂ@&é‘slérh @i refledtahcedih b foald ihérodsed to
350nmto 700nm The refl ectance starts at 95% for 410

above9%arrefleatanss dora wide repge of incidanest anglpsisad prayslensbst Faphigh
1nc1denc§ a.%%{eg( onze ' ﬁ crpﬁc‘iﬁ 51%%} the p &BC@EHL?&%@I& 1'0%% as the thick

uga gradient optl
layer@lf Salidoa ﬂ)lf)ﬁidmiseﬂlefct@lﬁ)ght WhaZtﬂ)tal imtetnabrsfiettoort hose ski | | e d

art of thin filmdesig For, X manc .
10092daﬁ1£é Wrshohe; laé\a&élaéﬁgq%sﬂe%tm \h\ év’é'?%ttﬂ g?éhg({zlacfeb%f flowines
ond SREEURTE Sl 420 AL TR, ok i
comprises allightgource 36 1 raafl laeotlanatergoand rbteorfeﬂcctth@roptnc&()éab@lmded by a

R A WA M SR e
surfaée%klﬁ\f@vcﬁﬁ‘t?orﬁ'}f' thé ﬁﬁés odreh F-It}e3® ghdiR GlcnEA axss. Reﬂectlve surface
heoretically 100% as the thick
306 extends along a flowline from the edge of the refractive exit surface 304 towards the
source 301. Retroreflective surface 308 extends along an ortho-flowline from the proximal
end of the reflective surface 306 towards the axis of luminaire 300. Reflective surface 310
extends along a flowline from the inner edge of reflective surface 308 to the periphery of
source 301.
[0093] In order to show the geometry more clearly, the flowline on which surface 310 lies
and the exit surface 304 have been extended to meet. These extended lines delineate a
notional conventional collimating luminaire, with which the luminaire 300 of FIG. 30 may
be compared. The retroreflective surface 308 permits the size of the exit aperture 304, and
the overall size of the optic 302 to be reduced relative to the notional comparison luminaire,

while maintaining the angular beamwidth 312 equal to that of the notional comparison

[uminaire.
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| ayer of Silicon D oxide reflects light via total

internal reflection. [0092] FIG 30 shows, in an axi al
WOX00%R048ct i on view sinmilar to FIG 16, a set P§I/US2008/006530

fI ow i nes and ortho flowines for a further enbodi ment

a lum nair The | um naire 300 conprises
10091& aﬁe shapgs eét@@ftlawlrﬁaceapf ortct I Hpra s in batdes ‘éé‘iq ngsa

t
serief B biSisifiey POUBAALS lor cah bAGHES T, 508 508 380, ing the
plansseff thasagcaB@l sy Farasl thé cerawab bxisiasx =00. t he | i nes shown
in FIG 30 about a centra,]l_ @ﬂ? Ref | ecti ve surface
306 extends along a fl ow A bm t he edge of the
refractive ex‘bgIt §H£J apg 304 towar dsF W@eﬁ%ur ce 301.
Ret r or ef | ectlve surface 308 extends aI ong _ an
ortho-fl ow i ne*from the proxi mal eld of geflective

surface 306 98R%EF8L-38 &% xi s of ['oAPHA ?ég%e@ :
Ref | ective sUP453ee BHKI6%%t ends all@het3R P80 ne from
the inner edyeo0sfic refd064G i ve sur fl2¢e6530808% 7t he

peri phery of0.s3504€65.538145 [ 0093] Hr25885%e4.962003how t he
geonet ry norgisdeaard sre2edhe flow ingrawa wierds7sur f ace
310 lies and g hgoexd 472084 f ace 304 b hepspigxt ended
to meet. Thege, 6%} engdag,} i nes deli ngaztse Badtobi onal
conventi onal Q%ZE r%é4 I um nai rqmws é 4<4‘h t he

3

lum naire 30?)
of t he

e
retroreflect?RMNE&YUr ﬁaséég%OS per m t e
exit aperture 8895 5M388he overalli1€3¢4Pe H#3PRe optic
302 to be re¢rDFd0 ref4eb34e t o t hd 1HBR73oAdP0M8npari son
| um naire, wha#d5384re6.58880M1 ng t he 1dAg1as.283d8wW dt h 312
equal to thagswfsos es3nesd onal conpasisiond.20936
| 'umi nai re. [ 098¢kbed s saapes of theqagiol ve1sgesf aces of
optic 302 argssheun iNgdabl es 4 angommias pgssgri es of
plots of X,y al ong e nes 304,
Qﬁ&%ég éqn 1595, qgﬂ 7 5B§6§6E5

306 308, 31 pl ane 301 as y
0 and the GAHAE|5 5024 oo - B V%%, |

surface 304 ETGAIFT A 78480 x 1@6662384%8‘52%81988
1. 306941 5. 268E631 (5.45689%64 5 5816@55%428891%85 159707
0. 090516 5. 5884468 15420654 5. 0591045551 3335@35. 578745
1. 253555 4. 9680déo &5.4908241 5. 5763255413238081434. 867987
0.22609 5. 57298f7d 224a20 4. 776939656373 582466. 569027
1. 205925 4.6 % G 6 5.564353.40:191148:4. 603044
0.361149 5.5 3.15 B5 4.519884 0. 406, 5, 552853
1. 163049 4.4 -3 -0065567"3.49

1.060143 5.376969 0.997375 3.437594

1.102009 5.359758 0.988395 3.381493

1.143596 5.341884 0.979609 3.326412

1.184893 5.32335 0.971007 3.272312

1.225889 5.30416 0.962582 3.219154

1.266576 5.284321 0.954326 3.166903

1.306941 5.263837 0.946232 3.115526

0.938293 3.064991
0.930502 3.015267
0.922855 2.966327
0.915344 2.918145
0.907964 2.870695
0.900711 2.823954
0.89358 2.7779
0.886565 2.732512
0.879662 2.687769
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0. 450749 5.546034 1.149673 4.360443 0.495384 5.538503
1.136711 4.283913 0.539893 5.530262 1.124141 4.20936
WOR0SEWIEH 5. 521314 1.111942 4.13668 0. 628489 PCTUBHIB/006530
1.100093 4. 065779 0.672554 5.501305 1.088577 3.996566
0.716448 5.490249 1.077376 3.928959 0. 760161 5.478496
1. 066473 3. 862@sude@P681 5. 466048FPwimsifi, 3. 798258
0. 846998 5.452909 1.0¥5505 3. 735023 0.890099 5. 439082
1.035413 3.673113 0.932976 5. 424631286702658%54 3. 612469
0.975616 5.409379 1.01595 3. 553085641781866845. 39351
1. 006556 3.49476 1.060143 5. 3769685858897 89@33. 437594
1.102009 5.359758 0.988395 3. 381 E%ﬁ% igﬁ%ﬁ 5.341884
0.979609 3.326412 1.184893 5.323 272312
1.225889 5.30416 0.962582 3.21915 284321
0. 954326 3.166903 1.306941 5.26388904%9%62'9983 115526
0.938293 3.064991 0.930502 3.015983%41§3923%H822 966327
0.915344 2.918145 0.907964 2. 8706.8%803.19208910552. 823954
0.89358 2. 7779 0.886565 2. 732512 Q8Bn966211R0687769EXi t
surface 304 Flowine 306 X y X Yyp@155688577224943654
0.866176 2.600149 0.810056 2.233582
TABLE 5
Ortho-flowline 308 Flowline 310
X y X y

0.810056 2.233582 1.318804 2.114914

0.821841 2.23176 1.318039 2.112537

0.833573 2.229906 1.299096 2.053679

0.845251 2.228019 1.280508 1.995877

0.856875 2.2261 1.262239 1.939055

0.868444 2.224151 1.244258 1.883153

0.879957 2.222171 1.226536 1.828115

0.891412 2.220161 1.209048 1.773899

0.90281 2.218122 1.191774 1.72047

0.914149 2.216054 1.174693 1.667798

0.925428 2.213959 1.157788 1.615861

0.936646 2.211836 1.141046 1.564641

0.947804 2.209686 1.124452 1.514124

0.958899 2.20751 1.107994 1.464301

0.969931 2.205309 1.091664 1.415165

0.980899 2.203083 1.075451 1.366713

0.991802 2.200833 1.059349 1.318943

1.00264 2.198559 1.04335 1.271858

1.013412 2.196263 1.027449 1.225458

1.024116 2.193945 1.011641 1.179749

1.034753 2.191605 0.995923 1.134734

1.045321 2.189244 0.980292 1.090421

1.055819 2.186863 0.964746 1.046815

1.066248 2.184463 0.949283 1.003925

1.076605 2.182044 0.933903 0.961757

1.086891 2.179607 0.918607 0.92032

1.097104 2.177153 0.903395 0.879622

1.107245 2.174682 0.888269 0.83967

1.117311 2.172195 0.873231 0.800472

1.127303 2.169693 0.858285 0.762036
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0. 859586 2.557237 0.853092 2.514903 0. 84669 2.473131

0. 840379 2.431908 0.834153 2.39122 0.828011 2. 351055
WOR0BPR294842, 311401 0. 815965 2.272247 0. 810056 PCIEZEBBIB/006530

TABLE 5 Ortho-flowine 308 Flowine 310 x y X vy

0. 810056 2.233582 1.318804 2.114914 0.821841 2.23176
1. 318039 2. 19du=sfovding388573 2. 229906lovlinen§96 2. 053679
0. 845251 2.228019 1.280508 1.99587% 0.856875 2.2261
1.262239 1.939055% Q. H68444 2. 22408434B32d.424389 1. 883153
0. 879957 2. 222k7ds b. 236536 1. 8283 15sdd1884d7M292. 220161
1.209048 1. 7738895 & R928L 2. 2181331493594 égk73. 72047
0.914149 2. 24 3 1.667¢98,R59% 52. 213959
1 157788 1 %gggg gggggzﬁ 2 mggg g@gf‘@g I 564641
0.947804 2.2 - 52 1.51412PY 308885942 20751
1.107994 1. 461631 &' $48¥R1 2. 20590997 40938844 1. 415165
0. 980899 2. 2019403 2. 518151 1. 3669736686090 P90492. 200833
1. 059349 1. 3083435 2. 130264 2. 1985689425764B3%2797 271858
1.013412 2. 10626687 12028619 1. 22545886b40@ 4416568 2. 193945
1. 011641 1. 14755497 b. Q34353 2. 19160md3s9952@39 1. 134734
1.232107 2.141373 0.70141 0.391391
1.241154 2.138745 0.688028 0.362567
1.250119 2.136111 0.674_834 0.334571
1.259 2.133471 0.661839 0.307403
1.267798 2.130828 0.649057 0.281066
1.276512 2.12818 - 0.636498 0.255561
1.285142 2.12553 0.624176 0.230888
1.293686 2.122877 0.612105 0.207049
1.302145 2.120223 0.600299 0.184045
1.310517 2.117568 0.58877 0.161875
1.318804 2.114914 0.577535 0.14054

0.566607 0.120041
0.556001 0.100377
0.545734 0.081551
0.53582 0.063561
0.526274 0.04641
0.517112 0.030098
0.508349 0.014627

0.5 -1.89E-15

[0095] The preceding description of presently contemplated modes of practicing the
invention is not to be taken in a limiting sense, but is made merely for the purpose of
describing the general principles of the invention.

[0096] For example, the source of radiation has been described in the embodiments as a
flat, square or circular, light emitting diode (LED). LED sources are described because
LED sources with the desired properties, including high luminous efficiency and diffuse
reflectance of light of the same frequencies as the light emitted, are readily obtainable from
commercial sources. However, other light sources currently available or to become
available in the future may be used instead. Flat, square or circular sources are described in
the embodiments because LED sources with that configuration are readily obtainable from

commercial sources, and because the resulting geometrical simplicity of the examples is
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1. 045321 2.189244 0.980292 1.090421 1.055819 2.186863
0.964746 1.046815 1.066248 2.184463 0.949283 1.003925
WO2007@888 2. 182044 0. 933903 0. 961757 1. 086891 PETIFRRE$7006530
0.918607 0.92032 1.097104 2. 177153 0. 903395 0. 879622
1.107245 2.174682 0.888269 0.83967 1.117311 2.172195
behe@echtpgaz@ n gnc@gﬁmizng_of:l_@? yggeryl%ggggp]@s gHowexer, light sources of

flowine 308 Flow ine310 x y x y 1.13722
Other%hﬁ%ﬁ%é. 2%5'433 0.724369 1.14706 2.164647 0.828681
[009101 Baﬁéb%%ple kbofigtZmbidbdirtiexitd Bawe. 1&1:14 d3&cribed Wiz feteriedd i

2.159548 799495 0.616055 1.176121 2.156981 785073
oriengtiog 9w1n %%swlr@s,l@mfla@w UAZQSUS %?wp% an g&

Howgve} 5@1@ b8 Qibéd ﬁﬁgﬁagessr%ég bd udlAft OPhe? olitaratiBnd- 742576
2797 1.213767 2.14661 0. 728694 0.451508 1.222977

[009&. Th@ 6dbs@p? 04 96Gn gem@hGBOuld b2 JRkOMid MillBizSerencOd4he claims.

10099 {Bg ol padand) U3, Een oS ige epsefieved ey vant o
unde%ta%@? the #RéA6h, 4nd 3&3330@0@4&1%%1@ bgf’réﬁ%cé iR iHeRleatirety.
12818 0. 636498 0. 255561 1. 285142 553 0. 624176

[010@ @3%)@8@41352199@601@@22877 0. 612105 0.207049 1.302145
oo, ESERAEGAdpi0ss 1 105t 2 1rsen 0o
[0108). U @FHd4)5BX @ dckinaiD0377

[0103]) U.S. 6,496,237 to Gleckman

[0104] U.S. 6,960,872 to Beeson & Zimmerman

[0105] U.S. 6,869,206 to Beeson & Zimmerman

[0106) U.S. 7,025,464 to Beeson & Zimmerman

[0107] U.S. 7,040,774 to Beeson & Zimmerman
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0. 545734 0. 081551 0.53582 0.063561 0.526274 0.04641
0.517112 0.030098 0.508349 0.014627 0.5 -1.89E-15
WO 9059%P48the precedi ng description of present | yYCT/US2008/006530
cont enpl at ed nodes of practicing the invention is not
to be taken in a limting sense, but is made nerely
CLAIMS t nhe pur pose of describing the general principles
of the invention. [0096] For exanple, the source of
“nm¥QQE&hE@ﬁ;has been described in the embodi nents as a
'at, square or circular, light emtting diode (LED).
LED sources are described because LED sources with the
debi Aedllpnatpw luimesgire compringp hghjtsouresiwitdus ddfust céftactiyity
and diffuse reflectance of .|jght .of .the sa .
exce?ci}%%%l&qlfi 2 cgﬁlr{lﬁgmgaliuﬁ“?algdm %q:a’tln%p'g %fgta{i‘?@ht of said source,
said RBliAdiRERLBudih® BsGENMAMRIaA Y Bhifo Rk be/AWIdIRWENGSY its &liN&ferture, and a
light sources currently available or to becone )
systegvel reapiedlestars that et earhefsaiskernisied light toswail soareg, said
reroR YR o Ghh BB RS PR eI PRl bRrblE so o sid v

apertQ@ik s@uNé thantherétendaadinhivedapeauRRdbt said beamwithirer ci al
sources, and because the resulting geonetrical

simplicity of the exanples.isbelieved to aid. Ln ..
undteP SOHHBMHE lymingige GOTRESIE Zh'gg}ﬁrSPHYﬁe oY ifhga gﬁfﬁﬁé\"/%q‘?c“‘”ty

éxceédi%?iﬁaqﬂ G 11RhatNGmiSHRRRR iém% thekiRitted ﬁlggt\?ﬁ Sﬁﬁpfource,

exa sone enbodi ments have e descrlbg .
said luefipaienmedoong heulmtangiatlgtunidorns heamwidth a¢ressitaeingpsrture, and a

usi rel.ative | anguage such_.as,"top" "bottom " .
systepalayarardTiseioss Ot HUUC s gl ALAPE SRy BN (R 00 FRY gpsrpes sid
systeRf faRhadtbRNHowiOB8 rerhbeal lofke SRERANAIS shitexitupRRUIeBO that said

~should be determned with reference to the clains.
exit pe0eB]is Tinell¢raharothic ftenduelimitedapetns, fopsaid hearawidirent s
are believed to be relevant to understanding of the

i nyeptiqn n re.] her el §..ay5r [

T A B P L, S P o
at ledsOdpiptdxitdately BllipHeal B2&oncavédeaoksfrotor €bd Pdturds Part of said emitted
6,043,591 to G ecknan [0103] U.S. 6,496,237 to
light g i pRIACE-0104] U. S. 6, 960, 872 to Beeson & Zi nmmer nan

[0105] U.S. 6,869,206 to Beeson & Zi merman [ 0106] -

U. Ag A g?rﬁatﬂ&éluﬁﬁnﬁ%e&) riirg 1@ 0rdeQhitha diffule reflectivity

7, 040, 774710 Beeson & %l{bm’rer@rmn AlM5 What is clainmed.
exce¢ding one half, said luminaire defining an exit aperture and intercepting the emitted
light of said source in directions outside the exit aperture, said luminaire comprising at least
one at least approximately elliptically concave retroreflector that returns part of said

emitted light to said source.

5. A collimating luminaire according to claim 3 or claim 4, wherein at least one
focus of an ellipse defining the elliptically concave retroreflector is at least approximately

at an edge of a beam of light that reaches the retroreflector from the source.

6. A collimating luminaire according to claim 5, wherein at least one focus of the

ellipse is at least approximately at an edge of the light source.

7. A collimating luminaire according to claim 5, wherein at least one focus of the

ellipse is at least approximately at an edge of an opaque object that cuts off the beam of
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1. Acollimating lumnaire conprising a |ight-source
wth a diffuse reflectivity exceeding one half, a
WOc29P9/926884i ng | um naire intercepting the em tt &TIEHS/006530

of said source, said |um naire producing a

substantially uni form beamd dth across its exit
llghaperture and a systemof retroreflectors that returns

part of said emtted light to said source, said

r eﬁ r Rre@iIt Rty lﬁnﬁilnain%"ﬂc@&'dtr&ﬁt ol BIIRVAIWIEL EARpRess &f 1eB& tvo said

said exit aperture that said exit aperture I's
retros:ﬂattbe:r amdrwhelteheatelczezn duefdcisrf the cHipse dafiving arfirstiettoreflector is
mM dt h i.matin I gai.re, conpri,sing a

ot leqd R Uitk s oA rerE DR PO PR ResifieS e fis
retrofeflkétor.a col limating lumnnaire intercepting the emtted

light of said source, said |um naire producing a

substantially uniform beamdv dth across its _exit

aperfgpHimating an%r}as,reewr:@rrhrrgdp\my of elafme ¢ e B scampyising at least
one fgfpvgﬁg Ee:ﬂee%%rtao gxftloﬁ %Féedé?a(; %ﬁtg{‘ﬂ%%ﬂ rt]lg@(ét){rlteaperture in such
a mam&amayai pmﬂuctefHESLmStaﬁnaln{saﬁﬁldefn Iseanintlvielii ﬁcré\:ﬂ&hd& exieapesture wherein
sald exit aperture s snmpller thanp t

the e@f RRaES 15 %’i‘?atuéﬂal’é dhe %}Frédtreo‘rmg%r; %pesfé%mraeﬁ begmwjdth.

col I'i mating Iunrnalre according to claiml or claim 2,

COfEPT A 3bMGnAing 16T aiRABcAHing88 S fai R0 W MAEEYst one said forward

elliptically concave retroreflector that returns part
reflewsér is at Bagrapptoxambatehhitypedbodigally eangav®. 4. A col | i mating

| 'um naire conprising a Iight source with a diffuse

flect e ceedln
adtr i i RSP Ao RaBial o b AROL b By one ocys ofa
hypetbofthde fingS g thy p@bb L €allyrtodltav@fbivodid reflécsorde at l&&st@ppioxrmately at
aperture, said lumnaire conprising at_|east one at

an edlge ak e baarp b kighithal ipaghes ths fopuand Feeftemfyem the source.
retroreflector that returns part of said emtted |ight
tos ‘% @oﬁ%‘ﬁtﬁ@ 1 rﬁmaﬁe%%drﬂf?igttb @Enrhui"f' OAkfetn AA684% 8hdbeus of the
to claim a|n1 in at |east one focus of
hypesbolaeis lat jeast appfaxmmatglyt di@nedpé pf thedighyswuexave
retroreflector is at | east approximately at an edge of

ea ht t hat reaches .th Lro) eflect r.fr

£ e R s ianae e e R G SR BrErsb Ry bpEBeus of the
hypefof 1§‘a5leawh@bﬁixﬁkn§ttel}‘ £anledpO6f AtomUSI ﬁ)fhﬁrep delqmt tiait cuts off

at | east approximately at an edge o the |1 ght source.
the bgam af Yghtl i mating | umi naire according to claims5,

wherein at | east one focus of the ellipse is at |east

appy oxi, e

of P i eOBinElihgtim B 4gCorGingd cRRRTSC wRBlcRE N LMEonE ek of the
hypefbotois di legsttappadxanately; atwhiedpe obarpaid s@sorafledteastweamthe source

sajd retrqreflectors, and wherein at |east one focus
mﬁt@?ﬁ¥ﬂ%“EFﬁFﬁ§% defining a first retroreflector is at

| east approxinmately at an edge of a second

r ey, Ok eblidedtdp l@ﬁtd’z‘lﬁ% '&c&&@m@%’ hef oPOihd1E td 14,Shherein at least one

retroreflector. 9. Acollimating lumnaire accordlng
mHORGCQQyOMﬁmE$almB 1 to 8, conprising at |east one

forward reflector positioned to direct intercepted

i l%htA lrlfPI!iJang lll?r%in%)l(rietacg&ﬁfntg% %n& Of élldﬁgs 1 to 15, wherein at least one

retroreflector operates inside a dielectric.

17. A collimating luminaire according to claim 16, comprising retroreflectors that

reflect by micro-linear grooves.
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a manner as to produce a substantially uniform

beamm dth across the exit aperture wherein the exit
WO03969/2048 i s smal | er than the etendue- lunit ed F&TEF2048406530

for said beammi dth. 10. A collimting lumnnaire

according taq c{ain19, wherein at |east one said .
f ol 8 eplimatipg {wpinage agcording to %‘ﬁ’p‘?f(ﬂ‘i‘lﬁs’étle‘loy] 7, comprising at least
| 63 fe¥1eCQMS AV in ik sthcicO! i mating lumnaire
(nwrg%ggpgﬁhgﬁ%of%Fain?lo,nhﬁ%rgﬁg at | east one focus of a
hyper bol a defining the hyperbolically concave forward
r ef9. éctalimangtunipaist acqopdiog tovelaie ¥8.avhegingheg thinfilm stack has

. he of light. that .reaches the forward. reflector.fro
an infi Ryt ot OVt ROEIFREREE raffFel S Piskess GPRRR iGN equal to
two tirhé tht Admidd Qa@tlengdh fbeaadk.one focus of the hyperbol a
is at | east approximately at an edge of the |ight

source. 13. A collimting lumnaire according to claim
1120. wh epBimpten andagpredlgetor Hais cgpatle af beips coabefsvita

. ! i | . of

suitabfEohy AR O & L bl BRI acBiraBd (307 oPLipH ) 1o 10
collimating lum naire according to claim 13, wherein
at | east one focus of the hyperbola is at |east
approximately at an edge of a said retroreflector
bet ween the source and the forward reflector. 15. A
collimating lum naire according to any of clains 1 to
14, wherein at |east one retroreflector operates in
air. 16. Acollimting |um naire according to any of
claims 1 to 15, wherein at |east one retroreflector
operates inside a dielectric. 17. A collimting
| um naire according to claim16, conprising
retroreflectors that reflect by mcro-Iinear
grooves. 18. A collimating lum naire according to any
of clains 1 to 17, conprising at |east one
retroreflector that reflects by a thin filmstack. 19.
A collimating lumnaire according to claim 18, wherein
the thin filmstack has an initial |ayer of a |low
i ndex of refraction material with a thickness
approximately equal to two tines the nom na
wavel ength for stack. 20. A collimtor and
retroreflector that is capable of being conbined with
a suitable light source to forma collimting
| um naire according to any of clains 1 to 19.
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