WD 2004/ 051705 PCTI US2003/ 038040 | LLUM NATI ON SYSTEM USI NG A PLURALI TY OF
LI GHT SOURCES BACKGROUND OF THE | NVENTION Field of the Invention The
present invention relates to a lighting or illum nation assenbly and 5
system Myeg @%gli,&ul arly, the present invention rel ateeT/0s2083/688¢80 coupl i ng
efficiency I f um nation systemincluding a plurality of Iight sources.
Background Art 1)1 uminatio ' ' RS cations.
Hone, nedical, MW,A [.” 4 Lrey o, lQi(elﬁl‘rg‘{'e)}}]w re light to
be made available. 10 Simlarly, aircraft, marine, and autonotive
applications require high-i n*‘gﬁgj&?&!p' uND b figakveRTieRns. In US 6 290 382 BI,
an LED illum nation source i 0S at 1ncludes a plurality of LED
chips that are attached to a strip block that electrically connects a row
LED chi ps in pdickdoefdhe Inpagiiether  in one enbodi nent, an illumination fixture
i ncludes a pluralityrRfpreskht@hventirklitbatg a dplamg of illknatiorghtendbpuamdes, and a
fiber-optic assenbly havi grg a common fjrst. buPdI e f@dh gnudl.lpl urality of
second ends. SEacrstet Mpwe pagedily. BRACsE PR ISASs © 2 UEURT 8™, 0 recei ve i ght
froman LFD. Thegfddigy SukinficiByserh iglitiing & pratityeof igmsmeteadnds to  the common
first end such that light fromthe LEDs is output at the first end, Further,
in Eli 0 303 741 Qt a Iight emtting diode display is disclosed. The case is
formed by inject opaque col our plastic and conprises hol es arranged
in a matrix. Furthenuntntiostyaprsatk esddsa wrietyfob applicetiops. | igress medigal.of pl asti cs

such as PC acryl d are arranged within t ase. The
reflector is pr cﬂ?f‘éﬂﬁ“ddﬂ@é?‘ﬁleagrﬁ%ag%né OB%}’erﬁ%uté%%EB?{) ﬁ%‘?%ﬁg%ﬂﬁb% EN 1 108 949 A
a vehicl e i s¢li SSinQ&Baivraffymariy, andaekiotptiefapplivdticns degtire high-inkmsissabl e | ght

sources, preferafly. sem.conductor |aser |ight sources or light emtting
' di odes, each of‘RV%'inﬁtf’?nmuCe a beamof light, are optically coupled to a

fiber optic wavggig®o 3kh81] ATHD filudhbtiGduce R dicR sty RO UGSy of
preferably at a 'single |ocation hin the vehicle for easy access_ and

W t <, ¢
conveni ent | y." | J&& ehdpsibatiarenatiaphed Joh fteip slock-thatelectrjpally gamnertssa wimsLED) ohips
transmts the b At g i _ . E‘mﬁ,.é 09
brake Iights, tgfp?riﬂgﬁts, ﬁg{éﬂjﬁ@t&)gﬁ?l}]ﬁhlg tsa}ﬂ% turlﬁ l%%}?@%&%?
Tradi ti onal | i ghightregnigting tlids (LEN)Eightsdrced, @nd & fiberidplic pemble Having akenmonr ar c

first bundle end and plurality of second ends. Each of the sccond ends is optically .
coupled to receive light from an I.ED. The fibers transmit light from the second ends to

the cominon first end such that Jight from the LEDs is output at the first end.

Further, in EP 0 303 741 Al a light emitting diodc display is disclosed. The case is
formed by injection of an’opaque edlour plastic and coraprises holes arranged in a
matrix. Furiher, dot-shaped lenses are formed by injettion of plasties such as PC aeryl
and are aranged within the holes of the case. The reflector is provided wnderncath the

lenses.

- Furthermore, in EP 1 108 949 Al a vchicle is disclosed with a plurality of individually
addressable light sources, prcfembly semicondugtor laser light sources or light cmitting
diodes, each of which produce a beam of light, arc optically coupled to a fiber optic
waveguaide. The lascr light sources are grdﬁped together preferably at a single location
within the vehicle for easy access and conveniently located within the vehicle. Fiber
-waveguidés distally transmits the beaas to the optical loads of the vehicle, including the
brake lights, taillights, instrumentation lights and tumn signals ©
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| anps, which sonetines include focusing | enses and/or reflective surfaces to
direct the produced illumnnation into a beam However, in certain
applications, such as in swinmmng pool lighting, the final |ight output may
be required to be placed in environnents in which electrical contacts are
undesirable. In other applications, such as autonobile headlights, there
exists a desire to nove the |ight source from exposed, danage-prone
positions to nore secure |ocations. Additionally, in yet other

applications, limtatiogons in ghy5| cal space, accessibilit or design
consi derations may riselifqnal lighling sysrems haympsed gleqtacally goyered BampR oRart ocat i on

different fromy @rﬂn&h&n&hﬁh@hndlddl:ﬂﬂhﬂ?gtlbxﬁé\s dn8/of RABULIVE Surfakdd 16 &fgONSE O
sonme of these nee |l um nation systens have been devel oped using optical

wavegui des to gﬂF@@dPQ‘i’é"l‘ﬁ'@Wo’W’ﬁ?ﬁ@an itvevep (i ceEtanFPRIICaiRng SERAS| | | uni nat i on

point. One Curr%lrﬂ:ﬂﬁn@@@&mghtﬁlgtﬁcﬂﬁﬁh@htbb@ﬁtn@ay%' fredlot@bRcedliha ght source
or a cluster of light sources Prou ed cl osely er to forma single

i |1 um nation sogfvéanmeptdn whish elegtrp 'P%‘tﬂ“@f’%‘ﬁéﬁ"&b %o’tﬁroé@r RplicatiPRSet ed Wi th the

ai de of focusi pghaPiukdnobild h@diightd, thele @xiSPh Usat toVANRARY I sobie oRS a | arge
core plastic optical, _fiber, that transmts the light to a location that is

renote from t heSH98ficdamess;Propapositiops ‘9él°‘°afﬁ%‘€ﬂé?at'8ﬁpr@§lfﬁna1{yh'€ Y&ingl e fiber
may be repl acedofbyr agpikdiishs Qingifatibitdh wﬁualspac@m&degsmlmmcbaéﬁgn la WO

2004/ 051705 PCTI US2 03/ 038040 . The present et are very inefficient with
approxi mat el y 76Q5idgraongmay frguirg 'ﬂﬁ‘tm"d%bﬁoﬁ'ﬁ%{'ﬂe 1?‘?F°§5‘r?e‘°€"’é‘§%§‘ et ultiple

fi ber systens, trbﬂs@eﬂeqml .uamlnla@omgiuqmm t he dark |nterst| tial spaces

between fibers in a _bundle and thte effici epm es of Bectl ng the light into
the fiber bundle. | ri™&SPRIFEIOPPHRPE e pecs Il ”&“‘?PH’Q?VémF‘F Bebeehaving a | arge

enough di anet er dévelopetisihi @ptidAPwaRELIdEs tduidel g ighneel @ ghi@burkytoght 11 ghting
appl i cations begomes too thi C}li‘faéd | oses the flexi bhl’ﬁfé‘ to be routed and

bent in small irpd illugipatiqn; ng %F’&‘Fi@ﬁ"@??ﬁ%ﬁ?e tigk§"ESsers as

sources, to takgghtaslivar agﬁst&foﬂll@ﬁilsﬁurfe@@ﬁ:ﬁﬂﬂﬂtcldsd:lgtﬁgetﬁu{t@tﬁmal%ﬁéﬁr | ow
di ver gence angl However

| aser, s s t c a s ngl e
wavel engt h out pﬁI(“méIB 1mswgrtlggs Hm?lft? ‘%ﬁ%%%?&%%ﬁcfv&t %‘T‘P rlqul res a
(rjrpre broadbﬁnd Paudig dph@ﬁhto&@lﬁgl&@pndibﬁavegﬁdwﬁkﬁas szu%e cBatpgﬁttcd@u&QQ 222 |
i scusses the u sin vel engt h. hi er di.odes to coupl e
Cheroy ot o whbesr i Sefrrud e s S Beiom B Bt om JE Sowtp U P

In yet another approach, the single fiber may be replaced by a bundle of individual

" optical fibers.
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to use as an illum nation source. The use of the specified | aser diodes,
with their 15 asymmetrical beam shape, requires the extensive use of optical
beam shaping elenments in order to achieve nore efficient coupling into the
optical fiQeymewedia8 sone |aser diodes are expensive p@ridédobd/agssi NCe t hey
require stringent tenperature control (e g , the need for usi ng

t her noel ectric cool egﬁé and t gﬁsl keé % tth heat enerate in
operation. In additi of PECOREENE PEEN "N 8t ﬁpé’é%éra%%ly SEqn 20 | ead
to problens in tiwlight geneafedtimemvahsesreln agdiptenfiiber Hisems ke loseminagbd or a

l'i ghting system V. iLpg a light
source. SUMVARY %ﬁ%ﬁiﬁ‘\l@g{m\ﬁgﬂp %Hﬁgﬁ:»%%égﬁ f"navbélhégl%gﬁr? @g%flﬁ?gm opa i ghting
or illunination (b!sstmgblhwllghl\/bmhc fgr paudh busingld fiber sylsempragingivtfibenvent i on

bl ural ity of 11 gArEanreofidiicld Rcablie #E BRLhAP pRAELER B 1 "0 2

i I'1um nation outlighting aplidatjbrsibagprmgs topltﬂltthnndéascsohe ﬁc}@nlamto beerbu;cdfmd to herein
as an illum nat 'h%{;hngrﬁ?(l*&ﬁ in accordance with the present invention
conprises a plurality o D di es, 30 a corresponding plurality of optical
wavegui des, each havSmgehzhts@nemtidg@semﬂbhvenwlaseraQWOﬁicpstotelwd being in

opti cal comruni j WER e 2004/ 051705
oeT] Us2069! 038048 ke gégﬁ@&&qﬁ@ gpﬂ%@%ph g%ﬁ %eﬁlié ‘%éﬁterposed

bet ween the M urlaset qoyrceswmemymr@scwgtwvelemgﬂemdri)lﬁrgwlferqasen ends of the
plurality of opt \éggm Rally rbqUirES SRtk {:0\4 g@gﬂ;gﬁ%&ughpllght
sources are i ndllhliﬁglhgm g/gsaoyrr ‘ﬂltlzr hi ps, % tgiser : E rcThem'\/vavegw des
may i ncl ude opt iegemnple,th&rRatenty; 299, @%d%ﬂs?ﬁﬁﬂri U@ of single wavelength gl poweThe fi r st

ends of the pl url?sL:f&Mdleto&%]bQﬁelrg m\s%w»éi&@twsemvxgmhmdmm Spp&Ea tted from

the |light sources. The second of lurality o p&tgl cal’” wavegui des
may be bundl ed df us&rapaq/éwwrwtwrbwmca Blcn'gq @ the sgmlﬁqdllvseml iVt te¥ur ce  when
i I'1um nat ed. sTheas)Q%étﬁé’dl b@aln‘?ﬁﬁ&t foqfiRY tHe REEMAR u NG Rk sh@linge! enent's, such

as an array 10 of input light-directing or concentrati r:’? el enent s, wherel n
each wavegui de fefemsnts "e?rdentgaqhwvaieééﬁcwetﬁwﬁwea?ﬂmpw fibest Algast one

light directing/gRReeadidkd ﬁgexp%s?v@%‘ﬁnlé@ﬂn&/@%?%qmlré Benghf @¥pdiwki ght
| Ca

di recting/ concent ratl ng elenments is in comunj cation with and
i nt er posed bet we€HTQ! Kes-L theresp &3 UpiRgIheTRselpffc,goolers, an the like) du 10 the heat

they generate in operation. In addition, a concentrated array of packaged LEDs can
20 lead to problems in the area of thermal management.
The need remains for a lighting system that can deliver high-intensity

illumination using a light source.

S Y OF THE INVENTION

The present invention relates to a lighting or illumination assembly. More
25  particularly, the present invention relates to a high coupling efficiency illumination
system including a plurality of light sources that can be arranged remotely from the
illumination output.
A lighting or illumination system, referred to herein as an illumination
device, in accordance with the present invention comprises a plurality of LED dies,
30 acorresponding plurality of optical waveguides, each having first and second ends,

each first end being in optical communication with the corresponding LED die, and



ends of the plurality of optical waveguides. 15 In an exenplary enbodi nent,
the array of optical elenments conprises an array of reflectors. These
reflectors can be shaped to preserve or maintain the snall etendue of the
LED die |i gfif2000¢51%8 and to substantially match this dtgaflgeeodRsdspe et endue
(which is proportional to the product of the core area and accept ance

angle) of the light receiving,fiber. The arra refl ect can be forned
in a 20 substrat® a@ye C%S%gm ?H“F%'lﬁlé?’e’ﬁbi"fc °df‘1°f"Yﬁ°? ﬁ?&fﬁm’i‘ﬂ’ metal | i zed

substrate or sheen 'ruagandﬁhecdnbépaﬁalwzamm‘mcqmuﬂayoﬁ‘cuprnt:zh SlaveROidpy. | se at

| east one output |ight- di ectr such as

col l ecting, or beam sh&I5TH &e‘f“é mcn?'qgcrq’ghﬁ’for“ggf e f"i%%@alffr%’f%g second ends
to form a singl echigs| atasmadiodesn 'EtmmaQdeIMamblpdﬁopﬁEal Fiberkytsudhi as ealymerg el enent s
rmy COITprI S€ ?n Jsalyca?'fber I gpe f%]'lﬁ] C(* glag urall ?%ﬂ w\a{\%glrngésr}ec%ﬁfch] Second end

is in optical cORtLnT catt on W cting e Cenent .
Al ternatively, tlight ghnttﬂcafromyhedfghmnfeguIl‘hhasccrmlymdsmfﬂmrp&ealaypﬂqpnall| ty of

optical fibers t I t rise fiber |enses
on each 30 secﬁ%‘l’eé %y@%un#%rba?rgtyga%#mg‘}S?Ar,gaﬁm?@ ers @Sﬁ%'rfarly, t he
first end of thewhqntﬂlmhatéd bers may further conprise a fiber lens. -3 WO
2004/ 051705 PCT/ US20Q3/ nati on

devi ce further incl ug% gétﬁ:gfelec%nnagp 8 Fﬁ%gﬁﬂ? %ﬁ%ﬁg elens&ﬁan hélsgrg%:ng

plurality of 1@ptaféedut light-digentidgsr, coeammtlhavlpmgits fwihergin eachdwayepudedirgnds, each

first ond of theaaeangdl tiahinlouflyi B LR bnd FUPANEAR oSl 1 oPT cal

communi cati on wit e 'second plura
exenpl ary errbodrqimlﬁtnt andh@m@nwie'mﬂbglmﬂlrﬁcnw@fmmwrmelnﬂmlnisns)mof opti cal

wavegui des ar e buel oG SRAMGpEREBeRler RELED BAL A LY O

opti cal wavegur rma sin um nati1 on source when
illumnated. Alnds ofdhd pletaity Ofbwlcsle@m&lldehds of the first plurality of

optical wavegui des agg%[} %‘gﬁgﬁg e'nﬂuorﬁm@ﬁtdﬁé a‘pdy%g#’ﬁ‘cgl gm;egg cgﬁgps pd,.ends of the

second plurality of wavegui des a ornmed 1n as hd bundl e to
f orm separ at e i | drgpriofegfleaters. o”ﬂtepwﬁecmrsrran bg ghapagdo giesarvetaschainain the sane or in

different di reCténﬁﬂ%tenJ&eo?%efL'ﬂbs&xe ﬂéﬁgsoﬁﬁﬁg&f’to sﬁlg%% ﬁ@%a%%h@&k‘ndﬂéwe

different em ssion spectra. 1In one particular rment, the emn ssion
spect rum of the tpithegtengpa (which isprefortiomghto the product of the core area and acceptance

- angle) of the light receiving fiber. The array of reflectors can be formed in a
20 substrate, such as a multilayer optical film (MOF) or a metallized substrate or
sheeting.

The illumination device may further comprise at least one output light-
directing element, such as a collimating, collecting, or beam shaping element that
directs light from the second ends to form a single illumination source. The output

25  light-directing elements may comprise an array of light-directing elements,
wherein each second end is in optical communication with at least one light-
directing element.

Alternatively, the plurality of waveguides may comprise a plurality of

' optical fibers and the output light-directing elements comprise fiber lenses on each
30 second end of the plurality of optical fibers. Similarly, the first end of the optical

fibers may further comprise a fiber lens.



dies is essentially white light, while the second plurality of LED dies

i ncludes an 15 infrared source. In another enbodinent, the two (or nore)
pluralities of LED dies include different colors to allow for the bl ending
non- whi t e ¢8l,8sss17dhe first and second pluralities of ddrdsdiBmdny be
illum nated i nél vidually or collectively to vary the intensity of the

i 11umination source. f\ggh!b 18p21 gg[gp st one

out put optical el emaI k{g')ri'gl?ddws"t ggﬁ?@xﬁ‘:@ggoup fe {nuglg?sgésgéogtﬁt put 1ight
fromthe second wvrdlityof LERdics prdsa secquil pluealifyraf opicabpaveguiflesvgaviebpvinges al ong a
first path and ags6a006lomd! rmyteaénmtsﬁdomrels@em@}ﬂu;awofl néapwegj ide¥ coupled to
direct output light fromthe 'second ends of secon lurafity of optical
wavegui des al ongbeinedeersival %W“‘°%W1@M|tm€®dwlﬁeoé@&¢1@d Ims a

headl i ght illym mtxwﬂ@eﬁibe&rhwme 2o Rnd\of HERGOhE :qlrahffoftd?%ﬁucmeh' cle or
platform In one exer’rgEl nbodi nent, the i nten5|? t he headl i ght beam
can be control | edavegui smﬁun@!ww@ the ﬁ?ﬁ?rldleé@ﬁ‘?ﬂhe fHﬁrPB’é#h%‘PfGIPEEIChl ps of the

array of light spiEgRaes &%%mgiph@n 1lﬁm-fn||aE§ﬁ sddlcehbh fimfaiedLED di es may be
illumnated for a | ow beam and first and/or a second plurality of LED

di es may be il | ubieseatiselyfths segondiepds of ths first plarality of ARjicRYavestdrsPSr y enbodi nent ,

the illum nati ongaysitif BFiesRBurléshdBE secERIEARY SteheABednl phuddiBforapiaer for, e.g.
collision detection, illunination, and/or telenetry _applications. 4 1n

anot her enbodd nevavesides are foumed it feeond duAlete formysepaspte l"r’f&‘l"lﬁél%&"“&’“é“econd

plurality of Lﬁpatdhle&edlﬁc[s@ﬁﬂmaﬁkuh@.laiffesenpciue@ﬂmscal fibers, each having
first and second ends_ wherein each  first end is jn optical conmunication

with an LED die of tH8s€dESAR 5Qua Aphtegrress “EEB’V&défg“e“éﬁH‘ss‘W‘é’ian the array
]9f 0|totl cal}I el errﬂlﬂtoﬁclapasudlumeﬁlmﬁdubweﬁﬁs@ﬁn eﬁmesmen&tﬂmamyrosmﬁgd of I_tE Be
irst and second plural. ers an e, correspondi ng

di e. The second gﬁd%“ﬁ‘?"“ﬁ“ﬁ?’ whi é@Bhgh'ﬁﬂtEﬁ»%gF? WIW‘%%QHEQ%\‘Fle?‘PH@Ea'ban be
bundl ed with heinﬁﬁaa)mimendsanee‘hertdamdunemmepiw(aﬂ théey) Ribralitep of KED dikd bers to
forma smglell Ed#fumntlon soyrce when illunm nated. Thefl st and

second plural |t r Prééc’@'é?ﬁfﬂa{%bmdf"ﬁé‘f‘"éﬁ’ e Rlers The Péktra. The

first plurality s%ﬂﬂ\d%ﬁﬁzﬂiﬁds of LIBIY diési rkdy bemuwggumﬂﬂauaq%r somegvéig® a first
plurality and asec egllur lity of optical fibers, wherein the second ends
of the first pluf§ FV“ FitythedlymipgtgRsUIcE o hundied in a first bundl e and

wherein the second emdameﬁantyhﬁe getéﬁmﬁhylabxuﬁr&lehtlyasoéneammp@lncaﬁ elbmeg are
bundled in a sec i I

emi ssion frofftH atf‘? ?pé‘fzﬂgl‘fﬁﬂﬁl%ﬂ? g'rﬁ??wgﬂﬁ ]}rlf’{“ilﬁﬁ %L‘é’g%%‘#fc?? “g:c ‘rrsgg: Ip(l')lf’] of
out put emi ssi on ghirality bheptis@canegubidnalbm.a fikipath ambostc siirdupat ot 1 1 | umi nati on
device element that is optically coupled to direct output light from the second ends of the
second plurality of optical waveguides along a second path.
Such embodiments may be applied as a headlight illumination system for
25 a.m automobile or other vehicle or platform. In one exemplary embodiment, the
- intensity of the headlight beam can be controlled by illuminating a particular
number of LED chips of the array of light sources. For example, a first plurality of
LED dies may be illuminated for a low beam and the first and/or a second plurality
of LED dies may be illuminated for a high beam. '
30 In another exemplary embodiment, the illumination system can further
comprise an infrared sensor for, e.g., collision detection, illumination, and/or

. telemetry applications.



may further conprise a third plurality of LED dies, and a third plurality of
optical fibers, each having first and second ends wherein each first end is
in optical comunication with an LED die of the third plurality of LED
dies. Preferably, the first plurality of LED dies emt red light, wherein
the second plurality of LED dies emt blue light, and wherein the third
plurality of LED dies emt green light. Preferably, an output em ssion from
the array of LED dies produce light at a selected color tenperature. -4a WO
2004/051705 PGl h&%@ Sh?rﬁ%%e J{&ﬁmﬁl%%& SUTRRE MchestaEoRS &ﬁx% ornvention is
not intended to describe each ustratea enbodi ment or eve | ement ati on
of the prERdis;iangend plomlity OTPlélcﬂllf@EIlS eachdring fiet @étsmon@@daérhmmm on t hat

foll ow m)ﬁ:%t a%ﬁs ih SHicéllrc'o%nﬁ%i%‘m&h%M an LES3R o?fh@@éibﬁ@ﬁﬁr’ﬁhtyﬁfﬁﬁb s, SCRI PTION
OF THE Fig. I's a perspective view of an illumnation systemin

accor danclé‘ W"e Hw amay of mfal Hesnanisdy interpesedibeesn 2 Gorrewandingfirstengyof the firgt g

si mpl i fi eghdGeRa$pIaRhilids @NGHtica Iflers YhdEaKe &bfrres%oﬁdufigLElﬁﬁlUr?l% se&Rl endd ofiRe
illum nation SYS'[ emin _accordance with enbod t he present

i nvent i onSeconi@ il ofpptical Abareqanpe b‘i?f”é@v‘”&'l‘ tha 5?98‘?"( %ﬁofd're férﬁ@lqrfl@mf sour ce and

reflector o;ﬁi‘dilfﬁ@&@to foin AGEEE mgmnmmmam BirceWRAdIERAteD fThE Rift ISR
i nvention

iS.a resenting the_ c Iot of reflector
poi nt's @E@h&%@”&lﬁogﬁs %@3‘?‘@&{ SAt Ais %‘é‘iaowe P'é‘ragﬁff“g %60y cr onet er
separati Oﬁlurab@]fomaggﬁlh@ chrEcBnﬁ)h&: Bfiret phdagity a&lfﬂaeﬁdoﬁcl plurhfty oF gptichl fibsrs,a |
cross-sectjonal side v e ratl ng el ement
in accor d¥AEE™ heceronten éh%%m% “rg?y %W@“i?ﬁ }éeésrﬂre e’%‘g@ﬁﬂ aof?fs’tcb f—‘f] ndga shows an
exanpl e swheglietheisgbid endcef thd saganﬁlpbﬂhtyedfdptlaambeﬁbresﬂmwwd ian sexamnlnéle,bundl e of
l'i ght receiyvin array of
i nt er connBEtES M% dggcnoﬁgfo"&%& e'%'ﬁm%% B Hétoputn g%%"égﬂ’tn Ciorrllcb el enent s
used in adlrdcdndmnfbutamuemmmyﬁ*bmmhasacondibmdlﬁedﬁns:anbmm’renmf tterthodhatentlevie t he
pr ese.nt Veﬁ%&heq omgi athlrﬁ rah??r SIEPRS; & %ttﬂl (flureilﬁ{]gf :ﬁvh?ayvﬁbe?sf eﬁk.t er nat ive

enbodi rren PCONMect or used Ion systemin
accor danchkavisg tfilnst arideieqzuné swis twhereimeadht firgend 1251 dﬂrgal cdr@murgcagiorswitipdni [filedie

T ustrat}on. Bfq QA SEMEb 4Y SiekUBYT QL add}furality of LED dies emit red light,

wherein the second plurality of LED dies emit blue light, and wherein the third plurality of LED
dies emit green light. Preferably, an output emission frotn the array of LED dies produce light at a

selected color temperature.
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si mul t aneous manufacture and term nation of cable assenblies. Fig. 13 is an
expl oded perspective view of a vehicle illumnation systemin accordance
wi th an enbodi nent of the present invention. Fig. 14 is an exanple

constructi g Rbagdifel tilayer, high density solid state p3fuddositdsspur ce.
Figs. 15 and 16 are exanpl e constructions of a phosphor encapsul ated LED

di'e. -5 WD 2004/ 0517 I%C;Ir'/ U82%03/H§8(1):4sgntmvennon ls&?mm}é %oldgsn s anenable to
various nodifications ang altermali Ve rorns, speciTics theres ave been
shown by way of eadaiﬂpduatednmbmndnawvngsmaimdemamh bf the pemCinvdgidn.i n detail. It

shoul d be under Slt’h%?%urcp%rc Jeﬁg&h@etsorh) AN Mo 'p%%lmﬂ% ly %Qm%ﬁf?]rt the

i nvention to the particu escrlbe ary, th
intention is to thesyembadimentsodi fi cati ons, equivalents, and alternatives
falling within the scope of the invention as defined by the appended cl ai ns.

DETAI LED DESGRI PTI ON OF THER i/ RPTION DRAWANGEUS optical fiber
l'ighting designs suffered fromhigh coupling Tosses and were therefore very

inefficient. An ill uFignhisi2@arsBSPEYeYiSY Pfanilbmawa? SAIFEEN RFoiapsferihrBs ent

i nvention provi dgbofiglentof ietpadddr divestioRi gher 1ight coupling efficiency.
Furthernore, the illum nat| on system of the present invention offers an

i ncoherent |ight out plt? tspatmplifipd %fBife‘&‘r“%%S‘Fﬁé‘eﬂﬁfrﬁhg%b%’é@\}’é‘? iBaM 31 si ng

froma single pqnmm%nlsysgdm in abdbraulel WithQn emBYBE 3F he pREBAEINERLS Of the
present invention show that an array of LED dies can pe_utilized to provide

a high densit%, 15 rEWD%léa?ﬁﬁ}‘(‘f\?“’d’ﬁaP?'Q?R°ftﬂﬁd{ghbso?ﬁrcﬁé“ddﬁf‘$%&rS‘é[fa""bne or nore

| ocations. Mor eqygdcordaﬁ%@’iﬁ|aaEMb&ﬁEB@{dbmr§seﬁ1fm\Ichﬁbrpr esent invention provide
an array of LED dies _that cap be utilized t O?e a hrd:%h density, renote
pe Febipgto

source of |ight that Ft8ahisEmle@resgitag bgryye s %t s, either

i ndi vi dual ly, oras@mgdn&oa@gigé Maxnﬂﬁm@iﬂﬁm&i’ar@ﬁraﬂdaB@ﬁl&i’drﬁ&i& seﬂaﬂutl&ddi tion, the
colors or col or ,conbi naibﬁ the source nmay be nmade 20 changeable to suit

particul ar requiFRYFERE rl?d? %% as conditions of use vary during

operation. Opher exemglarsycmab&dummc&vaemeofdhsmua&ﬁdnbﬂmgm Figure 1
illustrates an exen‘gl ar g{ﬁfl rst enbqdi rreg%? of .a.renpte system 100

in accordance wiPPCeARRIRRESHPRNICCHFaNC Rith g cmbodi "Ieﬂ\/(gﬁliepé%cm%‘g%ﬂof‘ay 102 of
bright LED dies 104 &igecauhows incanetlple Sinfplight sdeeiihg Gberand Figi dbhshewis @ar r ay  of

example bundle of light receiving fibers.
Fig. 7 is a partially exploded view of an array of interconnected LED dies
20 " and an array of optical concentrating elements used in an illumination system in
accordance with an embodiment of the present invention.

Figs. 8-11 are cross-sectional end views of alternative embodiments of an
optical connector used in an illumination system in accordance with the present
invention.

25 Fig. 12 is a simplified illustration of an assembling setup for the
. simultaneous manufacture and termination of cable assemblies.

Fig. 13 is an exploded perspective view of a vehicle illumination system in
accordance with an embodiment of the present invention.

Fig. 14 is an example construction of a multilayer, high density solid state

30 I light source.
' Figs. 15 and 16 are example constructions of a phosphor encapsulated LED
die.



25 optical elenents 110, which can include a plurality of passive optical
el ements, such as focusing lenses 112 or optical concentrating el enents,
such as reflectors 120 (see Fig. 2). The array of optical elenments 110 are

in turn optwE/hdysiddsi gned to an array of wavegui des 12g-pyiiy g&)oﬁﬁg i ncl ude
a plurality of optical waveguides, such as optical fibers 12 e array of

wavegui des 124 can b ecl oLl ze th Qpnect i on can
i ncl ude a connector %‘EPW‘“"VC“E&" Qme 6?%%%88%%‘“5%{%& (imsa llr“’re"(zzizell Vi ng ends of

fibers 122. The bomneetcidics thatmfchnvednen sibwo by way efdgaraple unlmka@mgs 480 to

support and/or ﬁé}% g%&g%cggﬁgé&ﬂ qp&ﬁulgfbe Ildd@l%(oﬁd %8%evel5§%‘i’¥siﬁ Hedntion 1@

2004/ 051705 PCTI connector struct'ures ar own In Figs. 8-11,
descri bed bel ow. noA liuitithd inyentioa frhe pasticutaperbpdinaintsglestirihed: YOrstké | | i n the art

given the pr e§en$ong§r? Ghd Pkbe vis foldBve? Hl%lflﬁ:ﬁiggss @Evatqu Jn'dgﬁé atllvgsz may be

bundled to forma source or a s rray, as a linear
array, circular &Hmaylth@rthe@t:mmf@hap’euwaﬁ@ﬁneCBbWh@amnda@clam is made out of
an array of discrete LEDs 104, such as an array of single LED dies or

chi ps, which are nounted bgﬁgmmmmm@pmm@gmnt el ectrical
connections for operational control er than an LED array where all the

LEDs are connected t &8RN BEHEys dgijc H%ﬁrﬂ'g@@&ﬁﬁﬁ‘ﬁn sHfrddmmbielr substrate).

LED di es can pr oghyflengaossssii@ivere @itkefdra drit i @idicRA A Nimind®nWténn e t hem
desirable |ight sources for the “Fr esent invention. LED dies efficient
3 RN o

at converting? el FEQHITEE B e PEIENE VENUGHProYAcs fafsubsrpfiallychig ature
sensitive as nDﬁilplh\%%ﬁICldﬁb}Od&&her?ﬁb&[ @é MuRinalidry6te 8 Sf B yreepChadniondequat el y
with only a m)de%ésrﬂneat Si nlE nﬁ?’ d to man}/ %/1 es of | aser diodes. In an
exenpl ary enbod? InGORerFR jigh O thal can appeay °é€5 Uman OBYEYet & AHBLE est
ngidghbor(S{Egydaﬁroﬁeaﬁglgbﬁntaafdglai gmaemgni eadnqilarybfaﬁbda?enk.ﬁmtﬁehﬁeswtdth I n .
addi tion I es can _be erate . tenperature m -4 125C an
can have oper at i BFPPT LPM L a7 W“P’ﬁgﬁlg%ﬁﬁ%ca& T@O’%Eﬁ?rﬂﬂﬂﬁ"sh‘g}h‘iﬁ“t‘fgmar ed to
most | aser dIlDdereinblfeebdrfﬂacﬁ'hglﬁtthlﬂehn]a@p@lﬁﬁl ahﬁmros nﬁfc 1h:ahag;eMoawvarmbl l e

headl anp |ifetines of

: Fot R BRI SoMECROD OF Mre, .
di es can each 20°%pa yzfﬁ’ 8?1?‘5'&? ?%rﬁsgl“t(} B‘I’o 2]
Di scret e hi gh- possibe hili2ed d)lpﬁ@zlchra&ughmy aerabtt yousoeaf lighn itheat éah@mdommanl es such
as Cree and Osram Iln Gl ecﬂg either r‘abv%‘ [Teo imal eougy t%];lc I‘rED di es
(manuf act ured by "E&FaIg) o BUEH ﬁé Aniradyaily. o smuftangousty: aloBe o ™¥D pm x 300
pm can be used lbeatipnso\n akdditen, the colors or color combinations of the source may be made
20 changeable to suit particular requirements of applications as conditions of use vary
" during operation. Other exemplary embodiments are discussed below.
Figure 1 illustrates an exemplary first embodiment of a remote lighting
“system 100 in accordance with an erabodiment of the present invention. An array
102 of bright LED dies 104 are positioned in optical alignment with an array of
25 ~ optical elements 110, which can include a plurality of passive optical elements,
such as focusing lenses 112 or optical concentrating elements, such as reflectors
120 (see Fig. 2). The array of optical elements 110 are in tum optically aligned to
an array of waveguides 124, which can include a plurality of optical waveguides,
such as optical fibers 122. The array of waveguides 124 can be connectorized,
30  where the connectorization can include a connector 132 to support and/or house
the light-receiving ends of fibers 122. The connectorization can also include a

connector 130 to support and/or house the output ends of fibers 122. Exemplary
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concentrated (small area, high power) light source. Oher light emtting
surface 25 shapes such as rectangul ar or other pol ygonal shapes can al so be
utilized. In addition, in alternative enbodiments, the em ssion |ayer of

t he LED di o sidd17@d can be | ocated on the top or bot p@.ﬁy@ In an
al ternative enbodi ment, the LED array may be repl aced %\Aﬁktggo VCSEL

array The passiyve o tical e nt a . d to . redirect that
30 light em ttecf°f"?°8% %%’c?ﬁre\?éggﬁo‘f"n'flygé‘ sél]).lr a%‘g%%"ﬁg’?‘ﬁaﬁ SBOFAPSS>  An aspect
of the ill ustr atapparenrimaliervé ntdinafy skillgn the ajtgwbrhlhe preent desaipdion, clerqugepondence

2004/ 051705 et IO BEirFs W PERROEH P RSk e BB n BT et ve

el ement), and a axmyrsegpsadiney arnavieyli gey, Woder geperaedy. each LED die 104
acts as an indivi dua?‘h%ér?;}algg%qﬁ%goﬁom}a a%p&@a US]SP 04| &éﬁasaancor respondi ng

fl exi bl e i ndiVvidual esen exenp nment includes
| ar ge-core (for amappiiegle YED digs erehipeOthighraye @%@Idymdtmllnm@aw ca fibers

(such as those | able from 3M
Conpany, St. EF& Jﬁ%& geﬁﬁl cgll;l.l%a&ﬁ‘g?";o151 fa? lég‘{]@ériu%{e]?atgg@ﬂgﬁﬁgg conventi onal
or speciali zed gqrrazyhf:rpl@@ﬂ@maalcs@e@ed fateﬁqh!ffz@dbﬂhelaemn@tance with the
enbodi ments of thgRp %PE%%&%@?” 19 Hies gﬁ%?dgqgcrhgsg%eﬁ‘légﬂa ﬁ{oﬂ%ﬁ&&{ S as,

e.g., the output wavel en the LE sour ces tion,
woul d be appdt ermaking thave destratde ighneouteessier the prghepbinvantien. plld3 disy are descri pt on

other wavegui de dyf atc%H‘Feﬁ: RAriedi @her HE 'ag@ﬁ'en&QLY branfPURGHEdES, or

2
the like, may al so be util @ In acco present teachings.
Optical fibers 1BmMmogggser @P@eﬁeThqf?f@"Fdd?é) 4@55@‘43( qperﬁgééeqyﬁtcbfa'cqh o8y at he out put

15 ends of the %dc&%hatfsini?@&ﬁ%areﬁ'tmnlalw thpes of ﬂ&r lﬂogé}t 10 ﬁpﬁbﬂﬁ%lﬁ'@ ends of the

optical fibers may each further conprise a ber 1ens | ens
manuf act ure and Gmbpigiepieash LER diedis ﬁ@%"érﬂl’%bf@"m HS wearrRiosishbERheRtda8 co- pendi ng

U S. Patent |3°\pde1§£chgﬂaatHQﬁanalaQ./E§ﬂdZe\Zﬁ&1 and 10/670, 630, incorporated by

ref erence herein, fart' cul ar enbodi nent of the present invention,
illustrated in Fig. 1rsa digignd L diesrar bs eperisdhiemaattarel fragetnto §23°G he

| npl enent ation %d@ébHaEPoﬂthM%ﬂfenﬂé&tlﬁ’ﬂi@trdn!@om@@b@ﬁﬂhrélﬁd dehphie@id bl e TECS
fiber to interconnect th t source _and headl anps. An aspect of this

enbodi ment is t HBeosgkesqr élogﬁllfceggpmrqu,q@ 19,¢00hqurs or halogen automobile headlamp
lifetimes of 500-1000 hours. In an exemplary embodiment, the LED dies can each

20 have an output intensity of about 50 Lumens or more. Discrete high-power LED
dies are commercially available from companies such as Cree and Osram. In one
exemplary embodiment, an array of LED dies (manufactured by Cree), each
having an emitting area of about 300 pm x 300 pm, can be used to provide a
concentrated (small area, high power) light source. Other light emitting surface

25  shapes such as rectangular or other polygonal shapes can also be utilized. In
addition, in alternative embodiments, the emission layer of the LED dies utilized
can be located on the top or bottom surface,

In an alternative embodiment, the LED array may be replaced with a white
VCSEL array. The passive optical element array 110 may be used to redirect that
30  light emitted from each VCSEL into a corresponding fiber 122.
An aspect of the illustrated embodiment of Fig. 1 is the one-to-one

correspondence between each light source, a corresponding passive optical element

-



LED light into the TECS fiber in a way that produces the required | um nance
and beampattern with a reduced nunber of LED sources. 25 As illustrated in
Figure 2, a shaped reflector 120 nay be added to each LED die 104 to

redi rect | ivghiooinwaamest he LED die 104 into a correspondi ngctiBfbsdaddse Whi Ch
can have an exenplary core dianmeter of about 600 mto 650 pm In an

exenpl ary enbodi t ref .des non-i magi ng
light <collectio an%‘:“a‘"gf% '{5 n%ﬁ or%hﬁvee?f’en %lcgﬂg{pon e 1i ght

recei ving fi ber swavgpuide3 OVhduggowedred, eﬁdhdﬂhhsloﬂzb@tsmayn individaa diglxfsoacerul ti | ayer

optical film(

available from3 ‘ u?rp&faég l:@ﬁgt@?%ﬁa‘&?ﬁﬁh%ﬁ%l%siﬁ Béﬁg'ghlgci %5%%3/ 038040
MN. Exanpl es of qvﬁlﬁglam@bgélnemanqlgdeulegg-pmbéfgr ¢xamglet 400/um 1o 100BimPat ent  Nos.
5,882, 774 ands 5, eir entirety.
Al ternativel y, & eccz:t ocrigﬂl%ﬁ[{emi@ﬁm?&x"{a&feéﬁg&?gthg%géo&?'wt Ié‘bshape in a
metallic or pl asWQ:S svadsble from 3dF Cerhpany. |Shé’a'éin1'€ﬂ%ogﬁeldymstoﬁolawﬂéibﬂéct| ve
material, Such qefs hickfin &l waamamglagsrﬁﬂeﬁfnlmgca s0\68 uffhleft i @Yfanad acks of
|norgan|cth|nf| ms. For exanple, an’Injecti nol ded astic 1ilm or
sheeting -may be ¥idrtheembopiaentsotthegeasent ln&wp@udegcnﬂ'@s ﬁ%wcﬁn@mwrs Amy be coated
with a suitable J@fth@&;t%dag,amn%{htﬁbﬂhefﬁ)dﬁ§&{ré£ed herein, the array of
reflectors can be orien beneat around, or above the LED dies. In

addi tion, therefl eclbadditiopasyoukpe Bparen tp aee efjordinagnskilhgiuso themessalt chi ng

material . Refer rieQ@iph&t bk Owdveglidefypes, shdh@s blafhrWatdbalded, pBgmer 122 are
collected together to provide rendte lighting at a distance fromthe

original |ight s¥ayegudss, qfﬂ‘ed‘ke peviaisear arlweqmaﬁq%me with{Be pEssar s 122 are
brought togethereichings.2 tight bundle in an output connector 130 that woul d

replace, e.g., the bulb or bulb filanent in a 15 spotlight or headlight
assenbly. A further QQEE‘RIF_BT’FW%fWCUEE#“@Fa@SHIcPW@PH?%g f el y that is

inplanted asf mﬁhbofrtmpﬁs@ma& Sl&llﬂ'@s&éﬂlﬁlﬂ(i‘ecbﬂn@ ch@BraRl dpticaPitte Ng and
co-owned application entitled "Soljd State L| %ht Device" (Atty. Docket No.

59349US002), i ncB#farihivehersomprise afidefdes o REPUsfPTdback to Figure 2, in

an exenpl ary enhg%leﬂﬁﬂﬁmorﬂs a@&rﬂ)e@ht@mefonly%oméd\/anhléapamgqys menutilized. In
some exenplary epbodi nents, the LE be coated, preferably on a

light-emitting stRPligaion Nesl§/347, Eﬁ‘o’é‘%@%ol’ﬁ%éPthCdsWéﬁfe‘%a%e hI&E- Ce phosphor .
The phosphor layer 1Qfe gaficldf enS&Himém oBMedeht ihVtaGs, URistrated in Fig. 13,

20  described in further detail below, is the implementation of an LED driven

automotive headlamp using flexible TECS fiber to interconnect the light source
and the headlamps. An aspect of this embodiment is the efficient coupling of the
LED light into the TECS fiber in a way that produces the required luminance and
beam pattern with a reduced number of LED sources.

25 As illustrated in Figure 2, a shaped reflector 120 may be added to each
LED die 104 to redirect light from the LED die 104 into a corresponding fiber 122,
which can have an exemplary core diameter of about 600 um to 650 um. In an
exemplary embodiment, the structure of each reflector provides non-imaging light
collection and distribution of the illumination to the light receiving fibers. The

30  shaped reflectors 120 may be made of a multilayer optical film (MOF), such as
Enhanced Specular Reflector (ESR) film available from 3M Company, St. Paul,



output of the LED die into "white" light. In an alternative enbodi nent, a
collection of red, blue, and green LED dies 25 can be selectively placed in
an array. The resulting emssion is collected by the array of fibers 122 so
that the | ix@oopiBiigsed fromthe output ends of the fibepsrigoosREiloPY an
observer as colored light or "white" |light, when bl ended together iIn
concert. As shownN.rExkingles & MOFRearp pamegalipdestribgdin deqn ibV.SrBatatt &ds.or f or med on

an 30 emtting e ED die e ry, e dj.ment of the
present inventi%ﬁ#i’i’j{(s‘i g é\%ﬂ@dﬁ”ﬁf(’g?mi‘%‘%@tr &°D %ér%%]ngip X‘Teg%té%ﬁm 06 can be
preci sely defined i n Algrdrely, ceflectostidhnpnbd fprmpdés he vpproppiatersbapadrea t he
degradation of t : . - . . 040 LED
di e surface em-sls?’lgtgﬁl?% %ls%(s: 3{;’5{7%%% sﬁ?ﬁ\qgg %193@%@%%&@%&%%%&%%833{% t he
6t endue of the asEDveli dumigumeormefiectve dudilayesstickeofdempanidthindilhadioor of two or
| ess. As shown i i q...15 5 | h@gﬁi f LED di e 504,
which is surface&r?glllﬁ%t%réﬁjg%t%gﬁc?rgggémﬁ%%Tn ofie g)?g?r(;p}ﬁgd the LED die 504
is a 5 blue or tYflesterchyities fenricd therpin mEbe cPited witthswitahleref4@ing mateiisles a
conductive surfageqf 1. Eb i JoT<N gr exanpl e,
ﬁgg rf%ébegggm ) cgjreﬁ "?,%E'P%‘%g?ﬁ%g ofiEH? | eﬁ&ﬁﬁﬁx%rnf

one or nore wdire ~can be’c roman electrical contact surface
541 of the substhose deLEDglrs. braddition thegellpcionenyitpmay be Sllpgowth apindete t op
surface of LED di g hinefideridll ternatively, a wirebond 545 nmay not be required
to be bonded to the 1Féop EO surface of the LED die. The ﬁhosphor | ayer 506

i s disposed on or nedicfesminehagltodiigurnie the@mlividual fiberld? arerdoti¢atsd tegsthees pondi ng
to its em ssion gyiditcGemdit likRing BOCGiSAnROHorh hﬁtoﬁgiﬁﬂ iighEdurcby B gal Iy em t

radi ation through nore than one surface. Layer 506 Can be forned to a

subst anti al | y unparégquir embaeditaens she fiksrs 12% armbroueht ggsttier ins agighiduadieinan150 n) 15

and cured (parti glghy c@nedtst 139 dhat Wéuid RpBceCX BMRE BEIY oLBINOHIRBRE 2 t he | ayer 506
can then be converted into a shape or sha‘?es_ by abl ation, die cutting or
ot her suitablt® tnodighsogheadlightassemplyi fdprher depaipbonieliag Likt-baset lightingat ch t he

shape of the LED,gihly @81 i Mhghhecd s b BAB repALnRINS b in M BSGRSHIZ I NG OF
oversi zing layer 506, or formng a shape different fromthe shape of the

A . . ha e . . - 39
LED di e emi ssi onPediding ardco-gyapd pRpligatiop patislad “Sofid GipisLight Devise {§®n array of LED
di es, the phosphpsckeay s 595@YSHE?) ifdorpRchedity @tébabe @Bovel he surface of each LED

die or, alter nativelyﬁ, t he phosphor | ayer can be part of a
eferring back to Figure 2, i1 an exemplary embodiment, a bare blue or

20 UV LED die can be utilized. In some exemplary embodiments, the LED die can
be coated, preferably on a light-emitting surface, with a phosphor layer 106, such
as YAG:Ce phosphor. The phosphor layer 106 can be used to convert the blue

* output of the LED die into “white” light.
In an alternative embodiment, a collection of red, blue, and green LED dies

25  can be selectively placed in an array. The resulting emission is collected by the
array of fibers 122 so that the light emitted from the output ends of the fibers is
seen by an observer as colored light or “white” light, when blended together in
concert.

As shown in Fig. 2, the phosphor layer can be mounted or formed on an

30 emitting surface of an LED die. In an exemplary embodiment of the present
invention, as shown in Fig. 15, the phosphor layer 506 can be precisely defined in

order to substantially preserve, or reduce the degradation of the étendue of the

9.



separate, coated filmof selectively patterned phosphor that is applied at
or near the surfaces of an array of LED dies. Additional phosphor
orientation is discussed further below and in a commonly pendi ng and

co-owned apg t06abd13 entitled 25 "Miltiple LED Source apgrieihasisdd’
Assenbl i ng Sanme" (Atty. Docket No. 59376US002), i ncorporated by ref erence

above. In an ex t
phosphor - | oade?ﬂm%lcg)éurgl antllsgﬁg ByeE%gn%F&%gle% é?ﬁﬁéﬁtr{]ﬂﬁé@& a UV cure
epoxy (such as ﬁthﬁﬁ%ﬁalsmﬂwrwn@%wfaw@f b’@‘@]ﬂ‘fsf"l zed. The

phosphor -1 oaded 30 engapsiiaBis. Fﬂaﬂpﬂﬁpmfa%r%bbysf&‘ineﬁ‘éhuwﬁﬂ In a
partially cured state, the phosph encadpsu ant will flow around the

wi rebond, encapsthigtis W@%@Owt@éﬁéhbf”%fﬁél‘* duperepgeipdbnlLER die§Adisghor and t he

wi rebond to tie gurdr wsuﬂfacetéﬂﬁmﬁg EED! frh@subs%gtc\é% &Q%é%ﬁ&im
PCT/ US2003/ 038040 hydr ophobi ¢ ehcapsul ant material is used, the reliability

of the electrica® a‘icrf?féhf‘cleﬁmé’él"mb%ﬂ? apanofgyicesse dFOr PRI 88 dReNCapsul ant

can be a | ow nodkdbsndsBs @Jn'b@'coﬂpﬁdmoﬂi dme?eemaﬂ\e&ﬁa%es&fawﬁlsofdﬂe to the
rising/falling temperature of the LED d Here, the coefficient of thernal

expansi on ( CTE) W?ﬂ‘&t‘%ﬁ‘eﬁ’éﬂ%é?‘?“@ prgis §4q_4§B°WF§'“ thstten susfree A 4EPKEE phosphor

material can be mm&aﬂ@tve@ DVirsdhd158 m#Y b TRIIE: @be BBSdel &the topf t he
phosphor encapsul i’gfm I(%(%cured an additional adhesive |ayer (having

about the sant t# E‘l?r?é e wirebond) can be disposed on the surface of

the LED die. For exaﬂ'ﬂéﬁxosﬁlbﬂa?ados1s@ﬂ9&se&@lh&$xbﬂtan kdy 6f th¢ BEDRAR fornmed on the
10 LED di e surface b ggFQOSI tign or p-.coati ng_techni gues Thus, the
addi ti onal adhe%‘P ‘Fl F‘cs(l?ﬁ?fmlﬁéol}f?'f“issi@c?“ffﬂfeeﬁd% peesepd heHERfitehond and

”;ﬁ phOSI)thor ] ﬁﬁmlWe?lﬂtradﬁ&’an Beough E%%dganmnymﬁcé r]ﬂ?er@@ﬂf:zlﬁlﬂic féﬁﬁcadt hﬁ )

adhesive) with the surfa ie wel | - i ned phosphor

| ayer construct i'BASgsREn yﬂ‘é‘%ﬂ"’t“ﬂ“%“ﬁ?ﬁ%’?ﬁ’ﬁ’("r%" g’é’rk’%q?(;]%m%tendue of

the |ight ennsttldagcw tpameupcirfmt}e hmswemplmmuobm&nemm@kesoache area of the
area of the

i Ghe—eni t 11 ng SOFTRCEMeHE ni PG AT <ropta bf AR e G OB | ayer
can be controll &Ebhhﬂua vﬁmlmlada{aesmmu&fonbmmmatasthb bteppbROLED dieayer has an
i ncreased thickness, ht emtted fromt si.des of the
Phosphor 201 ay GPSHT TR SUER el ST o EorBF WEE ArTFESnd col or
uni form ty par arsiperdifferent from the shape of the LED die emission surface, may be utilized.
20- “When utilizing an array of LED dies, the phosphor layer may be formed directly on
the surface of each LED die or, alternatively, the phosphor layer can be part of a
separate, coated film of selectively patterned phosphor that is applied at or near the
surfaces of an array of LED dies. Additional phosphor orientation is discussed
further below and in a commonly pending and co-owned application entitled
25 “Multiple LED Source and Method for Assembling Same™ (Atty. Docket No,
59376US002), incorporated by reference above.,
In an exemplary embodiment, phosphor layer 506 is formed as a phosphor-
loaded encapsulant. For example, a YAG:Ce phosphor and a UV cure epoxy (such
as a Norland NOA81 UV cure epoxy) can be utilized. The phosphor-loaded
30 éncapsulant can be partially or fully cured. In a partially cured state, the phosphor
‘encapsulant will flow around the wirebond, encapsulating the wirebond and

adhering both the phosphor and the wirebond to the surface of the die. If a
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can be used to determ ne proper phosphor |ayer thickness for particular
applications. In an alternative enbodi nent, shown in Fig. 16, the shape of

t he phosphor |ayer can be further defined to substantially preserve the

et endue of wohmoddsDrdi e 25 source. Here, LED die 504 ispefuplosshskfpsubstrate
540, including contact surface 541, via w rebond 545. A phosphor | ayer 506

is formed on theyhicghdiciRbddshii mafHbififeea, Qtfe rbifabhie} &F thOdeclital S descri bed
above. In addltlon further ablation or dicing techniques nay be used to

form angl ed sur fiieEenISErTaR be impeoverth oRis RBPsPhorpRqapsubmbean ¥ a ot Bpdultsy back t o

Fig. 2, arefl ecrménal%qmﬁﬁ\rﬂzmvame&t@d&wmkﬁs;hg/ﬂimng&éﬂlﬁe}:@ﬁe of thom the LED
di e 104 into fiher Al so he refl ector can be

formed so that itERRGF Heredhe ‘EP\‘?@F“"E“]‘F@"]?E@‘6?@“s‘%qrEéF“sW§’hl gfites™ tBheni ng 123

provides -1 V\Qﬁiﬁ)&léhﬁﬁﬂmd REPhddpRD AdleARGAH B compehsae@by kchar ound t he
peri neter of the P ie 104 Alternative reflector designs include the
addi tional use JETAMEYS EGARSPBY- coating on the substrate on which the LED

die isI SUpportgd. glll'fﬁﬁe Iﬁlﬂgﬂheﬂéned’psﬂﬁﬁhsgﬁﬁy e, dﬂ@ﬁfabh@d?negvdﬁy?:l in the ]
commonly owne nd co- pendi n ent ion eptitled "Reflective Light
Coupler 5 (At yFviasapaR tRpame s RaBE P PR CRMRPRCR e SRee

i ncor por at ed by df efediBENdIE Fo&bmﬁﬁ)le,ﬂﬁaddimﬁlaﬂﬁéswaweﬁanﬁé fdnlﬁecﬁoraﬁﬁl cal system
i s the shape of e sur ce 121 0 refI cto 1 he refl ector
120 can be fb"me‘gibg‘)e?ﬁaé%{’x%ﬂﬁ°~“’“}?8|°a H@""W’Féeﬁ&?‘% 5 ad%fﬂ EJor eplication,
st anpi ng, punchiaﬂgesae1a$«&dahe£ﬁmfzetrmeﬁcgpsuﬁlmahewbsiommﬁthmp}wtphﬁh the reflector
120 can be forned n r art o fl tors) can

i ncl ude a vari etcﬁcaé’fm?{gf@r% é’?(aée‘ﬂ“éﬁ‘ p ﬁ%‘faﬁ{(wa% dﬁ?%vﬁfggﬁ& Slf‘rﬁ‘f?arl al, or
MOF. The subst r aif ereriiDedie.al used to formthe reflector 120 can be coated
with a reflective co hed rease its
reflectivity. 15 Thezi,'é"f'napée "3?1%%36&;%“%?@8@&“% “S%é‘g iaftlb% ugerag%si gned to
convert the |ssotsnh1;|mnuallyq:|nsexsremaefend1mof thehgtEE-)ndungsurfmldﬂdicm@Daiie In

phosphor - coat e'd ED di .09 A accept ance angl e

m,t {..t
criteria of the 'Se p?deglgﬂleflﬁ ?%e?horl%ye“wome?ﬁ%ab hggl('arsamfe us” preserving
t he power densi tayea@iftlt:hghtl-emghhg amfiatd, dniaddttmm thérehickiefSs olfi thsphosgbacleyarhe | i ght

emtted by the LED Al Qrbfeatoh LAGHE SndiAPode GHL LGRS Sisihbr ks nheful ector
increased thickness, the amount of light emitted from the sides of the phosphor
20 layer will increase. In addition, color temperature and color uniformity parameters
" can be used to determine proper phosphor layer thickness for particular
_ applications.
In an alternative embodiment, shown in Fig. 16, the shape of the phosphor
' layer can be further defined to substantially preserve the étendue of the LED die
25  source. Here, LED die 504 is coupled to substrate 540, including contact surface
"541, via wirebond 545. A phosphor layer 506 is formed on the light-emitting
surface of LED die 504 as is described above. In addition, further ablation or
dicing techniques may be used to form angled surfaces 507 on the phosphor layer
506.
30 Referring back to Fig. 2, a reflector 120 can be used to couple light emitted
from the LED die 104 into fiber 122. Also, as shown in Fig. 2, the reflector can be

.~ formed so that it can slide over the LED die, so that its lower opening 123 provides
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20 into the light receiving fiber, the fiber(s) can be used to transport the
light to a distant location with |low optical |loss by total internal
reflection. However, the |I|ight receiving fibers do not only serve to
transport k@kb40d1saddi tion, in accordance wth enbodpgBptfoizsddpe Present
invention, by translating the fibers fromthe w der spacing of the LED die
array to a rightglios Rloh (¥ pehibRkt S5 LEVGE 168 ﬂ&n@aﬁwbﬁh&m Aeded 11 ber
bundle, light fromthe wdely dispersed LED array can be effectively
concentrat ed i ntiscledehy dddisigagl psenf a gefleptive goatingan hp syhstate erewhighthe LEPhe

exenpl ary TECS 1didgkuspBfiéy. Wtber tdfReleH e g aRVdedGibt®in QAR M8cdnllfonly ght beans
energing fromthe bundl ed ends, due to the Nunerical Aperture (NA) of the

fibers at the ityat aedre-readipgpatenpappligpiionentifen “Reflectivabiggesuplebed herein, the
l'ight receiVving @8y fHRRENDSF1RP0S000] fIkY conireril, i ihétEpdatel haping, as
well as light _transportation. -12 W 2004/051705 PCTI US2003/ 038040 The

dt endue, a, my PBavecal cul at ed usi ng the formula e=A*0=1r*A*si n 20=) r * A* NA2
where 0 is the solidaangib&iaaf asfitt SIhiOGptRLl sptreRRNGRe(Of he$éREMBGI ans); 5 A

is the area of the regeiver or ter, 6 IS the em ssion or acceptance

angl e, and NA i%ﬁf%égﬁlﬁﬁ'ﬁﬂ?céoéllg%fﬂc%@ llggr‘:a YefRed by dueeif ng an NA of
0.48 and a 600 mhadingRiagsferrdding] inddrBreglication] fhpifg benchiner 8t endue that can be
received and trapsmited by the fiber is abeglgt 10 0.2 gt]n'z ste_raFi ans (sr).
It is al so afSurBd™PIREM g uRiiate A vRich tp redlgripral R cigt befArmeg isivaylady y LED di e
i's about 300 pm otasSpHd ¢¥ah aedy BIRE I dan aRfidé Hddrietyl o ma®XialPlcht aé AphieENt at i ons
with the phosphoE, tae LED die QagFa,gnea ly isotro ich r banﬁerti an
intensity distriBEPPBASIC Rk AMAE h L subsige makyialge ‘83?%‘ e reflffl” 6t endue of
the LED die is al0uin  d8tedrwih 5 feflectinelSoatitigddrisinphppoliahdd ik Bided th glteaser om t he 15
LED di e may be col Ifgegted by the fiber, a very large percentage of light (50

% or greater) BRME Y8 | ected and transnitted by the |light receiving fiber
utilizing the refl eChoshapaofftieoefladessugfaceal?d isodesigmddad camverds Gsobirdpid herein. As

ti d ab , 1N, 4 di t .wh h h I [ d
o conver t i he U QIEDOR P el Pare § PGS FE SROCHBFo F BPBIRE: 26 anal or

will meet the acceptance angle criteria of the light receiving fiber, e.g., a TECS

fiber, thus preserving the power density of the light emitted from the LED dies.

Once the light emitted by the LED die is collected and redirected by the reflector
20  into the light receiving fiber, the fiber(s) can be used to transport the light to a

distant location with low optical loss by total internal reflection. However, the

- light receiving fibers do not only serve to transport light. In addition, in
accordance with embodiments of the present invention, by translating the fibers
" from the wider spacing of the LED die array to a tighter spacing or spacings, such

25 - as a tight packed fiber bundle, light from the widely dispersed LED array can be

effectively concentrated into a very small area. Also, the optical design of the

exemplary TECS fiber core and cladding provide for shaping the light beams

emerging from the bundled ends, due to the Numerical Aperture (NA) of the fibers

at the input end as well as the output end. As described herein, the light receiving
30  fibers perform light concentrating and beam shaping, as well as light

transportation.



20 thickness can be limted in order to preserve the tendue of the emtting
surface of the LED die. Inproving or optimzing the reflector shape can
i ncrease or even maximze the light transfer into the fiber. The general

geonetry f ero mpimsivesi ng the reflector shape for a di Stﬁtﬁggﬁﬁyd:,h(ght source
with nearly Lambertian emi ssion is shown in 25 Figure 3, which is a detail

of the reflector surfmggmgd%g f %e@aﬁk‘lﬁt@d@m B@foﬁﬁ'ﬂge and coordi nate a_><| S

nonencl at ure added. e genera geonetry |n I gure shows that for a given
point on the nmirror surface the.ddaht. frpPdhe. kERqdie strikes the mirror
surface at an arrival angle B;. Further, this point on the mrror is

| ocated at (x,y) and“®¢™®this point the mnor 30 nmakes an angle of 4j
relative o the B GAlmellsr SRblRG REbRRA koI M 0T surface can
then be shown to be at an angle 0, = entrance angle -13 WO
20041051705 PtT/@SM?MM@WW&W& to the vertical which will be the
entrance angl e gy helehssioh BELccepldne dng@hdning constraints as inposed by the
fiber and the LED in this _exanple are: 1. LED phosphor source size: 300

mi crometer di angYfs ‘h%N?me"LOE’D?‘RS’FFB@phor eni ssion angles: +/-80 3. TECS fi ber

size: 600 micrometer F6Mx@rn§lbad§§|h@ﬂgANAT(E@StSfah@EBO(ﬁGQ&%c?d? Rige®r NA 0.48 =
entrance anglemi‘/-287 Sonme assunptions may be made to sinp Ilfu}/the
anal ysis at so béS(??é‘?\é@é‘eﬂfl“edg‘ﬁé‘?“h‘?elr‘fcﬁ“’edl@dlﬁaﬁ‘ﬁ"t‘ﬁqdi byike fofer skt o1 | owi ng

anal ysis areio TPmifkteragiahy €6, BisZaBolasiubad thtQ M hHneemisén dubfadeSf £Ct angul ar,
not circular as. in this _npdel he ac%ual soyrce si,ze is a square 300

mcrometers by <3ep! W&E&ﬂ?lﬁ;r"“gomgw}ﬁ %'&%Iggoqoﬁt'j‘h?a‘@rfw’t"t“éd fromthe part

of the LED die ngah stmﬁlbt@emallénsr»ﬁfﬂ tBEHREphbS thﬁwtﬁﬁé mlan&h@ iapiy &l S
assunptions are: enters) the fiber at

i S reflectedlntoéo g t
an angl e | ess trlré‘ﬁ’lBe ﬁ%‘“&@é‘@’ﬂ‘%‘ﬁtﬁ'@mﬁn’bﬁs‘é{“% ["’i 2 ﬁégeﬁ“’ﬁé nstraint on
the reflected étendue of the LED die is about 0.28 mm? sr. Thus, while not all the light from the

15 LED die may be collected by the fiber, a very large percentage of light (50 % or
greater) can be collected and transmitted by the light receiving fiber utilizing the
reflector surface design and orientation described herein.

As mentioned above, in an exemplary embodiment where a phosphor layer
is used to convert the light output to “white” light, the phosphor layer size and/or

20 . thickness can be limited in order to preserve the étendue of the emitting surface of
the LED die.

Improving or optimizing the reflector shape can increase or even maximize
the light transfer into the fiber. The general geometry for optimizing the reflector
shape for a distributed light source with nearly Lambertian emission is shown in

25  Figure 3, which is a detail of the reflector surface 121 from Figure 2 with angle and
coordinate axis nomenclature added.

The general geometry in Figure 3 shows that for a given point on the mirror
surface the light from the LED die strikes the mirror surface at an arrival angle 6;.
F_urther, this point on the mirror is located at (x,y) and at this point the mirror

30  makes an angle of ¢; relative to the vertical. The reflected beam from the mirror
surface can then be shown to be at an angle of

6, —2*¢,= entrance angle
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beamis that 10,-202<-28.7'. 20 The light em ssion angle fromthe
LEDY phosphor is nearly isotropic and so may vary fromO to 80 half-angle
fromthe vertical. The 80 maxinmumangle is used to establish the (x,y)

coor di nat esy@oodg7dsi rst  analysis point. Em ssion angpepusResHeskilgn 28. 7
are presunmed to directly enter the fiber. 25 The configuration is

rotational |y synrebitivé © theseetichl whitrawillda sheahmmnes) anglefmo thelfibeanal ysi s, the
| owest point on the rﬁlf Il.e tor cury

i S as d.to at . i.nci dent angl e
controlled by the maxitifm angP% ("')lf‘%émmé’gf%ﬁ’gﬁlgé%?@ggi‘ﬁ.mfi'ﬂiﬂ?s's assunpt i on
t hen defines, foexampleakaie of x, the y or location of the reflector wth
orientation 4i. For ' . reflect i start 30
m cronmeters 30 to t1h€eL H%Logphgtgotutcg%ﬁ{‘:b 104 ?élogglérgog’régepgﬁgf{%g (x, y) location
of the first poi nt 2od-RD¥phosphef ¢raistienranglss:cal ¢4808t ed to be 330 * tan(90 - 80)
or 58 mcrometers. 3- 1402004/ 051705 PCTI U&%ﬂﬂéfo%%@é&%d%&@r the y location

of the reflector point 1s known, the mninumangle to the nearest point on
t he LED/ phosphor cén THEESEHetaseentange anglet an- ' Nfv0.48 S@@pnce angle 428119 t he X

coor dinate System st 3k oBlmblighs by biRe. UBBIQmI IR GERSUAPALAUND, i1

this exanple) LED, 300 m croheters” away. e reffection point at y = 58
5 . microneters, ofigeperdfitni num emi ssion angle is 27.3. Wth the nini mum and

maxi mum em sspon anglesiQionS&H thd ol Eifle ara Agaxi mum and mi ni num refl ector
angle 4i can Be cal Cl}l at eo(lmsucﬁ tol‘ﬂ%g %%eﬂﬁé?l ected ray would enter the
fi ber using Equation®* THredullénurdeisize ts noessidegddnas it cogtangula@onet ¢irpylangs t he

exanpl e, the reflector gnglRofin ehRWERN2 NGl oAy, 10 25. 7.

The reflector shape then nmay nunerically estimated by repeati'ng this
cal cul ati on for various30@mgjtremetersss t han t he maxi num of 80 degrees. In Table

1, the angle is decr.eaﬁﬁgg%gﬁﬁgﬂgggﬁgg@qgﬁee@%%ei%ﬁd}gne%&%t ance angle

of the fiber, about 29. val ues tor the
reflector, the increnemefigctaresfiegletted. angl e generated by this approach can

t hen be estinmated fr%%ﬁ]agys%%g&h)pg&%}éati ve (difference) of the two (x, y)
ed (X, YyJ po

pairs nearest the selec int. In the exanple for the maxi nrum 80
angl e, the initial reflldghtisreflexddanto éor difecBy enters) the fiber at an angle less than

the acceptance angle of + 28.7°. Thus the constraint on the reflected

beam is that |6, - 2¢,|< 28.7°.

20 o The light emission angle from the LED/phosphor is nearly isotropic and
so may vary from 0° to 80° half-angle from the vertical. The 80°
maximum angle is used to establish the (x,y) coordinates of the first
analysis point.

« Emission angles less than 28.7° are presutned to directly enter the fiber.

25 * The configuration is rotationally symmetric (see Limitations above).

For the analysis, the lowest point on the reflector curve is assumed to be at
an incident angle controlled by the maximum angle of emission8, =%0-80=10°.
This assumption then defines, for a value of x, the y or location of the reflector
with orientation ¢. For example if the reflector is assumed to start 30 micrometers

30  to the right of the LED 104 in Figure 2, the (x, y) location of the first point on the

g reflector is calculated to be 330 * tan(90 — 80) or 58 micrometers,
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Fromthe plot, the polynom al regression fit for the curve generated by this
20 approach is y = BE-06x4 - 0.0068x3 + 3.6183x2 - 859.5x + 76443 (R2 = 1.0)
where, as shown in Figure 3, the coordinate systemorigin is at the |left

edge of th@oz(,@;‘ogp,@?d round) LED. Table |I bel ow shows exanmgs:esosdosl ati ons
for a maxi num em ssion angle of 80 degrees and a separation of 30

m croneters fromthe mgtegflodatien dfkHia réflectoboint 26k e ah®miditiem aedfid wct or . From
Table 1, the calculated G values for the actual curve are calculated in the

last column of t ihentadt poiloh .l EDn@EphEdat 68 caldubicdad esh-icn—2bolyd if the
actual reflector WI|| reflect t he LEDllght into the fiber—¥AH in italics if

some of the LED | I.I'I%YHC rgln%tﬁl;)lfs ﬁht&s%ur CSF I’@% Ptﬁepﬂf%l?n%&BOangl e of the

fiber. The cal cusfs ns s e exCcep bl of the
mrror surface, inhkis8mpin) LEDmmlnghbmem alyay. rRef theodfbchanpbmt stlye- §8i ber. Figure

4 is a plot o h f ef Q7RI nts as outlined in the text
assumng an 8 @‘“" ‘°r¥ax*|§”%ﬁ1%‘é‘ﬁ‘1°‘m£ °“g§'§*§ '2004/ 051705 PCTI US2003/ 038040

angle and a 30 m crormttlememﬁmumtand)mmbmtnmmtssxbinmgleEﬂ alvdlatedghe ef | ect or. Thi s
figure shows three representatio based the circ r he center
Y plot represenf® ’F’H&ﬁﬁ?%ﬁ‘i“l%@ﬁ%%ﬁ 5P bf ‘éalcf“k‘!‘éfﬁnsl’%blﬁ?é}fﬁ %t{]ecﬁg the LED
die to a nearest raga@eld ehdaethelﬁs@mﬂag E:iﬁaﬁ@plrﬁlﬂmtf&stbbk&trﬂiBMbmﬂn circunscri bed
circle from 5 the cent 0 or th ypom al (center
Y) is a pol ynoni 5Prtopipet Fx”t“i‘Pé ?@ t°§a“§§t°3“€{?ﬂ dlé’t“ &ﬂu 0”6 or der

pol ynom al igoan2gxact fit, a 2d order polynomal has a RZ = 0.997. At

I t t hod t ke th f th fa I
retect 11 ght nto t N RbHr ABRF gt s ST B e

di sconti nuous, f ailculaliOn fx eariphieanglEr kessdart themaniget: ofl @Dddgtees. dmsrhmess porti on
si mply vertlcal n 4 max Q|

0.
80 330 58.2 27. 3‘(*“"6 gkégw?eaﬁ%s‘{ °“°zg{“'%§§é“° Eegg(ﬂ%‘hﬁmip“fg%%“g%"?] %) 78 334
71.0 25.6 -1.5 2fibef, ab6ut@9°.77 336 77.6 24.9 -1.9 24.2 16.6 76 338 84.3 24.3

-2.2 23.7 16'1? With the array of (x, y) values for the reflector, the incremental reflector
angle generated by this approach can then be estimated from the local derivative
(difference) of the two (x, y) pairs nearest the selected (x, y) point. In the example
for the maximum 80° angle, the initial reflector angle is 17.5°.
From the plot, the polynomial regression fit for the curve generated by this
20  approach is y = SE-06x* - 0.0068x> + 3.6183x” - 859.5x + 76443 (R* = 1.0) where,
- as shown in Figure 3, the coordinate system origin is at the left edge of the
| (assumed round) LED.
' Table 1 below shows example calculations for a maximum emission angle
of 80 degrees and a separation of 30 micrometers from the edge of the LED to the
25  edge of the reflector. From Table 1, the calculated ¢; values for the actual curve
are calculated in the last column of the table below. These values are coded in
bold if the actual reflector will reflect the LED light into the fiber and in italics if
some of the LED light will be reflected outside the acceptance angle of the fiber.
The calculations show that with the exception of the top of the mirror surface, the
30 emitted light can be reflected into the fiber. Figure 4 is a plot of the curve shape of

reflector points as outlined in the text assuming an 80 degree maximum emission
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75 340 91.1 23.7 -2.5 23.2 16.0 74 342 98.1 23.2 -2.8 22.7 15.7 73 344
105.2 22.7 -3.0 22.2 15.4 72 346 112.4 22.3 -3.2 21.7 15.1 71 348 119.8
21.8 -3.4 21.2 14.8 70 350 127.4 21.4 -3.6 20.7 14.5 69 352 135.1 21.0

-3.8 20.2

Wo 04/6370854 143.0 20.7 -4.0 19.7 13.9 67 35fcibdrodsdSed -4 2
18. 2

19.2 13.6 66 358 159.4 20.0 -4.3 18.7 13.3 65 360 167.9 19.7 -4.5

13.0 64 362 176
366 194.6 18.7

"l 430 ity ferby o i LDk fyfsi.

T

J7.2 12.3 62
60 370

213.6 18.1 -5. 3 figregshpws threegepraygmatippsbageditire greulgr dje mgded. The centes¥plRY4 233, 7

17.6 -5.6 14.7 %Qgésené?hér?ﬁ n%.%ns%nwdércre%& Mce%w#&tﬁe@dé@a?% 017.0
382°27/.5 16.5 -6.1 12.7

9.6 53 384 289.upatpstegge, eﬂezlmgzlaiz‘fgepseselaszﬂle@exl@em Cecwcgbed@ﬂﬂle from7 9.0 -16
ol@ntgﬂnﬁ’l fitp max Qi

-5.8 13.7 10.2 5

380

51 388 314.2 15.6 -6 .
340.8 15.1 -6.8 qfchczcestpll‘f dats !!Igtatf@s\abl@ atl] ogder pplynogniat lsﬁnsxacaﬁt 3@

WO 2004/ 051705 P&, éé&%@@@ﬁé&é%@ﬂ&memd mag&gnaﬁum é&h@ ﬁ%%

7.1 9.2 7.6

10

order polynomial has a R = 0.997.

49 392
369.3 14.6

At least one method to make the upper portion of the mirror surface also

reflect light into the fiber would be to make the curve piecewise discontinuous, for

example, making the upper 400 micrometers portion simply vertical (¢; = 0)

Max
angle

80
79
78
77
76
75
74
73
72
71
70
69
68
67
66
65
64
63
62
61
60
39
58
57
56
55
54
33
52

X

330
332
334
336
338
340
342
344
346
348
350
352
354
356
358
360
362
364
366
368
370
372
374
376
378
380
382
384
386

y

58.2
64.5
71.0
71.6
84.3
91.1
98.1
105.2
112.4
119.8
127.4
135.1
143.0
151.1
159.4
167.9
176.6
185.5
194.6
204.0
213.6
2235
233.7
2442
255.0
266.1
2771.5
289.4
301.6

Table 1

min angle ¢ min

273
264
25.6
249
243
237
23.2
227
223
21.8
214
210
20.7
20.3
200
19.7
19.3
1.0
18.7
184
18.1
17.9
17.6
17.3
17.0
16.7
16.5
16.2
159

-16-

-0.7
-1.2
-1.5
-1.9
22
-2.5
-2.8
-3.0
-3.2
-34
-3.6
-3.8
-4.0
4.2
-4.3
-4.5
-4.7
-4.8
-3.0
-5.1
-5.3
-5.4
-5.6
-5.7
-5.8
-6.0
-6.1
-6.2
-6.4

¢ max

257
252
24.7
242
23.7
232
22.7
222
21.7
212
20.7
20.2
19.7
19.2
18.7
18.2
17.7
17.2
16.7
16.2
15.7
15.2
14.7
14.2
13.7
13.2
12.7
12.2
11.7

;
17.5
17.2
16.9
16.6
16.3
16.0
15.7
154
15.1
14.8
14.5
14.2
13.9
13.6
133
13.0
12.7
12.3
120
11.7
1.4
11.1
10.8
10.5
10.2
9.9
9.6

9.3

9.0



46 398 384.3 14.3 -7.2 8.7 7.3 45 400 400.0 14.0 -7.3 8.2 7.0 44 402 416.3
13.8 -7.5 7.7 6.7 43 404 433.2 13.5 -7.6 7.2 6.5 42 406 450.9 13.2 -7.7
6.7 6.2 41 408 469.4 13.0 -7.9 6.2 5.9 40 410 488.6 12.7 -8.0 5.7 5.7 39
412 508.8 W fhoads190s5. 2 5.4 38 414 529.9 12.1 -8.3 4. 7pbridsz083f0sdoe 552. 1
11.9 -8.4 4.2 4.9 36 418 575.3 11.6 -8.5 3.7 4.7 35 420 599.8 11.3 -8.7
3.2 4.4 34 422 625.6 Mdx 0 -8.8 2.7 4.2 33 424 652.9 10.8 -9.0 2.2 4.0 32
426 681.7 10.5 -9.1 ladgid. 7 Bl 428y 71%iBankft- 2 md. 2 ¢lmax 3. 5¢; 30 430 744.8
9.9 -9.4 0.7 3.3 294?7792?39' 1295 3.1 28411 816,2 9.3 -9.7 -0.3
The above reflector degfgns & b ob Ie@é ted?ﬁ‘?p an gafray pattern in a
nunber of different i gemen @Zti o] 0' For15é arrpl_ﬁé8 Fié e 7 ows an exanpl e
array of LED die sourcgs 104;5.cou sga toMe'gect régal ijifercajihect means 142,

which 5 can be disposeg,on azgd rculh sl aygfe 14’%ﬁl?l(lsuch Fp fl ble circuits or
p

sem -additive flexiblggcircligds, | ud 3MI Fl 4 bl e fpor Fl ex)
Circuits, available frggn 3M 5?éorrpzaj_ré@ , wh cga,h3 be 'Zsposeﬁon a substrate.
The LED dies 104 can bg, surjace rmg’glt ed|{o layer 14L°pr, if, one
alternative, recessed Lato rgeeiviny, apgriures;formed, in tlhig flexible
circuit layer. As an aljernajjve tQ,phe }y7ebonding t5, connggtions di scussed
above, an alternative ectrjgeal i 'grco ection, of the LEQRg array is nade

possi bl e when utilizing,flexjfl e GlegeuUit{y, Forgexanple, caffilevered |eads
can be fornmed by chem ggll reh val q;%g'gt he{%} el e_cgt'(lfi c, 5ézeg. po} yi mi de. This
process can | eaves onezgor t Ig@g[ s) gantil _\:/jared 40r ul{yasonic or wire
bonding to the electrihgal cpptactsspp thg ¢ED die. Sych canJ:S;Ievered

i nterconnect |eads mays¢15 b,glgsnalslf,gg thae Wi rghpnd wyes gngd are

substantially flat. 35 420 5998 113 87 3.2 44
34 422 6256 110 -88 27 4.2
33 424 6529 108 90 22 40
32 426 6817 105  -9.1 % 3.7
31 428 23 102 92 12 35

30 430 744.8 9.9 -94 0.7 3.3
29 432 7793 9.6 -9.5 0.2 31
28 434 816.2 93 -9.7 -03

The above reflector designs can be implemented in an array pattern in a
number of different implementations. For example, Figure 7 shows an example
array of LED die sources 104, coupled to electrical interconnect means 142, which

5  can be disposed on a circuit layer 141 (such as flexible circuits or semi-additive
flexible circuits, including 3M™ Flexible (or Flex) Circuits, available from 3M
Company), which can be disposed on a substrate. The LED dies 104 can be
surface mounted to layer 141 or, in one altemative, recessed into receiving
apertures formed in the flexible circuit layer. As an alternative to the wirebonding

'10  connections discussed above, an alternative electrical interconnection of the LED
array is made possible when utilizing flexible circuitry. For example, cantilevered
leads can be formed by chemical removal of the dielectric, e.g. polyimide. This
process can leaves one (or two) lead(s) cantilevered for ultrasonic or wire bonding
to the electrical contact on the LED die. Such cantilevered interconnect leads may

1S be smalier than wirebond wires and are substantially flat.
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-17 WO 2004/ 051705 PCTI US2003/ 038040 As nenti oned above, phosphor el enents
106 can be utilized to convert the output wavel ength of the |light fromthe
LED die em ssion spectrumto the desired illum nation spectrum Also, a
correspondiwg 2euspsiroof reflectors 120 can be wutilized, Pfccmg&dagmﬁﬂmarray 110
of passive optical elenents, which can be formed in 5 a mcrorepli cated

reflector sheeting 1ldsméofddlabsies giokﬁﬁopaeamn@ 105 Bditbe uhﬂfedw@ont-énhedl es to a
mat ching array of optical fibers such_as those shown in Figure 1. The

refl ector sheeti AYPHSRvelengEqtshe lighhjrem the LER diecemission spreapmadihe desitein 3\

conmpany), W th OpRmida@d §eétin. AV, b cifespdalinE shrdyR kefleftors ARG &nat | vel y, sheet
111 can corrprl se r %I ectors 120 maé&e from an ection nolded material with
; Hp slem

10 reflective codtzrgdormingsn array passive, eRting| BF-gvhich 3P Baloreedd el ectri ¢

stacks, or the hmmareﬂlcs@@&ﬂdctmh&aagad @afficiaﬁuywapreugﬁdft&n&@usb as surface
121 from Fig. 2) Alterr?_latlvel 2Sbect [S an be f.ormed u5| ng an
enbossed or puncﬂ‘éﬁmﬁé’?aé‘i ‘“gé’ﬁé% QFF‘C Prebgope ‘F‘F e shawp in Bigreeilon  phosphor
| ayer 106, such aﬁekhmsmaﬁgmwn@ﬁ@\umostsychamrmllamfrsnﬁbppt|vely
patterned by inc or tern of hor terial onpto the top or
bottom of the ar F‘Hé})’ P@y‘é’,‘ 'i%ﬁ?e oy @vipe eé%@teg‘aé‘?jﬂ%‘rsae LED die array,
a regular or [ I’bdhg:uhlﬁﬁsc&éﬂeal}orsOIQOhﬁﬂbﬁrd;rghimﬁ&whﬁﬁﬁdddhﬁdt’erﬁ}s@mm ated optical
el enent s, ctrlcal i nt.erconne hos hor el ement s, and flective shapes
coul 0 be’ used? dSERF REEH GaprIe PRBP O FOTRRE S e SHEHL Tl wi th L hi s
exenpl ary desi gnhkezG1siaosd:umcahtcdmrtksmﬁélrgvana(mudhas u&&de 121 fednt Bip. :J.t)he respective
array layers. nstructlon a nultip LED di e
source is descri ég %@F@Wﬁ%‘% ‘ﬁ)y E"éed "f)m%frbemTﬂsedlefﬁwléed ows an
exanpl e nount i ngsl&étroﬁauhﬁte'mapesubstrate 140 for the LED die 104. Substrate
140 can provide a lo L Stance t ondu heat away from
the LED die 104. In }tlilﬂa&snxé%}poisélro{/ﬂ rlibq@édl‘s'%gn? th%“fﬁ‘:;‘%)s crj’gec{:%ﬁfousg ccf”tg%osed in a
wel | 151, whease sdlnetnb@rmtthﬁaihymcdtﬁlﬂatmgnphtenatﬁphmbbmimmﬂamto thutmstrate 140
by a conventi onal tac suc b Si (e.qg.,
Au- Sn) refl ow di & b&i‘?‘%@ﬁ{{’eﬁ?ay W’F?é@@ﬁ’glf‘?ég%r nﬂ%% Sqa%ecg‘%? cﬂrt!’Eor""t}’ Bcircuit
| ayer. In this ergupairyegelabathywé hED hglheomcebs:ﬂmaiseclﬂtdd)omﬂ emmrm,at ed with a
30 reflective coating,143. In additi antil evered
lead 148 is bond&d GhPE™oREt: sﬁhorcfm%"%s ?ﬁ |e°fV§’rStéa ﬁ%ceoél bglu? %wt | ayer .
depending on application requirements. In addition, with this exemplary design,

20 fiducial marks 149 can be used to align the respective array layers. An example
multilayer construction for a multiple LED die source is described below with
reference to Fig. 14.

Figure 5 shows an example mounting structure or substrate 140 for the
LED die 104. Substrate 140 can provide a low resistance thermal path to conduct

25 heataway from the LED die 104. In this exemplary embodiment, LED die 104 is
disposed in a well 151, where the bare LED die 104 can be attached to the
substrate 140 by a conventional attachment, such as by using a solder or metal
(e.g., Au-Sn) reflow die attachment. The substrate 140 can also support a circuit
layer. In this exemplary embodiment, the substrate 140 can be coated with a

30  reflective coating 143. In addition, as shown in Fig. 5, a cantilevered lead 148 is

bonded onto the LED die from the interconnect circuit layer.
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-18 WO 2004/ 051705 PCT/ US2003/038040 In Fig. 5, the phosphor material 106
can be located in the bottomof the reflector, coated on a sheet | am nated
to the bottomof the reflector, selectively patterned on a sheet |am nated

to the bot tvopnmbosihes refl ector or, in a preferred nethg d on top
of the LED die. 5 In an exenplary enbodi nent, an inter coﬁﬁgg?ﬁ%?jrséﬁlt | ayer,

rigid or flexible, qRpighs twlshbgpz,samtt&apma\ehm loébheRif 2R BERI Bhe AS descr i bed
herein, flexible CI rcuit materials are avail abl th?)r;%mthe 3M Conpany. In

t he exarrpl e showffiIEgion qepigd oma sheetjaminated tojthe bogorg of " SRFUYSSY t i on” 145 of
the flexible cirgdteined GyLshe@rddinibRed td koGt ofatt efidi@ @t livepefakd Nng 143. In

addition, a conduc artion the 10 flexible circuit |ayer, such as
a copper conductB‘Fé’ﬁ‘xgﬂg’ws&toﬂé‘?p‘ﬁé}temg%t| on (e.g., Ni/Au) can be disposed
on pol yinide portion Iﬂéhﬁe:&mplaryrﬂneabamiameﬁltmmonneﬁlctrannaﬁdr\t@hcyor the flexible

[ [ d,, and the bare LED d n .resi n a recessed

circuit |layer ca i nvert

portion of the p@?’\?ﬁ?ﬁ’ﬂb"cg{ﬁ‘ffﬁ&é‘él’r"a‘fi‘? mierqopneghion; Y de??é‘g%ﬁ hegsi. E’P{’lel ayer 147.
I n this alternat tixaitmapligsesaedilable fromatiel 331 UaﬁﬁhnﬁOIn tb@ex&ﬁpfc@hdmdnl n the
substrate material .. 140, An el ectric rraterj wi th good

t her mal conduct i @t'@aﬁ’ﬁwtﬁ'@(‘%ﬁ g’é@ﬁ%@ﬁ(ﬁég?ﬁy‘?% @%}P&%%&CF\& Y&t li""on of the
fl exi bl e ci rcui t disposedsmbafietditecpatihg 1 63 din adihon, idftmdﬂhuee piréat rd7eatheat t achnment
et Sty X A ol R SRR e ol ST RORNGRL bl Gl 2r ©
described in'®a COMPRNEY L 3‘ AppleEat? of ‘ehitit1 ed
"I'l'lum nation AsKifiglcyd be2cﬂs;(omdtoy1 polymn&eponm 14591333&118@168:)1pm ncor por at ed by
reference above. A POUERLLAN. e BURE AREALIBRSE 1n Bl BATRARS Ligyer COSt

alternative enbodi méht ventiona epoxy sed printed
Wi ring board stdieicdnuesidefinn reeéssezkportioalof the payioddersedice, dlmctygedm theot her

embodi nent, a | Oéﬁletgl?(:%r%wﬂamr Y H In ?l?% algﬁial@vcigugl'ér%gnt%%{l p\gﬁ%llts I, e ON ducti ve

epoxy or conduct TV& i tate as reqU|red to
connect the UED fdmeeddn tla)subs#&e mertialoHéd Aablbutgcally isnletitgmaeri Withgeodt 0 LED di e

cor respondence. cflmsPLANIGie Ay BUESEALLLUIAAE QLRI L fhspay, Ao an

illustration of rinc I'ber "125, with a
core 125a and a &éxa;iﬂmrngltambsuﬁiegdep&dmsh@md&elebumlla@a@mnbf ni net een

needed to 111 um angef R mBEnEA FnBhoRe i adlthflln ) 17! Do e
centineters), fox Cantbenéy ge28ink and qogpvennd mph@rtlomr@ﬂed ‘dHurpfnatipn@agenibl’hes each,
20 (Atty. Docket No. 59333US002), incorporated by reference above.
A potentially lower performance, but perhaps lower cost alternative
embodiment, can include a conventional FR4 epoxy based printed wiring board
structure for electrical interconnect. In yet another embodiment, a low cost circuit
can be prepared by patterning conductive epoxy or conductive ink onto a suitable
25 . substrate as required to connect the LED die array.
As mentioned above, a one-to-one fiber to LED die correspondence can
provide for better illumination efficiency. As an illustration of this principle, Fig.
6a shows a single fiber 123, with a core 125a and a cladding 125b. Fig. 6b shows a
bundle 127 of nineteen fibers 125. For example, the effective area of a beam of
30  light that is needed to illuminate bundle 127 is about 0.0017 square inches (0.011
' square centimeters), for fibers 125 having an outer diameter of 0.028 inches each,

with a core diameter of about 650 micrometers. The area of the nineteen light
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with a core dianeter of about 650 mcroneters. The area of the nineteen
light -19 WO 2004/ 051705 PCTI US2003/038040 transmtting fiber cores 127 is
about 0.0010 square inches (0.0065 square centineters). Wth an assuned

uni formy digcshidiRieed |ight source, the amount of Ilgmcﬁ%»%sﬁgsﬂwto a
wavegui de is proporti onal to the input area of the wave t her ef ore,

the efficiency rat e} flb?rgzh{?‘f 9!160[}1 bd]otsﬂ{é 1Inéh9§’db§)rqbsz?q}100100017 or 5

about 60% An a van ag resen I Ci ent | aunch of
light into i nd|0¢ntd1m¢r5)f Withrag asﬁhmad wiifognly distritphed light sogé¢enthe ameamgf e sour ce,

for examl e, f Mehl &k A e ARocth BBATLGRNb Y iiParbPotiieaNeEal: ed |1 o

| aunch angl es and cou to t t he
interstitial spethvesfmbemeféinlemqyeatquﬁégly cpyplingio thisifighireis %Oﬂfm& ortraditional
systens, which dy gmate an individual LED to a corresponding fiber, may
| ose 25 to 40 %o? e emtted light due to the dark spaces between the
fibers in the bundl eAnsé‘cantasq/@fttmesmummtmmnreéf@mﬂnt aupghghtigiintell i ng of nore

fibers and woul Olmﬁ@;a\hah flﬁér?&q f?oe.lﬁaanecm.gﬁ%a m@@glm}aecﬂa;exahlazecaﬁ&ér@w in the

present invention, i ght receivin ers can be 15 brought down
into a very tigten @GP plavlfennrlagluedagwnwled hé‘téﬁ“a?h?t"élﬁs @rd tp Hght F‘P%’éﬁ& whi ch

thus yields a vepy tlﬁ%@&&ddmﬁ%@ﬁ@h’i&stﬁ%ﬁi sPAFtSinidn Re fibkQ R the ﬁﬁﬁﬁuse the
i ndi vidual |ight recel v%&g bers of the present invention are relatively

smal | in di atet erhus Haditiong)sysemp.gliddoaamasesn individual LERJP a corggsepndiie  bundl e

may have a CT 0ssibgeedal R3e 95 1048 SUfe GRMIRIRRI due B BPERK spabGIbeRRefint CUl ar, 20
helical, rectangul ar, or other polygonal shapes. Exenplary enbodi nents of

the present inJibatsinthe gpndisySych %W%WV‘%@%F&H’%@H? 'Z!’édlt“lﬂ Baokoncent r at ed

and redirected ﬁb@rsﬁhﬁﬁeﬁdnhﬁﬁadhlegﬂohéﬁtrﬁémﬁﬁhtl s not normally obtainable in
an efficient manner. For exanple, in the icatjon of vehicle headlights,

such as that 25 il | ubtGB¥aH 1 the prgnt 'E"S“““‘?%E‘e l‘ﬁWé?Fﬂ"B’IS fibeseaden b8 hi ghl y

concentr at edid i WadughQetaentd D adry tiktR oStpiiakray bdséll & RedianderdiaReivke, a | anp
filament, so the emtted |ight can be shaped and projected by a reflective

surface or refr dﬂt“if\}%“séﬂ“'éqfé‘ﬁ’?ry cpmgact, fS“"'%‘I‘FE?\WS eqissiop pbligt-ment of a renote
lighting system 300 Beaus thEah@vidia gt kReib g tibérnst indssedr ineatig £6 301 to
coupl e the vehicul ar povver ourc not show)) to an arr of LED 30 dies
304. The LED di 8236l Eah! o LI SR P B G ORDEE G 1o
bundle may have a cross section of various geometric shapes, such as circular,
20  helical, rectangular, or other polygonal shapes. Exemplary embodiments of the
present invention allow a remotely powered source to be concentrated and
redirected to places where lighting power is not normally obtainable in an efficient
manner.
For example, in the application of vehicle headlights, such as that
25  illustrated in Fig. 13, the invention provides a highly concentrated light source that
is similar in size and shape to a lamp filament, so the emitted light can be shaped
and projected by a reflective surface or refractive element. Fig. 13 shows an
embodiment of a remote lighting system 300 for a motor vehicle that includes a
coupler 301 to couple the vehicular power source (not shown) to an array of LED
30 dies 304. The LED dies 304 can be surface mounted on an interconnect circuit
layer 341 that can be disposed on a substrate 340, made from a thermally

conductive material, such as described above. In this embodiment, an array of
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| ayer 341 that can be disposed on a substrate 340, made froma thermally
conductive material, such as described above. In this enbodi nent, an array
of -20 WO 2004/051705 PCT/US2003/ 038040 reflector shapes 320 can be

di sposed, ®@chodadsitey bonding, on the interconnect cCir Cpfudadiisn® that
each bare die is surrounded on its perineter by a reflective surface. Light

erf ted from e hER.dh 68, HRLrl L S8 UaonSe b th B khtafiy 2V of

reflectors can optiona I rected towa enses 312, which
can 5 focus the tewuitttaezcirsbidgmacwﬂr@dith@mﬂpd@dcmndwmﬁcmymesﬂmnw ng fibers

322. As shown ingbig. %@tcrﬁlﬁe& B the§ éétai?&c rrg&dd? c&ﬁat?ﬁlbyfhégﬁi\fo hol'd the

i nput ends of fibers |s exe nplary e , e1n dual
fibers can be befreflestdrscan optiopalydediseatdd twdndsran agaylofdentesH2, which ¢ehat t he

light can be putpuf, tﬁé3mlgt&l gﬁflﬂﬂttlbé lgﬁﬁteﬁcﬂ'a&o('r%%pggﬂn%ﬁﬁdér%?w right vehicle

headl i ghts 374 and 37/ connectors d 331B can be utilized
to hold the bundl ed %tshommﬁgaé} gn jnput copnsptor 3@ preba ytihgedtehdidithght s. I n this

menner, a "cool "inhRReld i fber 3. BPuilchbilff emBRimR ANRALIABAMEGEhi - ¢ the

li ght generatlng source - die array) is renote from the eventual

i | l'umi nation out{sundedigto “FHF@S effibars ga t35%éﬁtmb'ﬂﬁb@tﬁ@a‘23 cytRrERie to

optical elenent Sdlff%ﬁtl@ddndn@ (é ﬁ‘%ﬁ‘@tﬂi‘ﬂg‘h%ﬁwle%ﬁ] l?t§3'f4ainh@@5)o ORpuf 0at i ngs,
| enses, and 15 ot her associ at tics. In anotﬁ exenp enbodi nent, the

i |1 uni nat i on 18y stoBpgctass A g8d é%}&cembe wiigedtn ol thﬂd)upli"@d seu_syf f hinf ur t her

include an i nfr ag&dr.32BSRMeadliBhi. NinShifhREr) 8E40HE heRiTBRL Bz g OF more of
the array of LED dies can conprise an infrared emtting LED die. Such

i nfrared LED di etB¢ bashsqyese é‘@n&l@d’@mﬂ?&?m}“& spuoes kI3 die agray) ipngmgts fioppse

avai | abl e from Hﬁé‘@\)é\‘iﬁ:hll:}lurﬂ_ hﬁ,oﬁxﬁbﬁrﬂéﬁam btrdnB&hent Bl rbdiRe Reaf@MAgNi Onal IR
detector to receive an IR is alternative enbodi nent can be

utilized for co?PI“FaéFGﬁle’(‘.fé{O "g?ql&ﬁ‘eé‘ﬁiﬂl‘ﬁli‘,‘aiu%ﬁs}'e fleciorsaeRtipgsolinsed @by t ypes of
sensors, for is. exmdrRbsBeiadddPuet |ight sensors, can be enployed for automatic
dimming applications and/or for turni ht s.on automatically at dusk.

Thus, in this 25 al té‘l‘ﬁé’fﬁ%@‘eﬁﬁﬁﬁkﬁ“}?@ﬂf"%“‘t‘H%‘”l“f“?‘lﬂﬁ?"rﬁftF'BrF“%%stséﬁ?’%f t he

present inventi o5p0GRéwn iRAFRY I 3l@adRther ilclhiddhiatriredseadts. Inahie ARdHiabGve
Al ternatively, an i nf rared transceiver deyice can be inc|uded, constructed

as an integral paRRodigent, gae ar e of fthe armay,oh LED)dics Gan comprisa £7 BiP€dst em Fi gur es
8-11 illustrate fting WEDRNS FALRinitare @B Ale®Ean@R ROl ARMAITRIEM di€s2fuch

20  as those available from Honeywell. The system can further include a conventional
IR detector to receive an IR signal. This alternative embodiment can be utilized
for collision detection applications. In addition, other types of sensors, for

‘example, ambient light sensors, can be employed for automatic dimming
aéplications and/or for turning lights on automatically at dusk. Thus, in this

25  alternative embodiment, the illumination system of the present invention can
provide both illumination and telemetry. Alternatively, an infrared transceiver
device can be included, constructed as an integral part of, or separate from, the
illumination system.

Figures 8-11 illustrate various exemplary connector embodiments that can

30  provide low cost construction and that can be utilized in the illumination systems

and assemblies described herein.
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30 provide | ow cost construction and that can be utilized in the
illum nation systens and assenblies described herein. -21 W 2004/ 051705
PCTI US2003/ 038040 Figure 8 illustrates a design for an input connector 132a

that facilywhab@ssi#ep or bottomloading of fibers 122 goeradb@W8sek®r an n x
n array of fibers at a determned pitch that would correspond wth the array

of light sources on the i ber Ln thls
exenpl ary enbodi nent i:'gfl ﬁes l@‘bsr%ﬁ%% (gers' fié’imph S nw%rb §ﬁgp{a¥“
construction, wedrhoteon lopdlmftﬁbmllzsaﬁldlaliwsﬁgretneetnhanay%ﬁwsatgned to engage

fibers 122 in b am pi T can

i ncl ude grooves%%gmt"gdaﬁgﬁgég‘?\%d%% ?gﬂéﬁ' dﬁc&?gws%%éés OR%Cé‘ﬁ)ow de a
secure fit. Thi snéofthefibar cabloasseoblyy Iathmlwembvmwsxthammw, but al so
enabl es one 0 asseildefrbntd il FERSbARMGRA IR, bBpRiey PtRvinfkaRr Vo 10

di mensi onal connector designs cah require "stack l'ayers of V-groove
connectors. Fi gdﬁédglanpd@wgméhcramnnhotwwmg% tbotememaectar 132b wher e
fibers 122  could.fg 13@&%%&@@%5@@15@ alrERi@fitlrt 0 RALAIss Fe connect or
132b of this exerrp ar i orrre roma three piece

const ructi on, Wéietaﬁecul%ﬁtcahﬁéﬂwe nqienly gdawsfordewcest apenbly.dut 91 havi ng
fiber recelving GURRES ohinb i3l akfenSoial 875t B d-pPoBRf hieon 133 and
bottom portion 134", A ternatively, the connector 132b can be formed froma
singl e integHat aimensieaal coroesteresigsican wauitegstackings of layarpois-8®RYNg t he

t wo- di mensi onal g@faR@Rt Or in one step. To acconplish this, the assenbly
machine in Figure 12, for exanple, would have two fiber arrays 20 instead
of one wide, |inear Figwg® ilusiacs anm xquareay inpus qopRestor A32bvherefbesdA2 f or an i nput

connector 132C Wbl bk Rbtad frdaPiht RBahPRelbalGm. V!*E@E&méd?élqgﬁl%flﬁ? are used to
set the columm pitch between fibers. This design also elimnates the need

to stack v-groofdempignyembodipent Ffsf%‘i“tefi frgm atrpepige constryction cwhege the e

two- di mensi opal- careasr 1n&5de'§'a%lﬁ@ Fa;%oﬂ. Umhheﬁ@é;r@mdﬁglg%vésqes thgarout put
connector 130 for the fiber e assenbly. This design can be for top

| oadi ng and can eaeeasﬁﬁwatpema%h%%andpb&&fkmﬁgmﬂ I¥neAltsrpativelyathe for providing a

concentrated il lcuifeBdt 1308 cAPbet6ithed BoMAlsingRAMERAEDdonSIAR IS Thsawsigl SO be

utilized as woul d be apparent to one of ordinary skill in the art given the
present descri pta]sgﬁllows making the two-dimensional connector in one step. To accomplish

this, the assembly machine in Figure 12, for example, would have two fiber arrays
20  instead of one wide, lingar fiber array.
Figure 10 illustrates a design for an input connector 132c with top or
* bottom loading, where spacers 139 are used to set the column pitch between fibers.
. This design also eliminates the need to stack v-groove layers, by inserting
“spacers” to create the two-dimensional array.
235 - Figure 11 illustrates a design for the output connector 130 for the fiber
.cable assembly. This design can be for top loading and can accommodate dense
' 'packjng of the fibers 122 for providing a concentrated illumination source. Other
connector designs can also be utilized as would be apparent to one of ordinary skill
in the art given the present description.
30 Figure 12 illustrates an automated assembly procedure that may be used to
build these devices. This figure depicts a process for Inline Cable Assembly

(INCA) that provides the capability to simultaneously manufacture and terminate
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30 Figure 12 illustrates an automated assenbly procedure that nmay be used to
build these devices. This figure depicts a process for Inline Cable Assenbly
(I'NCA) that provides the capability to sinmultaneously manufacture and

term nat e woW¥as2fi@4/ 051705 PCT/ US2003/ 038040 cabl e agspdlhfinsosd Ne | NCA
process is described, for exanple, in co-owned U S. Patents 5,574,817 and
5,611,017, the diabid sosrtibiiss. dhe WG A proegseis [deseelpg, f'onexampmratoeubwnhyuseference

The | NCA system C ay of N fi 00l.s.202 th fibers
f eedi ng t he |ng3§“§se%gf4 ﬁ?ra%‘ﬁ% %@@Tdﬁe% °s¥r°70°efrws Z"?P'gfeby BESmERte WS into an
array with a par by eidrancs. 'ﬂaﬁNCAdiymmmmaslmfanpnwfﬂﬁmrsnmabem gui de conb
212. Typically t i Q

parti cul ar connte%: g?ér%fe\egdn}ﬁ‘%éhla ﬁé Ataﬂg“tﬁ* {T&ﬂm{ee‘ﬁb' {r&bebtrersS iazrge@rb Boﬁéed to a
connect or assénbimo amylwniha@&mulmm;dcpadnsm@rpmmqwmm guidecombi st i ng of
at | east a conne a%%i e noved into
posi tion above a%f &P%ﬁl]ﬂﬁgpﬁéﬁmﬁ’ﬁ?@@gﬁ&’}@ﬁ?ﬁ?{ ptg% Stermned interval s

al ong t he | engt hcaphectdraledigino dncapy pitch, &lﬁébmﬁwmpd)roa@omcmmbhand cover 232
wi |l be brought r t bers of
the array. The c%t%ﬁ)gtg? ngHae%seﬁ%eua%o"ﬁ) Jt')egrr%g SJ“P%PF I%gtgdr&ﬁﬁé{?ggqt{?{gl y bonded
to the fibers toZIﬂra@étaeorale@terquﬁéﬁédrecmp«émmm yhoveangibeley tha fikepugh t he
use of |am ngpi ngrf Ob.'tﬁfeﬁ c%%@neﬁﬂﬂer@ﬁi Eﬁo%l ‘{ﬁ‘e JE of%ﬁ@ﬁbe# Lrgagr b Ah&oh©
connector is assenmBled: the out put  of Ine wl connectori zed
pigtails (cabl ebagiom233 an@mﬁr@t?@érwﬂbbp bsmh@nzpyher Byfuithﬁs@lmnlﬁnﬁglel@v\o connector s
|0 0PPOSI NG . POSIehirAiRE ibétPaGREraY] HRIdn BBRsko b@p&m%mz@*ﬁsm}wmer cabl es
250 (cable Wi th (?onnectors on both en r; € output from’the nachine.
From t he point ofdhesiphnfeanded to figtfibens to arepte %S@é?ﬁﬁde‘dbleeﬁﬁﬁé’c'n’dﬂwaﬁd fibers
continue throughytdigh RGN &Qan%@atﬁ@%ll@rs@&@&rﬁ%be‘éﬁe%@h@z JIPQKIE‘#\ is installed
over the fiber array and connectors. tg shows " an expl oded vi ew of an
exanpl e const! uctqnBeFiasfis agsambled; the gusput of T@W%IIP?C%W@ZSQ%IS‘@ISI i ght source
400, that can beicﬁlﬂb'mtﬁgc&ﬁle&&tdn%ﬂé erfd). DY Mistding WoQ¥Etofs G BpSsidPUT Ci NG,
consistent wth the enbodi nents descri bed above. A first |ayer, or
substrate 440, i-Bosiiepperases Highty apat genngcrprizedivmper @blshdihFabl Wl may of 25 LED
dies 404. As dessdnha-%is SPEY(ILendSUNA bé m@:ﬁéﬁt&aﬂa&&wpﬂoﬁﬁh@pmberl al with
hi gh thermal conductivity, such as copper, or_the |jke. In addition,
substrate 440 ceARNesOTRA%: the asssmbled cORMGIOT Indibers sentin thrqugly the aghindover or
ground bus fop t{@ adré@hive BbidiRRedl B5altdbver TRGTLER RS ARdiFan be bonded to

substrate 440 using
Fig. 14 shows an exploded view of an example construction of a multilayer,

high-density solid state light source 400, that can be coupled to optical fibers to
provide remote sourcing, consistent with the embodiments described above. A
first layer, or substrate 440, is selected to provide a base for supporting an array of

25 LED dies 404. As described above, substrate 440 can comprise a material with
high thermal conductivity, such as copper, or the like. In addition, substrate 440
can be electrically conductive, and can provide a power or ground bus for the array
of LED dies 404. The LED dies 404 can be bonded to substrate 440 using
conventional techniques, including solder, adhesives, or the like. An adhesive

30 layer 405 can then placed over the LED dies. The adhesive layer 405 can include a

pattern of cut-outs corresponding to the position and pitch of the LED dies.
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conventional techniques, including solder, adhesives, or the |like. An

adhesi ve 30 | ayer 405 can then placed over the LED dies. The adhesive | ayer
405 can include a pattern of cut-outs corresponding to the position and
pitch of t{e JebddsHees. -23 WO 2004/ 051705 PCT/ US2003/ 035040 Vi de

el ectrical connections, a patterned flexible circuit |ayer Z?ﬂl can then be
pl aced over the pattarorpﬁﬁlmﬁ(il&eﬁicéd&oﬁnabtﬁyhs.495tem'Ebﬁeixble>éir&Uxﬁaﬁtmu:hrl | ayer 441

i ncludes an electrical ¢ ndu tern 442 oyi d cont the LED
res a0 Ty pr Chin 6 PaeBRRGE e Pk plhebuingr o PiE SR RBedrrl. | sone
designs, 5 one cintindss&n dacmeal mdﬁ@qﬂp@&erﬁhﬁtdlﬁbwdéeomdtommdlm the bottom
of the LED die &ﬂd.r: lcchlty ﬂleeg}e NS, o Olf:(nnca nnect I;m%ns Jare @n top. In this
exenpl ary enbodi ment YP'°% ém% IES TR P SPLTRT CAATUPICT 1A S5 S ut s

cor r espondi ngs t ootk leennactionyis of top EDhLER die aﬂ'tbtpncamﬂb@botmn@ftlmlmdrd_ED dies are
made via the cirgui t 4 fexiph i it [ . 441 and
bott om connecti o%g n%gtﬁ&ﬁ%ﬁ%rgd%ﬁ[ﬁopg%nﬁﬂt?ﬁ g'% Xt '%'@H'Xf&lbg‘ﬁmd‘um al marks
449 can be util |ﬁcmblet@rcambuﬂe44pmbé¢s mﬂ-mwmponmmmmhdmesr ate and
flexible circul bl ayelofithdio ADLADLAY oRTnaRRSR INCOR dafithe BHOTRA' S 410, such
as reflectors 42 Ina mcroreplica or T Sheet” 411 can be
used to provide ﬂﬁadqlﬂmngltwert‘*ﬁéatld@homcewwmmaﬂb@mdmonﬂmdl es to the
correspondi ng, ar fa40PE ’Wﬁ%" enbodi nment ,
sheet 411 ing?u gg%aa%%r@'rg(}ﬁ%%l re qu%l}fagﬁ)gu%gzgdgo%ﬁ ?‘e% orF"y420
consistent with hen@eem@msmmmmmwamﬁb can be for med in a

mul tilayer optical fij £ AkRr t MEhohes 41 RN ffQITRY. d,
machi ned, or enbosse é'r%ﬁ%oe%& O%EEJ ?%mtsa p:s}‘? ec'?? vemq{zg%ﬁ&,gg tic,

netal lic) sheet miqmenlrsateqdaﬂmmt 4 canrhe vsegite provide poupling ¢fdhellight di es. In
addi tion, the refl;RCf @S me RBDUiR% %QcérFéﬁloHﬂﬁ%le R SpRAAPH MideR! B3 t he
reflector cavity. Further, patterned $ g be incfuded in the
reflector cavititeis exemrpl4sp prybodiment. shest ldancbmewmmbrﬂwms &Redte 411. An
addi tional patt %ﬁ&%ﬁa&iiaeédnmcﬁmrthe%%om@mpses&ﬁﬁ@ abdle A0t BERrALiAY 410 to
the flexible circuit |ayer qaln fiducials 449 can be utilized for
alignment. 25 mulawwpwlﬁlm'@r wmaidvely, they ¢d|cenprisg maldeds mashised. Bf gh bond

strength and/ or dnfb3ie@5iaplt BRAcARRM Abfeca Sl Ahsic aRdallilQndk s Of
refl ectors. Further, the adhesive nmaterial can mti gate stresses due to any

mi smat ch bet weerPaiteBedas drspas pih apthe LERGeqpln aéstlsaméhedﬁﬂqc@m 80 t he
substrate angpt hgciidfd 166tsRape @MthdYfector cavity. Further, patterned phosphors can

be included in the reflector cavities, or bonded to the top or battom of the sheet
411,

An additional patterned adhesive layer 445 can be used to attach array 410
to the flexible circuit layer 441. Again, fiducials 449 can be utilized for alignment.
25  The adhesive material can be selected to provide high bond strength and/or
insulation between the substrate and the array of reflectors. Further, the adhesive
material can mitigate stresses due to any mismatch between the coefficient of
.thermal expansion (CTE) of the substrate and the reflector sheeting.
In an alternative embodiment, the position of the flexible circuit layer and
30 the reflector array can be interchanged. For example, the flexible circuit layer
leads can be routed through the reflector cavity to attach to the LED die bonding
pads.
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In an alternative enbodi nent, the position of the flexible circuit |ayer and
30 the reflector array can be interchanged. For exanple, the flexible
circuit layer |leads can be routed through the reflector cavity to attach to

the LED di ¢oenghisies pads. -24 WO 2004/ 051705 PCT/ US200:+0380¢R380d61€
illum nation assenblies and systens descri bed above have sever al advant ages

over prior systens. %éﬁﬁ“'ﬁg@%&hﬁhgﬁﬁﬁﬂﬁ‘éﬁ‘%@ ??b&ﬁ%ﬁ e%ﬁl’lbed above,

with | ower heat outputs can eri 1655
i |l umi nation i ntasmantaggs ovenprich eystexwnpilrssmdiler dEDglics, %lbbwsethomctescu@ dies in the

array 5 are phys ; in the nounting
structure. This dbg?ér &%@?&:ﬁ%ﬁﬁeﬁf&\%ﬁ@ﬁﬂfﬁ%& I'EHSH«J suﬁgﬁneﬁqg%:lfl cally driven
harder, wi th noridumipagngtintessfty. ulmthmxﬁmﬂeﬂ(chﬁﬁdssm#e@, the LED djgstiehe@uyput beam
em tt ed fromd hear@bﬂy@i%lly%@ﬂ?atéﬂfto avoid Jﬂﬁ'rrfal ltb‘?gpﬁ}s ‘in %%hﬂngﬁ@ﬁ&ﬁr@gﬂl rge

nunbers of LED die I's long termreliabil concern since local heating,
even with a gl obsﬁp?tyfcéﬂ?‘f’%h%h]ﬁ])ldﬁeM?ﬁlele%?ﬂ!ﬁ!@f‘}’@rha@@ iR o @MUt can cause

reduced LED i fqnmﬂﬁamqadd%ﬁaetar@ﬂgaw@ b&ff ARESORM the oﬁ@adeu&seo? Spaci ng
the LED dies farther apart tha h of the LED die allows reasonably

t hermal | y conduchs fieers u’5’§l‘ﬁ13‘aﬂf’é§“5 Brgé%t“ﬁ%t‘é% oft P digisea lgnederm méab{litD arr ay

wi thout |ocal hon&PPiisee lobaEnchtely, AR ¥ithRYloBdIS SRR nbBéRlaY cRBRYGS ed at hi gher
currents and |ight outputs than stated in the normal operatin

speci fi cati ok, Pchansm Gy qagsedprucyhD lifgtimegndiinxtiene ssgy ¢aipstop %Nbr eover, as

conpared to fil agmpts Isp&titte thSOREID 33§fmﬁdaepdnﬁﬁandneewﬂfhrcameq,sﬁJiealmsent
i nvention does not generate_intense heati in the forward directed beam

whi ch can be a rr&%sﬂ‘l“"t"lyd\‘eni“?lllYa‘i’i’ET‘f‘tC“FFeS&Pﬁ“ﬁﬁs meﬁ‘?‘lcéthi" heas frem thedRD a5y cause
damage to pol yrramuioensmhalﬁbw etfhbesbtaiesaﬁ§ela®bd saﬁemépaiazedam wNet i Nes

enployed in lightin nts, suc tonobi | e headlights. 20 A second
advantage is thecuHﬁ’gs ‘\'degﬁ %W‘SE‘EBS@E?EHPF%W%WP“M?% tiopsgifinl ed dense

arrays of LERs isaffitient Hc&fe@&adﬁbﬂlﬁqft@idcﬁl Mefeow, ab tdifgarddud fllagentDgse LED
arrays have the rewgl é ment | 0P§d reliabili t% grobl ens,, but their

i mpl enent ati on HEY°He F\E'F i ey §T e PrRsept NP dorwngl gNeratt ifeteency f or
coupling i ght Hefrig ih the fdrivB@rdiré@dd Bel®, vhighasan Be Hiesul @df ifiddvment ﬁeyr)ng Provi di ng
one fiber per 25 source allo the LED dies to b(gI ‘ﬁh mggh y. separ at ed,
m ni m zi ng Iocal Fftense gt ) CaRerIamees 19 PAYMY &ress apdirLeT? S LEDs as
di scussed above.are HnRtiRey englvyadindhtingeldnitars SudiCdsau@mbbile Hegdliphnect wiring. A

thin (for 20 A second advantage is the one fiber per LED coupling. Prior systems
coupled dense arrays of LEDs into a large diameter fiber or fiber bundle. Dense
LED arrays have the previously mentioned reliability problems, but their
implementation has been justified as providing the best efficiency for coupling
light into the fiber (at the expense of reliability). Providing one fiber per LED

25  source allows the LED dies to be physically separated, minimizing localized
thermal effects from dense concentrations of LEDs as discussed above.

Another advantage is the electrical interconnect wiring. A thin (for
example, 25 to 50 micrometer) layer of electrical wiring as exemplified by flexible
circuitry, such as the flexible circuitry described previously, provides electrical

30  interconnect, some thermal conduction of heat from the die, and a flat electrical

interconnect structure which may be laminated. The resulting construction overall

is a very thin layer, so that the optical performance of this layer is not critical. The
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exanple, 25 to 50 mcroneter) |layer of electrical wiring as exenplified by
flexible circuitry, such as the flexible circuitry described previously,
provi des electrical 30 interconnect, sonme thermal conduction of heat from

the die, a@@Bodidspdosel ectrical interconnect structure M/ﬁibo 3006
| am nated. The resulting construction overall 1is a very t ayer, so that

the optical perf . -

2004/ 051705 PCT/TRIB0ET 75%!1?)“’%%?*@% ﬁ‘g’ﬁéei%d lgfc’%gﬂ!\;\ghlf %gabée eradd | ay to
be | am nat ed i ntnearly saligblpgk of aiatesipl @ﬂstbﬂ; LEDetrraY (neasubytrate) boufe kb of materi al
with the LED ar re?e}én-n(:&lrim@rc&ﬁ@&tiz{y@rt Gr)ncf?%ql‘?gmh% tolded tc?lhﬁ?éfl’ebt&aéheétql%er connect

| ayer, which can in turn ded he refl ector eet1ng
advant ages of pdhhe ﬂé@n@sespfrwwemmlwmwueﬂ of intesqoneAshelenitgiarecui try are 5

described in ¢h i " alllumnation
Assenbl y" (Atst y%%gg%elﬂgle%.@ﬁh"%newggn&ga%lkgﬁnﬁg%e?egl%@gf erence above.

An addi tional ad\ssaRbAydABY. RasketiNoj $38 Dringaperatedbyjeksacotevherein is the

| ami nation or encapsﬂh%&du@dﬁap‘{dvﬁnlfh@gcgf‘&éﬂﬁmﬁﬁﬁcﬁméb%es dSbdhibEd e sl array and
the reflector cavities may be led with a solid material, for exanple an

epoxy or 10 nol d@ﬂ“ﬁlﬂ‘%%ﬁﬁh@ﬁ@ °ft“r‘?én'éfﬁPﬁsﬁ@blas@é%h%/L%?"ﬁ’ea“F'éhﬁ nated into

a block with no refkRioflEavii¥@mePbd Mie lwathalsbifthat@l kR RRAhpIE Ay &rel 1 abi ity
i ssues in sonme applications because water tends to collect in pol yrer

voi ds, |eadi Hy tee'9edmglycasharatehe eiibirg astenbly; raay he damipgtedyntop bloek with @p i ng

reflector can beodssveasd eleBmHl@lfiﬁlprﬂént tdADe keﬁ%ldtyessueslfésfmyatpﬂﬁranork he
reflector structure may can be drawn into the

refl ector shape b\‘iﬁﬁ“fcewar‘%tteé‘idﬁ'ioﬁﬁu"?cE’F‘Ipé’é’f"ie'(/‘fof‘? lﬁﬂf’éﬂ‘o’ 1@ joaeariTelialility ght

wavel engt hs andsgsgager a wi de range of incident angl es Anot her advantage is

the described phosph pl acenent that provides f sel ect ed out put col or.

Prior attenpts utili g[ﬁ E&Fm‘fg(fet?ﬂ‘f@g gVP‘Ff '(’.Tlfﬁ’ﬁt ?fﬁlé’%)g’ED Thi's bul k

pEos pEor de gmi tRufiker) rtﬁﬂﬁﬂcﬁ:@cﬁ stricQie ﬁhﬁﬁtﬁ?acﬁmiﬂmeF Ofhidtedanbe me{vﬁ int€X peESI ve |

phosphor and, si.nce_the phos emts L9 i sotr this inherently
degrades the 6t é%ﬁ%ecﬁ H"ewﬁ'%jetg’d'mgé"eﬂe ‘Pfﬁlé?fﬁ*& vgsﬁt@ E%b“éb% bs | arger than
its actual si Ze.and'l‘NeSa wlld@rﬁﬂgéﬂflnﬁdﬁt&ig@m ficantly reduce t he coupling

ef ficiency of thell 0 a fi begg vvagaﬁ ui de, as.%s cribed in the
25 enbodi nment s above é VIBEEHSf efﬁsé“ (PERPRY P, PR BEPYYPE™8, may be

coated on a s heaélecﬂéiiibutput color. Prior attempts utilize phosphor in the cavity holding the

20 LED. This bulk phosphor deposition requires significant amounts of relatively
expensive phosphor and, since the phosphor emits light isotropically, this
inherently degrades the étendue of the LED source by making the LED appear
larger than its actual size. This, in turn, can significantly reduce the coupling
efficiency of the light into a fiber or other waveguide, as described in the

25  embodiments above.

The phosphor 106, such as shown in Figure 5, may be coated on a sheet and
laminated into the structure at the bottom (or top) of the reflector, or be directly
. deposited on the surface of the LED. Using a coated layer of phosphor results in a
very uniform, thin layer of phosphor in a binder that efficiently converts the LED
.30  energy into “white” light. The phosphor layer can be precisely defined so not to
appreciably increase the apparent size of the LED source, thereby preserving the

 étendue of the LED and improving the coupling efficiency of the system. When
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| am nated into the structure at the bottom (or top) of the reflector, or be
directly deposited on the surface of the LED. Using a coated |ayer of
phosphor results in a very uniform thin |ayer of phosphor in a binder that

efficientl wocronveites the LED 30 energy into "white" |i gfdpudosseaqephor
| ayer can be precisely defined so not to appreciably increase the apparent

si ze of the LED depasiiing thetphespabrylogiedaeky difegtly bidndikt®nshiethobmittgy LED and

i mproving the coupling.efficienc f.the system \Wen . -26 2004/ 051705
PG 57520031 03508 FEE LED! HE ATshe b Simhat B e el y or

i ndi rectly ont o I{Bleemsindidrt dreagan beprécsely mdintaiheet thriblph rrévise anlpma dem@bitiphosphor can
Chrough preat se S eriiEasuhetr o 02, I TEPT Vol unes of phasphor. 5
Anot her advant age of Anbteerpdemiigt ofi theeresent amventiontihitbe alblityite tailerohetcaldror t he

col or spectrum_em A I(#[; I . i “white' light may be
made from a Coﬁg%%ml%g\ﬁ&egg%g |ea§%§'?ﬁlgegvg¥glﬁ %(13 arrgei/dcglo odi nents
utilize a phosplrembinagarof LEDGrrelors, sdytraleexemplyy embdlimeatovtilizaeo a broad _
array can pr odudbithietaer o ghler ShB'op By hdddh Bt . BIRERERR, PETRRR: 1° LD Al €
Simlarly, a vardigbt Wsbig difésirent shosphprsizerosgsholdife dig atygy canipradnéerigyhittie phosphor
used across e di iredfi; %@}g' eet on top of
the refl ect 0E$arl%§%]$a§&lﬁqt Irog‘s?u t qu%gts eE#@%&%@%ﬁ?gﬁgﬁ%ﬁg}bﬁ% ing of |ight
energy into a fipbéﬁcﬁirhyayh('b&@amphorQﬂedﬂﬂessltherﬁﬁ%ﬂsaccept ance angle of the
optical fiber), suchwlesﬁahgmewédgag}o%&%slﬁ)&t&ﬁopol,xm&&%wmapr a large

surface, high divergence array, n wthout |ocalized hot spots from

dense concent r atmobigsulign themmst etijgignt eoupking of lighs épargy ntpafibebaray dkecyisen descri bed

with a referencgei linﬁ%@?ﬁééﬁéﬁe Rp & ieRPuaM s, SRAL Sonskitfioh AYANE ON MRy be

enbodi ed in other specifi orns W thout departing fromthe scope of the

i nvention. Fbr. advarsigecus foy aljigq srfpaschigl dveagenceamaliyneaip yithons dsplivedht s have been

shown in the arqg; Qbts rn RIRLYEndRess JaRbS, the present illum nation system
may be used in aircraft, marine, nedical, industrial, hone, and even ot her

aut onot i ve appl i cat i Offdle the grasent iivengiop hasibeendssaniber With 4/166&16¢ Wod t hat t he

enbodi nent s desGkihg @&féerr_eaunuﬁhﬁaﬁ@ﬁtchﬂérﬁioﬁr@}v]ﬁeaﬂﬂ,aaieame&ﬁérary_ and shoul d
not be considered as [imting the 25 scope of the present invention. O her

variations and HBREficifemtsi vikeutfsparting fipmbe sogpe of the invention. For example,

20  while the present exemplary embodiments have been shown in the area of
automotive headlights, the present illumination system may be used in aircraft,
marine, medical, industrial, home, and even other automotive applications.

. Accordingly, it should be understood that the embodiments described and
illustrated herein are only exemplary and should not be considered as limiting the

25  scope of the present invention. Other variations and modifications may be made in

accordance with the scope of the present invention.
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accordance wth the scope of the present invention. -27 Clains 1. An

illum nation device, conprising: a plurality of independently controllable
solid state radiation sources (104), preferably a plurality of LED dies, to
generate optical radiation; a plurality of optical wavegui des, preferably a
plurality of optical fibers (122), wherein each of the plurality of optical
wavegui des includes a first end and @l#imgsond cnd,” wherein each first and is
in optical comunication with-a corresponding solid state radiation source
of the plurality of solid state radiation sources; and a plurality of
non-refractive,opti ﬁhﬁﬁ@ﬂ&ﬁcé gherein each optical elenment of the
plurality of optlca Penents 'S |nterp sed between a corresponding first
end and the corresuwndﬂhgﬁsﬁbndmubam@mﬂhm¢adﬁemwSQEWGE&wawﬁﬁﬂﬁbre|n each

non-refractive I%P}Abéﬁar{’é ?ﬂt? Da1§s &'@R&ﬂe& e i‘?édlm%ﬁ concentrated |ight
[

emtted byacBrres ngs id sta |on source into a
correspondi ng opti mailumﬂﬂye@pndﬁwaﬁgum prtﬂcmhlwaatmailtyafeph«abf'bmﬂr?&)t sing: a

substrate (440 ate r. e 404
preferably an QF' %pg’f% Btm YAt @9}@%&%&8 ‘F%ngl ccon% 5
thermal |y couplwa&amq@adhh'estsndmw@heal ccﬂnrﬂmﬁda&dsmdaammmﬁﬁmhd c:auecuu t layer
(441) to provide electric of.solid state radiation
sour ces, said faf‘%‘fﬁ?"ﬁéog%ﬂ’ B gfc‘gasﬁmﬁ %dtéﬁuanﬁoﬂlfcéﬁlan% first patterned
adhesi ve | ayer (40%)pliralitabt mahefidtvd opticl eanaesql20)aviercit eck bicalstdshr at e,

e opti cal

said patternin orre din 0 said arr an arra | ective

el enents (410) gf@?ﬂ]@’a‘?g’r‘?? te éLeleeﬂlém('ﬂtiT?s"gBWSﬁnlaéB P?'ﬁlﬁiggr?tﬁﬁ&%’ Wanat i ng

fromthe array ﬁﬁfcoﬁ@bcbrﬂ1n§tsﬁtd&taltﬁddléﬁdn@&1ré‘e@ bdGaReirpdach wonsefttivk gpaitiler ned
adfiesi ve | ayer "2445) eittaﬁh the sheefing to ,the inter onn?‘gl | ayer. 3.

The i 11 uni nat i 8KMERENA Boshicst tRpcqnge é@ﬁ%mi“‘dzby 349BPRP Phlgy of

optical el enepdifutieRiRick 5fSa kedohdig ShicARhbdgalde.concentrating el ements. -28 .

4. The illum nation device according to clainms 1-3, wherein the optical

el ements conprise an array of reflectors formed in nultilayer optical film
or an array of 2openAn dlapingijondevias, lchmprisingef | ect or s.

.. asubstrate (440);. RIS T RTINS S
. _» an array-ofsolid state radlanon sourccs (404) preferably an array of LED dles to
‘geneﬁtc radiation, said array thermal]y couplad to the substrate;
a patterned interconnsct cirouit layer {441} fo provide electrical connection for the
array of solid state radiation sources, said patterning corresponding to said array;
a first patterned adhesive layer (405) to attach the interconnect layer to the
substrate, said patteming corresponding to said array;
an array of reflective optical elements (410) formed in a sheeting (411) to collact
radiation emanating from the array of solid state radiation sources; and
a second patterned adhesive layer (445) to attach the sheeting to the interconnect

layer.

3. The illumina;ioﬁ device according to claims 1-2, wherein the array of optical

clements comprises an array of optical concentrating elernents.
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5. The illum nation device according to claima4, wherein a phosphor |ayer is
| am nat ed on.one of the top surface and the bottom surface of the array of
opti.cal concentrating elenents. 6. The illunination device according to
claim4, wherein the array of reflectors is disposed relative to the LED
dies to substantially preserve an etendue of each of the plurality of LED
dies. 7. The illum nation device according to clains 1-6, wherein a surface
of at least one LED die is coated with a phosphor |ayer, preferably a
phosphor -1 oaded epoKyilluaRaidiefce RESHIRE BMAmE N3 AheAIR B bptidf didngdn@nt to at

| east partially convert to another mavelen th the _output of each LED die
and to subst arfPmaReRn AEIRLS5ectant fesmedh iy Telfvenagtivs) i oa Rparay of Shefis

i1lum nation dewiyRtatkerdlcitérst 0 Claim 2, wherein each LED die is surface
nounted on the interconnect circuit Iayer or is disposed in a recessed
aperture of the interconnect circuit layer, 9. A vehicular headlight
conprising thé-il| &hs ﬁ%l%@%@?%@c%’éﬁ)ﬁtﬁlm 4 wheseiy s posplfor layerds s 1-8. 10.
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optical elenents conprises an array o ref ectors, wherein each reflector
of said array depssnisgiing elemeznce aperture and an exit aperture, and wherein an
em ssion surface of each LED die 1is spaced bel ow said entrance aperture.
-29 6. The illumination deviee according to claim 4, wherein the array of reflectors is
disposed relative to the LED dies to substantially preserve an étendue of cach of the

plurality of LED dies.

7. The illumination device accarding to claits 1-6, wherein a surface of at least one
LED die is coated with a phosphor layer, preferably a phosphor-loaded epoxy, and more
preferably in an amount sufficient to at least partially convert to another wavelength the

output of each LED die and to sul:ggantially _maintain an étenduc of each LED die.

& . Theillumination dewce accordmg to c‘lmm 2. whercm each LED die'is surfacc

mounted on the mtercormcct circuit Iaycr or ié Ehsposcd ina rcccsscd aperture of the
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interconnect circuit layer,

9. A vehicular headlight comprising the illumination device according to any one of

claims 1-8.

{ 10.  The illumination device according to claims 1-9, wherein the array of aptical
elements comprises an array of reflectors, wherein each reflector of said array has an
entrance aperture and an exit aperture, and wherein an emission surface of each LED die

is spaced below said entrance aperture,
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