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LI GHTI NG SYSTEM AND LI GHT | NJECTI ON COUPLER THEREFOR
FI ELD The present disclosure relates generally to

WO p@bt134502 de- based |ighting systens. BACKGROUNBLT/US2009/039057
Optically transparent materials (for exanple, glass or
transparent polynmers) may be used as a light guide to
propagate light. A light guide typically includes at
| east one surface adapted to receive light froma

i ght source and i I face for
reflecting |ight Eﬁgagggﬁﬁ%§¥¥§?gﬁ¥g i ght guide.
Cormmon exg‘i’@ﬁf‘rﬂﬁ E'@fio%‘t%ﬁdli JRREFOR' ! bers
and/ or and anar wavegui ght  gui des are
al so used as conponents in Ilghtlng (that is,

il lumnation) systens. Typical |ight guides have an
internally reflective reIaFIEbDy hi gh i ndex of

: :]t ﬁgg %){reggntc cgbgure re%pes &%neroﬁ]y 0 l%gcfll\{\%ulgl nglseei)éi h&hﬁm% éysterns
systenms, light is |nJected (that is, enters at an

angl e less than or equga¢RdAROUNDti cal angle for
internal reflection by the light guide) into at | east

one C@ﬁéalbf trapsparghtt mefaiiele (fan dxammlovedass b tremptarenheollymgﬁb may
be ?g 3 aqgg%h% gglfig g%ér%i)erl%aﬂ eF%}RO% flélﬁ/g%l?%ie éiﬁ?al#y iR0% dgs & Te%st one

ui de encourag

surficg miaﬂst@d exicteide liglgtongbilidht @urd2 atlésh bpdcdll@@ﬁtdoﬁﬂs@faee for
known as extraction technj Many extraction

reﬂeéﬁl]lﬁ] lgﬁ}é)gowa‘ré@g th(mg{l thq)hgﬂg@pélqer Siomymen Wpfl‘?sd@crhgihhguldes
1nc ‘&Qéltﬂb%Hh&ﬁ/Jr%&' | $I§1H'é3rt | Ve 1'&8& ues incl ude

ctlng the fiber’to arp bends and
r e mlwghn gualngireralgoaisgdh emctomg)@ems ik hglttmgf(tltah &, [llughihation) systems.

0 claddln ide a diffuse surf
TYﬁm‘glﬁsh& gu@s%ﬁavegaﬁtmtﬁ B tlvgﬁar% v lgh fndew Af aﬁ?@gtwn core

and'8h 1dna9ﬁ5ve?ﬁd"e§‘%f fe@ﬁct%r{ Mﬁadiﬁg alsééééﬂ oﬁ’ﬂ%‘&lr@ In these systems,
not ches) spaced along the |ight er are al so used

lightos uemwda@hat ny ehtlegsmt afi anghe desb itlgntor ggua o the caitical angle for

contralled.f - ver,, the use, of J.i,ght. gui de
inef o0 ARl e B TS b T But B & & i Bhidlp Ehowed to
exil tH¥ Hg%d @Me Whepdtétbingidbd Yosdior G pdkions Agn@the len%h of the light
accggﬁ aesthetically pleasing, and reasona

guighj litﬁdSufgl‘rﬁncmtaémgulxgw ovit arlighaepidelata desiygd |1<mqgt>rh gre known
as %{L#\é:ygﬁg Ite:%:gmgg%st grﬁng)n Céx’trra:t:t!;&l t%El%ﬁ&&ts ?us%q g gg&rlg%lp frg IGaqgéht fiber
in guintbongollddfathiom Smahets@eﬁquey ﬁldlt(d&g;llbjlédﬂlﬂg’:lﬂhe aibelet@trelaﬁsely sharp
bends and removing and/or roughening a portion of the light guide core or cladding to
provide a diffuse surface which causes light to escape. Extraction techniques using light
extraction structures (for example, notches) spaced along the light fiber are also used for
extracting light from a light guide in a controlled fashion.

However, the use of light guides in light systems of relatively large size has been

limited by the difficulty of maintaining an acceptable, aesthetically pleasing, and

reasonably uniform light intensity over relatively long lengths.

SUMMARY

In one aspect, the present disclosure provides a lighting system comprising:
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each of the mlight guides respectively conprising a

core and two optically snooth faces, the optically
waerwotdusfaces bei ng respectively aligned substBeE/Us1008/039057

perpendi cularly to the mrespective | ongitudinal

directions; n cavities, each of the n cavities

respectively conprising an _opening and a o o

r ef nbléght\gel%ﬁ saremiesafjapiding lighf de moispRestiv e longBudpd itggtions,

[ i ' . t ticald.y.

cacti 1 bk AE BHAGAT oh B o Rore i BB bRl hmooth faces
theashtiaglgndmaanh fdves beiagvdspe@s chndigoet subdiangaltyherpgdiduiegly to the

of the cavé.ti es, Lhe n covers respectively
ml??él?ﬁﬁfll"%rqli‘éltﬁ indlghEecldhisi ces in optical communication

Wi th Lhges, e8RS thY & chfibect MEVLLY AORPHSRE YR pg&{iﬁggﬁﬁa

of the n cavities, a major portion of any |ight
refleniive-wanshrigmve fuefape dprisite Sewperisg tbe ngvitydfdirarddpatehtto two of
ththg‘ rrsgectdﬁe refl.ective-transm ssive surfaces of the

PPESYUNE TROM et ed into the mlight guides, and a

M NArcoP&E kdspectRblyaypost Dajacit {ottBéln RyvitiLand dokBling the

sources being transmtted through the respective ~ '
operengseditha/e cavitigss Hicgstoversgespeteendy efmprirengn &akti sonesss wreptical
cor%méﬁl}cggo { &ﬁptﬁehr%gl)eelcg% 1|re ct?\ye‘i’ 1ira(l:"ns is\gﬁpv%rs%{trfgcersno?‘ 'ﬂ?e nn ca%rit?es, a

I 'ndependent Ty 1 ntegers at are at ['east onhe. In Sone
mafiripoetidiedTtady lighi Emifted flo@sthe hhfht Sourtdd betigacflected by the

enbodi nents, mand n are 1. |n sone enbodi ments, at ,
respAiye reflirtvertrapaisyve sfaceeef the B cpyitieyngl injpcted infadhg m light

| . i i . . .

el o iR Fortln by Mgt OBl 488 i SQRR: beip ransmitted
throwgt the nasdeative e fiecpve-eapeavitsivesaticaceithe aphvidad dnd emitted from

transm ssi ve housi ngs, and any light transmtted
thetlfﬁ%gﬂéﬁy%t%3 respective reflective-transnissive
sur {agRsn A anlihearP ifRYEddeRiSy ﬁﬁ!é%je?ﬂhﬁtt £daf EATohde
lighting system passing through a respective adjacent
opt lcsdrhgembethsts sihuendtdessitivg, n. plnseimegnebodosérnts, weand n are 1.

tn s e R o TEHGRoR gh P G e Apa LVl st some

of ¢t 8kt Qdeg! enment. I n sone enbodi nents, at |east one
of the n Ii% sources conprises a |ight em'ttjng o
di odfesomaersbeimentsaupintBansavisies preaybstaniallp contaimed within p

b UL HGOTRE SR BPARLL LB P G Wt
respERRd irdfiRittise-trabsnhiedsd siefiecOdf the1p chvitibgiid @oitted @8m the lighting

syq%egﬂn-g;slsistésthrao%gﬁ gtrles%gétivfel atc)ijearcer(l)tpotplti(c::a?lllyI t¥an%gllils%|iveedhotuging, p being a
positive integer less than or equal to n.

In some embodiments, at least one of the m light guides comprises a light
extraction element. In some embodiments, at least one of the n light sources comprises a
light emitting diode. In some embodiments, at least one of the n light sources comprises a
plurality of light emitting diodes, each having a different color. In some embodiments, at
least one of the n light sources comprises an optical fiber optically coupled to a lamp. In
some embodiments, at least one of the n cavities respectively comprises a specularly

reflective reflective-transmissive surface. In some embodiments, at least one of the n

cavities respectively comprises a diffusely reflective reflective-transmissive surface. In
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sonme enbodi nents, at |east one of the n cavities
respectively conprises a specularly reflective
w0 efobestsive-transnm ssive surface. I n some enboRKTEN089/039057
at | east one of the n cavities respectively conprises
a diffusely reflective reflective-transm ssive
surface. Insone enbodi nents, at |east one of the m
som¢ gibodjuicaBsatrleasharg it (n léghﬁamd@&gesaeertuvw. cgMerisesy seflexible
COIJG II‘? Qd}ﬁe @m&ﬂhﬁﬁﬁt e'ft lea%{ 0111 Ile erlg%l(? ultdgg reg%%c'tlgg'l& co rises an
ui des respectively conprises an anlc pol yner. "
or@ommodmtmd ilnrsorhs amhbdlhfeast atdaae;t ofic dfitee m lighgptiidguradpsctively

respectlvely further, co adding on.its core,
furfhge CUPBERES 4G %ﬁé{}}g&@l i 908 c § ?1 e E?V“F%‘f‘ ?Oé(@tr Ib‘{‘? ﬂ% Kg{rdction
thah e 8’(95 e1n LI SHFoERRRAd] am?é‘lltsfs’onea(tfmJ &Qﬁhleo&?e (A orltg, or all) of

exanpl e, one, a mgjority, or al e n cavit
thehrasavetias élsp ectspeativeetflatye vrenirmamsmls'ﬁilcv éhag axtf:lactseln thats

extends up to j.ts respective ver and
resgE oot ant pheaivsTRBE s o/aRy RonRNye  Bhiifey
anoimgiotiae RESdet, thdBcRine aRMbs 1t PEIVASHd a8 ight RYEHBA cBupler
l'ight injection coupler conprising: an optically
CompRasiBgi ssi ve hou5|ng having first, second, and third
openln con |n en the t
secdhy %Call t]iaﬁ Ig swe E%usﬁ V%la%ﬁ}sy\g 9nd, e%nd th]tra op]%nngs
secea rddndlﬁtedkltﬁ@l&lgklﬁﬁtﬂ&‘rﬂﬁa ﬁts@ Geténde ﬂ@aﬂﬂdaipehm% teadhNGX the first
end portions of at |east one |ight guide whi
anggcARGPPREsPeBRAdeRtcd Foenenes didewst tqu @ndal?orrl@a%qf a {ggst one light
|
o SRR DG IRAE O, TR Ak o poftidih being capable
of gmldm(gthgdmm, at tidast Eehahd stecdilai\meslgzcave longitudinal directions, the conduit
reflective- transn133|v urface adjacent to the(ﬁﬁvi%%

havipg a SiIRGEY T HaRRISYYR %"6 NPT o 8 Py apd qpagt

op&HALS 288 BR NBRULNY ARAS eadh%lvlnxg SRAEN 1 @csotRkdcdRBEhed
substantially perpendicularly to its respective

substamgaltlwmrpaidlmlatr&;sctm iprrespecitoviengicoimpd |d§rr:¢tg>na li ght
source, the cover ng aff,ixed to.th [ and
o oot BmprnE e ek i BleRhen Bt TR B b g
dlsﬁf)seﬁl"p@o)l'i@lu&' t88nd bb@udih@ e (BRYbF&IMES M hBuPRd, telight source
conmmuni cation with the reflective-transm ssive

beiggiitf gfecal gremaninatiomity theggﬂ@qtlcrﬁ tegnsasyive pyhceevhere@dg major
pogt{ogmfté{ﬂ)‘f héﬁt%%ltt&? ﬁl&%e[hé ﬁ% L1%8 tlser% é‘ce& E\E he dreﬂecttlve-tlhansmlsswe

m ssive Pace an
suridcelaga $ijedted Bito Mot Eeeacﬂi@k a@ﬁde@ﬁhﬂtehd @smoamdmmafeeem a@ninor
m nor, por.tion of an ht emtted by the |ight source

porienof apy Halentittediby d hsauees fedtyg teaismiéad thrruigh dhg spglective-
tragiib S APde bhd ﬂﬁ'&%ttg@ n@&*ai& ?Jahéém"s&@@%ﬂs Ve
odl nts; the

ousi ng. I'n sone
r ef lresdmenbodamsnts sthe vaflestivd-aeesnmissigpaciabarsispecularly reflective.
reflective. In so enbodi nent s,

In 3qtpq gRpedrReRts he HiTlS VR TARNTISLY %ugga? prdidpspggly reflective. In
soth€E86din¢8ts, #hR reflective-transmissive surface comprises a multilayer optical

film. In some embodiments, the light source comprises at least one light emitting diode.
In some embodiments, the light source comprises a plurality of light emitting diodes, each
having a different color. In some embodiments, the light source comprises an optical fiber
optically coupled to a lamp. In some embodiments, the optically transmissive housing

comprises first and second portions flexibly connected by a hinge, and the first and second

-3-



10

15

20

25

30

sonme enbodi nents, the reflective-transm ssive surface
conprises a nultilayer optical film In sone

wepidds4sent s, the |ight source conprises at | eRGI/USIBI/039057
light emtting diode. In sone enbodi mnents, the |ight
source conprises a plurality of light emtting diodes,
each having a different color. In sone enbodinents,

poxtieas peigs furtsy fastened A tosmethen by pt Ieesh ong msehanigsd fastenpsy In

sori® &Blo&ﬂn{eﬁts?atl 1818Pond 5F O BRt QH(J'P 9%55@ plge?l’ir%#sQ%m%ﬁgéscﬂeglyective
transm ssi vée housing conprises first and” secon

colp@rti ons flexibly connected by a hinge, and the first

and secondportions. being further fastened ope to
anoﬁﬁiéﬁntasé%aelw e gheCmp afr iggfo Pasromrisoutsgpay be
fateitRRA B thse th@}_I prlogﬁl%ta r@ﬁk%n@gl?l LRornt |i§$t iﬁ‘t@gsiﬁlecﬁi%f‘félatively long

openi ngs conprises a respective col
lenaths asvpegelbushsy vicivgh fiongdistystes tppiced o6 thaimgtended dpplication.

resent disclosur apricated such that th :
ARl s SEHET T RGP PP SR AR SY gE B apihetic appeal
of thelightiNebpstdn® RAnpBAGKN Exa@PRE G hdhyapph&dtion’s BleRMcVeRe trim
~di stances tyPLca! of their intended application.
lightgn pwhiegtyral lighdingasnd qeammereial sighdgcusef ul for those
appkication re th est het i o) he .
o 5 SYEIRERS dRBePRashe TRRARL steghfifcording o the
pra3pildiadsuRnfay Beddidenivahy fbdcdted ihg GEtigages in combination with
architectural |ighting, and comrercial _ sjignage. In
ong giRoHER ey Cowleireeardimr the preesas dlvglopyrght i ng
sys%gqgag&%QBding to the present disclosure may be
conveni ently fabricated using light guides in
combopyakitothe wiptihinghia roferamoe @ thi géflecting-aahinninsicospiaee means
accordi ng the present . disclosure. used herein: .
that Btplﬁ%)% ?&)gl’tfoﬁlé)f glbeeqq?lﬁ%twertfgnlsgfs&vg Sedageys ppposite the opening,

alth&fch 86 Y8t VeaRIndR W SuaHEd AR BRI Be oR@thaRtegifRSt @
portion of the reflective-transm ssivé surface iIs

oppddispascd hewxopgnitmgnd edctudong]hmeane covering or disposed within and

reflective-transm ssive surface may extend beyond that
bkygﬁggﬁ?ﬂnﬁpgﬁ8gggﬁproxinate to and occl udi ng" neans

COV efhjddedGhto 1S4 S8/ c Wkl th @1 Ehhb bReitRQ1idHt 2N &I¥ 28 §h Bfkle such
of light; "injected into a |light guide" neans that
that jtghintepglbrrstleeied pudygiidestbyaidic dighbebidgigl e such that it

is wpgernalh f i : 3% ' qui e

11 o Rt S FEOREC AN sl P o ol LT e
intéral foflepr@atiein its @bdy;t hrough internal reflection

wWthin its body: "light" nmeans visible |ight;

"light" means visible light;

"longitudinal direction" as applied to a light guide refers to a direction of
propagation, which may or may not be linear or planar (for example, in the case of a
curved light guide);

"major portion" means more than half;

"minor portion" means less than half;

"optical communication" as applied to two objects means that light can be

transmitted from one to the other either directly or indirectly using optical methods (for

example, reflection, diffraction, refraction);
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"l ongi tudinal direction" as applied to a |light guide

refers to a direction of propagation, which may or nay
woi0oheesri near or planar (for exanple, in the PEEESDI/@I057

curved light guide); "mgjor portion” means nore than

hal f; "m nor porti on" neans |ess than half; "optical

conmunj cation” as applied to two objects neans that

| i gheptically proetha psans essentinky fice ﬁESItrB%? fieatyendat eqnipate to light

1059|t1{r§_péﬂ %aﬁ)g gqg Jh%ﬁltslnéi usi ng optical nethods (for

|on ffraction, refraction);
‘0 pt'cbpmhlly trammdm\'} "mecans treﬁ@emn't aﬂ transtuces toﬂighu,l afidia@ opaque;
features.that contrlbufteto l i | oss throu

scal kT PG tHESRA ]S TerTaccy ﬁqae%l? PyTace AR iy S8 acopysficctive
and Fr3NPAAIGYD 120t Iﬁﬂ%hg Giont oﬁeodl{e'cgm as Sfde 18, Qﬁ‘%&eoase ofa

‘refl ective-transm ve surface” means a surface t
on¢-svaginmurot;andousl y refl ective and transm ssive to |i ght

i npi,ngi n om on tion; anpl e, ,hn the

caveBr bR BT Rt a R T b BeledS to 00
deggépendi cul arly” means at an angle of from about 80

degrees to 90 degrees. BRI EF DESCRI PTI ON OF THE

DRAWNGS Fig. 1 is a perspective cutavvay of an

exenplary |i nt
di scl osure; gﬁi l§!Jcﬁls a perspect|ve c%‘&ﬁa@ﬁgsf an

exempl. arya !pi:xgpécusy stitea a6 an eNonghldrg lighesyRfc@s&itbrding to the
di sclosure; Fig. 3 is a perspective cutaway view of an
Preéi‘(‘@r%ﬁ lﬂsyrer,i ght system according to the pr esent

di f
an’ EYEA Epy it b @lo AR QT AR SR Y BBl e

prqseresimtosdlrescl osure; and Fig. 5 is a per spect ive view
%ngtlcall fransm ssjve Iastlc ho sing suitable h
for 1§ f PETHRCCEYS RPRRY VISt S Betg gl&? HFBraceRigips to the
prdséntfdi@lostlre; DETAI LED DESCRI PTI ON Li ghting systems

according fo the present disclosure include, for

exahpd. 4,is tthegdoded perspective view of an exemplary hght injection coupler

according to the present disclosure; and
Fig. 5 is a perspective view of an optically transmissive plastic housing suitable for

use in the exemplary light injection coupler shown in Fig. 4.

DETAILED DESCRIPTION

Lighting systems according to the present disclosure include, for example, those
shown in Figs. 1 - 3.

Referring now to Fig. 1, exemplary lighting system 100 comprises a light guide
105 that is capable of guiding light in longitudinal direction 190. Light guide 105
comprises flexible core 175 having optional cladding 180 thereon. Light guide 105
comprises two cavities 120a, 120b, each integrally formed in light guide 105. Each of
cavities 120a, 120b is, respectively, adjacent two optically smooth faces 125a,, 125a, and
125b;, 125b,, and reflective-transmissive surfaces 110a, 110b opposite openings 135a,
135b. Optically smooth faces 125a;, 125a; and 125b,, 125b, are aligned substantially
perpendicularly to longitudinal direction 190. Light guide 105 has optional light

-5-
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shown in Figs. 1 - 3. Referring nowto Fig. 1,

exenplary |ighting system 100 conprises a |light guide
waBInswar2 i s capabl e of guiding |ight in | ongiRCKUS2AD9/039057

direction 190. Light guide 105 conprises flexible core

175 having optional cladding 180 thereon. Light guide

105 conprises two cavities 120a, 120b, each integral

extfgstig glements (ghawiyes nscheg)s! 85ga b bof S3ealistribuisd alpog its Tt
Coﬁrgalﬁ&?; Fligglg Ee\égiﬁ%rvigrgdg?ﬁﬁggg%@'f?gsglﬁgh,claislby &BRYA0L 3886

compfidcarespeetvd liginsomsed MSas LiShaslesvi-isd]ghtichnitapg didte"LEDs")

openj n 5h. ically snmooth faces ai, . :
clegisigally gl?@ﬁi‘gg’é‘i’ug:f‘l‘?’éﬁzqo@ﬁela@lb SQYfsST b ifﬁ%;ﬂre in optical
corﬁﬁﬁﬁﬁggbﬂ;b&lltﬁ %%eétf’ve reﬂ&'tltvbl Qﬂaﬁﬁhlsgbé Skl 4801 1dy, ght

gui de ptional lightextraction elenents (shown
as rz%cmt)tihe s&emlﬂaa enft®@8hment 86 ¢ lightsig dybigned shdwmen Figs2. Referring

ol ORI R 38 300 B 5T B3 209, 05

arc’ QPSS bf Y@ din gg%ht ﬁ%&pé@ﬁve1155$1tucﬁ15hﬁﬂlré§tt&\§@9@a§ 2|901§1fﬁ90c Light
emttlng di o LEDs") electrically suplledthrou

gumip& a1 60, 2@&0@8136@1@% cgorisedexiBls gores 38n, A &b.i2 5S¢ %avmg
res? optlgnam%gdl%%% Q &48(5b r2§38cs &%Péfl&églgh_{lfé Byst%}]l 2OR é:?rnprlses

-trans SSi ve surtaces

twe mﬁr@ésazzxz)a eapooditiamed adificent fdsgémtﬂva gpﬁqaislgzefahsrﬁlsslhemuslﬁgs 250a,
[ Referring nowto Fig exenplary lightin

Fig. 2.
25%@3?%@ Govienprdas &0l ip gﬁ%pegﬁy‘feébé@djzﬂsgﬁ two@BHca lzcﬁgtooth faces
224 oo S PN 200 IO LGl LT GOREGIINE 3100 gppoic
op &g, 233@52555b2@§mca1658$mmm varkey 2201255 earfd E&bQIESCM’reahgned
275a, . 275D, c_ having respective optional
Subzsﬂ@aaﬂyzeﬁsemﬁ@g%ﬂx RdF ﬁthq_lgﬁﬁlf"rdh‘&l gyegt mﬁ%@a 3965, 90e. Lignt
guide 75 heESHtlohRl l?g?h\{ 'eit'rz?c%og eent2¥Ba SIdsvas & AdiBRED Elong its
respective optically transm ssive housings 250a,

lengtc rCayfersc;%l?ﬂ:aI 130, m%@ftlvalzomdhsle orpempgskiiﬁaeméb a(“gqvatse?t&Oa
225 25b2, .
23St iU Dt Samai o soRt P RBL TG TE Bpisay

cofepRaitd & MAsht3artes 25525 5004rk GRbpticab R n AR Swith
225a2, 225bi and 225b2, 225ci are al i gned

respedsiye apfldciv e-yrapenipsviisus facey 240at 2l Wespect i ve

| on | dir

205 b AR eabef il AP S Rterd SRup £ BRkn Wl are 1
is sheha idFit. Bi Ref@n@howdo Figs 3| @nrgiptary GoliiiSsy2 @983 008 Mprises

respectively, occlude openjngs 235a, 235h. Covers

lightzgyade H0Batdy Ry eotyipretightdn iqn@mld%hﬂi@é%orz%% Light guide
307230 gem A3 1 b&gto libRE ChldABLBSE S ShGIRNREREH | Runti

%an’pp'g% Li g%t 30 gels'b‘g&a, %gé ﬂér e ,8‘% optllteca Rihting
sysmemrﬁﬂ@l compiien cawityh320e sipexdd adgaceef dpeichllw gansnasssv lssising 350.

ur fﬁézes 210a, 21Ch

CaV1t 18 adjacent’two optically smooth faces 325a,, 325a, and reflective-transmissive
surface 310 opposite opening 335. Optically smooth faces 325a;, 325a, are aligned
substantially perpendicularly to longitudinal direction 390. Light guide 305 has optional
light extraction elements 385 distributed along its length. Cover 330 is proximate to and
occludes opening 335. Cover 330 comprises light source 355 (shown as multiple LEDs of

different colors), electrically supplied by wires 365, and in optical communication with

reflective-transmissive surface 310.
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Yet anot her enbodi nent of an exenplary lighting

system wherein mand n are 1, is showmn in Fig. 3.
woReGoens4smy now to Fig. 3, exenplary |ighting SBRGI/ES080@9057

conprises light guide 305 that is capable of guiding

light in |longitudinal direction 390. Light guide 305

ri ses core 375 having optional claddlgg 380 (not
s hgﬁﬁeht gh@%swerﬁygq@mpﬁlge dyatcail 30 OPEom eladdingc éﬁypwlly, the

o389 o i ORGP ALY, DU B

extBbhian ktrd2o@R than dlreoeﬂﬂghmm o€ therlahs g‘nuﬁs.i ey suayflace adjl Bhape that

pasi f.e. open tically s th faces 325a
is ve b an lﬁ?ge @ﬁ?ﬁagﬁﬁl%l ﬁﬂo nBx&pigt phsuftgble shapes
and G581 gﬁﬂ‘h@ﬂoﬁ? ncflide €6k ERMMAS! QOdé-heg.Jﬂﬁg ﬁ)ﬂh&ies AR, aﬁgtlcal D-shaped,
opt | I't ght extraction elenments 38 drstrib

orHMUmgwﬁdpnﬁﬁﬂgamiﬂﬂbmeﬁsGemmﬁB ﬁboxmnuﬂeth©h@n¢uMﬁnmy

cof B8 e TinREd e RicxtpbRie BVHRP PRI dsppty RO Buided

lighd #6h& bEMblYpD Rlong Gts Ph i) &8s S6Rar l%ﬁﬂglhﬂe @Bt bdlple, a sheet or
conmuni cation with reflective-transm ssive surface

ribBar. E‘ugh@r @ﬁlb@gn@@m@g dightyguidasni sestizods cf@fethalﬁ maanfacture may be
fou%rat fo?n 1%% ﬁgPat Qs %%3'9%’5{5 (Jﬂund[: 1? LE alr%t el lJ leggu%&m et al.);

sur aces Irona

6, 2(59 @5@f(L1!imfn€) bi3gnO4 et daat l. RAné RIBYO QQV €Soti)at.). CngBEguldes are
light out of the light guide. They ¥1have any shape
alsp giailable faem cemmpesciplgouicRs: é%%ﬂanrpé% lag 81 Bigcisioy Lighting Elements

(Pﬁﬁﬁﬁﬁgégkfﬁbﬂﬂ%mb%%F%gg» pl es of suitable shapes and

iguration , tor exanple, rods having
rou Mb,nysqlllaﬂj’le core$ hiefknowalin tlﬁ-llghagmde;/opﬁcaﬂlﬁbyr at.dBek core is
iles, and flat sheets or panels. For exa

tynlqaglmcoamws Ry neayrRsy made of adppte ﬂﬁrqream garaeo ma&eﬂa@ that is

suff KRR GandbaRRl KA AR roAUHE 1o @Pfé&l%@ ﬂr@;%a‘”g;a'i lig@vhHag a
ight”at one or nore pdints along its h), or a

lotgitamaal direghion guplddlx foor desmnp b€at laass he e@ntmnewris ,kﬁmdnmore

rrgh el elmad b S s o e B S and

R P ox3 A &Ebpldsto dhNothedhosst ol Hids D4t
Or%dfunpﬁﬁﬁhgtswglgx S B o o m’ieaeeﬁoremay
w2

be golid, liquideorRol Qypu(a@@y@ghd J".l"hé) COrp ingimbe(ﬂgxdgg ogmgldaq)rsa@ythmg

n \{\gl(e:éﬁgg gﬁo{%ﬁlqﬁ]} &g%pq cgdl?n%%%ﬁ)?ty % 8%5&%@]%%%%13%&: g%rnerlc
cor@t incRale| acriid ch&ﬂYorSebtaﬁl@M & dBttiscdan arkdwutibddrintths. Pat. No.

%t IGawde/optlcal fiber art. The core is typically
5 888 SRS Chitld: #hlurBbanmeRics foreXamplss paglesgibed in U.S Pat. No.

6, 3‘79 '3’92 g@ﬁﬂ(ﬁﬁ] etoefl mghe Eét@ltﬁfléahsrtl}a 2 réﬁ'écftllvg '11{3({%%( fog at least about 1.45,

t ranspar ent an i nterna ectlve to effectivel
mope ypagHy et lehghbow! loiﬁgoreevbm aglicad dbaell.xh. Mdethbdnfor forrmng

sulgl%ep(!r?%?sleelr IfIOOV(Jn gn 1ncfu%n Cf%r g}ﬁan?ptle leg?rﬁglol} %glglnntgl, me(f (?rawmg
Alternatively, the core may be obtained from a commercial source.

Likewise, a wide variety of suitable cores are known in the light guide/optical fiber
art. Examples of materials useful for the optional cladding include heat shrinkable
materials, elastomers (for example, thermoplastic polyolefins, polyamides, polyurethanes,
and combinations thereof), and fluoropolymers (for example, polymerization products of

tetrafluoroethylene, chlorotrifluorocthylene, hexafluoropropene, vinylidene fluoride,
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typically at |east one neter). Exanples of suitable
materials include glass, quartz, and organic polyners
w@ twp/1esz2pl e, thernopl astic and/ or thernobset PCT/US2009/039057
pol ynmers). The core nmay be solid, liquid, or hollow,
typically solid. The core may be flexible or rigid, or
anything in between, although for rrané aﬂgl i cations
P

perflugsgaliyiny athery daflperpethylems.ang campi preef) ¢ dmexemplary

o EN e O TR TG

hesadflupropasyetnelraat amidens Bsqrideor exanpl e, as descrl bed in

U S Pat . 6,379,592 (Lundin.et cor
typi ésppglfcaﬁgénmﬁb%%s&%‘ée HMyfwitalyp S%rtfgqee udigo g example, a
Fre]snéﬁmnm Br 5%9!1&1%& |sﬁ(rf?cte *Fﬁ@&%tlc%ﬁ? Whodth Tl rrna%lvcﬁfﬁoﬁﬁlly have a

| east about m ng sul tabl'e cores
coaamg (menplndan amtircmnvé ovatiegathofaen. ext r usi on,

Al t t I th
obt i":hﬁ gg‘[lql}ﬁ ﬁl]ag l\é\% 0 rb&rgz%eg%&?s‘é%lé’ I?_ql}g@\%lg E&yera O(I\%]&é include a
pluyaity 8F YorREntsidild . Q)ﬁ@éx%ﬁlgafr? kMMM ek Blatidiflg lidBites (a) a first

gui de/ optical fiber art |l es of materrals useful
layﬁmommmm floerapolymay éfph@camm dlakepH paerization predviceof

tetr roF%fytc'e’ne ehe%?ﬁuong f or cF Vlﬁg?%e%’e ffuo%de? Po) %Sstelcocnd layer

anes

sut@@ﬁifdhfg&hd: ans latybﬁécﬁﬁﬁrlsmgﬂznﬂleﬁhd;{ﬂﬁﬂi@qioyyfﬁé’rf(fdrfe@ﬁmple a
merization products of

PO]tYB’EetﬂﬁﬁlPh 69%5 yhigeh @y%wwa@mg thesseet Rysrenmprising a
the?@é@%%tg;gg e ?rp(ﬁ(%ree’gg H)gﬁlpﬁﬁn?] In Sg,eneral, the optional cladding, if

presentf HlasmrreﬁhchWeemR,x lawelr thmmﬁanaﬁ thenerctonertact jt.is dinposed.

ary use fluor mer i udes
Tyalarl@ﬁélm %19 eﬁﬁ%ﬂmf t@ wh@ﬁﬂ%@@ﬁlﬂa&?@t’m 0.05 or even at

lcaBe68ti{ 3190 RRE ARR A indddorMeR¥dtieITend Ld0r BO®: clddhd unclad cores
optically snmooth faces may be any suitable surface,

arci sughlldiforgyse frothe gxesapt disclesurr. damebler détmitiosonoernangph pthed]

R A O R A

coatf 1ﬁﬂ:)grdl R4 SO gume a ewltﬁﬁaﬂr b@fcﬂﬂﬂa (fr e@{n‘iﬂs mﬂsldﬁfg) at

asngg@epol yneric )() or may include a urality
thegfme @ﬁtman@chay@plsfa m@e@&t@ﬂpteatlwerffnrtemamweby laser or

meﬂwﬁl%jal pr%]chlﬂﬁ%gyd Sth@?e) etﬁqullglglﬁtﬁ Nﬁ{ch%% ttsélpg’esadre edtto form

uor o or exa

a covityt, efer catfvityl o t@ﬁﬂcﬁllw enty fdﬁﬁi@ﬁfﬂytwdoﬁaphﬁ)@@ﬁece (aditdexample a light
vi nyl i dene flugride (b) a. second | ayer surroundi ng
injeqsiencPRRIET 4o59EINLiSHRF PEpiHY disclonsic hopicayts andsd gm%frthe cavity are

not(écrﬁfcal?)é : n ﬁ{dﬁ% ﬁ%hbd%ﬁ%ﬂaﬁy B scl®y A€ rﬁ'axtnmzreqnj &S of

surroun Seco ayer conprising
refichedrmploadirea ligbt Ylmminatioo lthreugmhle @ptlealb'(ﬁn}amltlefa@s anldninjected

i Gl Bt P8 e e R RS B iR o

it iThe fiRRASEHansmissive surface is generally more reflective than transmissive.
Depending on the particular design of the lighting system, the ratio of reflection to
transmission may be adjusted as to minimize overall difference in appearance to an
observer at an intended viewing distance. Various materials may be used to provide the
reflective-transmissive surface including, for example, vapor-coated metal (for example,

silver, gold, aluminum), electroplated metal, metal salt (for example, barium sulfate) or
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Typically, the index of refraction of the optiona
cladding is at | east about 0.05 or even at |east about
WwW@22W91845%5 t han the index of refraction of thePCDD£2009/039057
Both clad and unclad cores are suitable for use in the
present disclosure. Further details concerning t he
optional cladding may be found in U S. Pat.
metl gyigle gty ew@plén?gu@tnum gxide.flitarpmghoyide)dilesy mglﬁltlayer optical
ﬁh?r%{fgf%xga%pg%\é% h‘}éalt@)r/?e&g?lf @E%ge gim r% gé&ﬂu' rpvelﬁmrth?'nhanced Specular
Refladiot Eilrh'edr ‘@Y ikaiti Ritirablethnien detl peexd and fiectdd Filhas detadl from 3M

mechanj cal i ni.n In those enbodi nents in which

OFWGHY’{%H? %@@H&@g%g@aomot 5P a cavity, the cavity

s tyRLeE eYoﬁt?c%l Fidn (105 BBERY, aapoqﬁﬂpﬂle Rl epspt(cfapﬁlm)
I'n

exanpl e, I nj ection coupl er accord
typiradls élmluabhssmllwslualeyucro'rmrs;hawmgadl&emhaméraoﬁvet lhéemdwaoyerlstlcs

t tical h .t h I d I
50 g@?%no ]&éz'ﬁlés llie itk F‘{%F‘Ef’g ag?ﬁ tée&‘? gﬂ‘uce’ﬁ el%%oﬁiﬁy‘;‘eas a“r%‘? gjerolayers
arcuF@Géntlyl t8ftsol thétu?n@nle@ted b plueity Bethe MtbFaleh Mn@éig&tsh
faces and injected into the |1 ght guide(s) at an angnthe

consgstivaerricsthiectio intPiderknesrgloedasfo give tha lghlttllagy@r dticalrh
desrlr%ffilrgfcf tCth o{ {]ans r1nssi¢’s’| V estﬁlésf 6i*co(l?‘)énu‘cltllg(:“enlr(:“orp?i lnymg d%mgned to
RE1Ve

refleaf light u{ alltrad@i:‘dt gﬁmblfe (Cnfl%af hg’fhtré:dl@aﬁe)léﬁgﬁm cdchenicalldyer génerally
reflectjon to transm ssion may be ad#usted as. to

hasgnenticgkthislkassai(r Pysiqab Hatkasss Hultiphedhburrdactiv igfiox) of less than
ab&Rsi%l\é?t{mé%r WAkE legger\{é \Pﬁ aqi%os‘[;eaiﬂglﬁdedv@ﬁéhoéé%km layers at

materi a e use

thereaftdreatfbacs-of tmnﬁmlmsasrew@tﬁ:ar ﬁ]am; @r iprugtatide bgundany layers (PBLs)
exanpl e, ated ne (for exanp silver,

disgpicd, ea’nfﬁqaﬁ% ﬁﬁ@@é BP"I“&]L ?Lﬂ"%@ah%paqate th%f%ﬁer% gFoypngs of

ml%ﬁﬁgﬂse SuPRjh Mlﬁ%#@h@&l fﬂﬁﬂfoﬂ? lca® 2ﬂ's$I hclf Ron® %R Ethick
al um num oxi de, titaniumdioxide) filnms, nmultilayer

adloptvicdalers folbwsd tWo pr ewanghicets oamUditvlaydra)ptleal driaien atléreinate.

trade designations "Vikuiti Enhan
Ref ?%%?18}1’ f?r?(ﬁ&ﬁm’ %ﬁ%ﬂ’icf QaySi Gy V%ﬁﬁgﬂ%ﬁ’s &b isiegive index
valited &cﬁ‘fetsﬁtfndﬁi 8o 1/MBERL ‘stablt, QRAIMaAARATM opital raﬁui units or unit
., and combi nations thereof. A mu tilayer optica

celfsi qaph prang Bxangipesnt miqsplayers of equeliPPticel thyeknessiratiel = 50%), such
|
optgéa#l F%)e!it 1th)% Ar%c JAf Ly% ﬂ%&% ogHﬁJctl% ﬁlte(%ke?%necreﬁﬁﬂwh&%

Ive |n ex cnaracteris

waS6leBzth ngmwﬂcg tHeadvieREt icaltthicRh&E bagrDpEeiIwERAL adli. aTEbkness
m crol ayers. The m crol ayers are suff|C|entIy thin so

gra{dmts dlongha thidkhpsscresddfbe Blnplfor exampie.dhe ghsis) eandrcfuseé o
pr0V1 er\g?a%ﬁecf Ioel?l%% Cbrru ri 1ckggs% gp%ua%n'tv %101 Eief? ];slhear %Cs% and

0 give ayer I Cca esire

edgeef(htetﬁé eclength frammxslsdtweexpmg]@ edflccesn arﬁplmgnru‘aﬁsrﬂuasieﬁ) can
optical filnms desbfned to reflect |ight

alsq be pags 8% discusysdsingl-g; Pyentieky’. 49|Qf(é’\§1ﬁéaewﬁ\ﬁép eFigftnedymeric
mu%ﬁ?er@p%ﬁlfﬂ%@,rreﬁgﬁﬁ)ﬁ%lahas can be designed to have sharpened band edges as

well as ‘flat top’ reflection bands, in which the reflection properties are essentially
constant across the wavelength range of application. Other layer arrangements, such as
multilayer optical films having 2-microlayer optical repeat units whose f-ratio is different
from 50%, or films whose optical repeat units include more than two microlayers, are also

contemplated. These alternative optical repeat unit designed can be configured to reduce
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has an optical thickness (a physical thickness

multiplied by refractive index) of |ess than about 1
WOor@pesster . However, thicker |ayers can al so BE&L/US2009/039057

i ncl uded, such as skin layers at the outer surfaces of

the nmultilayer optical film or protective boundary

| ayers (PBLs) disposed between the nultilayer optica
or foj q><ﬁ§e £¢rtain Bigher-ender ieHectionhelioe ﬁ%angrl@mdﬁ g4 in U.S. Pat. Nos.

I I o) film body can

53%P§§9&§C%gggx§zgﬂ%?19%?%7k%¥ﬁﬁmx%h 3|ve | ayers to bond

t wo Multiapereopsibaldilms@hn bulitdigreyes reﬂfbt aadl orfhiotinpalariztions of light

nate. .In a si e enbod ol ayer
v et Sl RO k] vanipnlalen phHa VST RickRetses and
indr &S ?m@%ﬂ‘ 9101&% 1R viribuVBME axdsaGK ’rmflpﬁgleﬂ o%tlcﬁrﬁlﬁln&ﬁq)e made to
in optical repeat units or unit cells each having two
beladi as e highthy mﬂ@ttagpanmowfforequaibilsoﬁtppbaﬂzamdn ehkhessweaker, less

atio = 509 ti eat un ein
roflpis i g (s BBt ) reg R e Gl of A Thus, for
exdrh@I B th¥iRSEa Y@ \WetieN §llis nal et @ao réR cONRINBlY oIl &idhation of
t hi ckness of  t he opti cal repeat unit. Thickness
hglgtrladlilfeﬁﬁlbleatglﬁg 04 ﬂteIﬂpG%ﬂ’é@ whilg bsingfwoakly refleatingf(wibstantially
BN N N
birsfiap e fSlut(hb pb@lﬁd:r edgetycal atdc wpptepeagthoits ansidrblayer
.between hi refl ecti.on and high transm ssion) . can
thighngsscper lﬁ}ggﬂéﬂyeagpteﬁag filng sanibs designsd torbavermpy ganaongggeflection-
g I
a0 Pl for poliiRlod MY BA Gl I RYS bR ERh-planc axes.
sh amnedvaamf ieddéisiomshevfeddtionsf tdfleation optans@fss@atmayrbe varied
bands, in.which the reflection erties are
by daclicis %IEIfIﬁVJh SS9t one o ety g Ui rawaf%(efr Aitsal .
app E'x&ﬁfnla%nmaglgﬁ rtha{t %)(1? be g&ddan m&tl@atloﬁ ¢ BoBtheric multilayer
mul tilayer optical filns having 2-mcrol ayer "optica
optiep &&hs cani hesfoumbmel’(fT Pablicatips VADPOPS0EAE (Neaym &0949. Bxemplary
fil whos tic epea ni,ts 'nc ude nore t.han two
wipplgiehgar Einalos Bt boBah bat el e s B S HEn (S and
ad&ﬂhﬂeqﬂﬂer-[a@‘/@ﬁﬁihe&iﬁh inclieRt gNEGr palAribiRg GAMilaget RHcdlFilm made

reduceor to excite certain higher-order reflections;
usipgp pescappivish pedoménsntly yaixiahstrstehin g REN/RefEN PEE 0 EH
1
PE%PPSn FﬁTﬁs‘PSaﬁ]tE ]%IQQF %Pé;%%gﬁas eigg%lg ni‘E eqlm)s t? Polg%;thylene

naghilgal e, 'I@OPEND edfarsitg atcogoigmorf od blght ba@@’cﬁﬁpcﬁlt nalpﬁﬂﬁlen@di&arboxyhc
bandw dt h. Through careful manipulation of these |ayer
acigl | PHdn asisesto grlyc é?@é%reblfthi‘lé‘fer af@?ﬁa repirigya cpgolymer or blend

bagtd alg&"['?er%d HRRXERY " {piae ﬁél;stt cﬁ&ta o(f yrfshé &mep§7atlves

ave as a hi ectlv rror or one
andKasgaraf a polyasteizat qopul,yeﬁﬁc(ba]sevad\rmaknpmsel oss]s’hem&lbdmtdthmene
or (nmor

G R AE Sl o DL RPN co.
Ku%Pgl? ?1; I\aI{ d|2(b) ;ﬁﬁ (%JE%ZQ% iR of Sptlcaf fiR hadl b9 Hgtlnibu%ﬁg the process
condltlons of a biaxial stretching process, PEN/coPEN, PEN/PET, PEN/PBT, PEN/PETG
and PEN/PETcoPBT, where "PBT" refers to polybutylene terephthalate, "PETG" refers to
a copolymer of PET employing a second glycol (usually cyclohexanedimethanol), and
"PETcoPBT" refers to a copolyester of terephthalic acid or an ester thereof with a mixture

of ethylene glycol and 1,4-butanediol; (3) for mirror films (including colored mirror
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light in the visible region of the spectrumwhile
bei ng weakly reflecting (substantially transparent)
w0 2009484502 t hogonal pol ari zation axis. Wth thePCT/US2009/039057
appropriate choice of birefringence for the polymer
m crol ayers, and the appropriate choice of mcrol ayer

thicknesses, a nultilayer optical film can be designed
filmy. BEN@’MMAWPEMMM&PWEWN BN PES el PENISPS,

ot of
PEE?S? gon oi)Eﬁ" gﬁgﬁfeﬂ"l;(%}gagh P%ﬂ{/g rﬁhfg?gle [JWQIA refe‘fsstotp\eff’ymethyl
medchdiytlate, rEddhbls farth@’hmpl’asmf pml@édt@@rmml?@t&rr(&im&& @mprise
be varjied. b |ncI di e coatln on one or

cypRqraasdiRebesp! étt%lémwup cih @Pthaime@ cr ghyeph U i) ar y
cym&ﬁh&ilﬁeﬁ%l u‘ﬁﬁ@ c%?nrﬂéf@iqll Qvilﬁ%lef@&ﬁ']i%ﬁ}ﬂaﬁrtﬁ%hncal Co., and

polynmeric nultilayer optlca I'ns can be found I n PCT
TH%ksI a fhatrommy W @ma@msy (almtabqur@n 3M Cpmpeme riipl Rauy, MN.

rof FRAbE R BE R Pl B B E R Ul B o

co@iesdRah BE FalHg; fok %)zarﬁ@l% Rab 8rpai NEs. '51-8812l7|7a)(%nza ct al.),
tical film made usi n%M‘&process wi th predom nantly

629985 Bell (Adken ot o g3 1 PR OREN! aPEFASSOET B2HENeREK et al); and
T/ r

in UF £3E Arg s Db BERAS1 200 A T 7 B M3 UPRp 0037127 A

(Wabggpol ymer or bl end based upon

napht hal enedi carboxylic acid, "PET" refers
pol Y&t Kflestiec- tréwﬁf-ﬁlvf‘aﬂuaﬁaee may éﬁi@rspepléﬁléqrsdlffgsegeﬂectwe

pro‘lb%ﬁ{%'s YSTEL m@¢ nAl SRR BRRG (ﬂéPt‘PéE shif&R gﬁ‘ﬁa B While §S"

ers to syndiotactic ystyrene an
reftdaenvaﬁahmsmss,weaamdfaaastcmposai @ positeyths bpening, th@mﬁlleyta&t er
li.eved.to conprise. cycl oh aned| met hyl ene . di ol

be
traéﬁWltS%Vf‘aﬂHfae@ Pbﬁ}ﬂﬂiﬁlr%@eé’ iyin pyrEace auprhe eesnt g th 45 majping surface

of glﬁ%@ﬁh@%l%ﬁ@r({ﬁdn e optléﬁ'llgg;%gfht face-gl\éznd (49 1if R source. For
pol ari zing nmul'tilayer optical I m made by

cxaneple phd @iven gnay e partodlyssfletndi ifypmdl}oﬁt 1adgrimkiegp maximize the

arcpeRE B BB oL ORRT 1t LS Papa e pgount o

reﬂé@{e?dmghwhﬁfh@ uli:])%t&l)ﬁltt@ﬁieafgﬁt guib& S’ Inrcﬁ»‘lﬁ ehHol@neit, the reflective-

copol ynmer of PET enploying a sec | ycol (usua Iy
trapspeaib o hrexa e isnsesahen ;ubsaﬁualiw@r@ms%ceslrtﬁftm eavity Oéher than the

opt\?\n&?ﬁls&%%{h ace%fanﬁ %%Fal ic acid or an ester ther _eof

a mx ure o ene glycol and 1, 4-butanedi ol ;

( 3) Alngror @lliof e d‘owbrﬁﬁne(ylb’écfd#@kﬁlgpl%pirﬂfspﬁkeﬁﬁ tratsldidehfyBdflective,
PEN PMVAA, coPEN PWA, PET/ PWA, PEN Ecdel PET/ Ecdel
opaspRy Ypsconpipmatiopdherpetn Tspsalty, therpysEsend Aerpepiapmaaings of the

0 S%gﬁc%i'gg MPics 8 Sfleciltécfs&ﬁltﬂm alre Q@ ﬁSﬁlythél%%e (ﬁcd‘iiled server

rmoplastic pol yester copolyester l'ieve
duting the nptendod usy.c Fahewaméd acpobdkyf tat eowmis) may be situated on the

sarf sl R ﬁ@h%@?ﬁ%@f@lﬂﬁa&@&%g %ﬂ?rgﬁ@fcavw Gidnal wdesirable
untdc@f RSB a SRR AR} urfa@racti?®AThe cover may be made of any suitable
material that such as for example, metal, plastic, fiberboard, elastomer, or circuit board.

Optional light extraction structures are useful for extracting light from the light
guide at desired points along its length, typically with a desired intensity level. Many
types of light extraction structures are known including, for example, notches and

protrusions. Examples of light extraction structures and details for their fabrication may
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THV is a fluoropol ynmer commercially available from 3M

Conpany, St. Paul, MN. Further details of suitable
worelovitseayer optical filnms and rel ated desi gns BEIIUS2009/039057

constructions can be found, for exanple, in U S. Pat.

Nos. 5,882,774 (Jonza et al.), 6,297,906 Bl (Allen et

al.); 6,531,230 (Wber et al.); 6,888,675 B2
be faupdefok example, ig|U.$: Pajos. §,.432876 pappeldgrpichal. jaug| 6,8 jge8 B2

. : .al - [0 :

EOREEAH D RS T, Boah BT IREARASRTTAE Fymain
al. )5 pRSA)8as (bundin) 6136@,94 e Lexcdtial/e 670302 t(Lesdin of ali)t 6,683,667

(Lgts; 66688 Uaman b SO AR el sposed
opp @?ti%ﬁalyj' & dFPRRI bl Falyéleﬁlhf clsd BEHIsBERMon$hY Eore and/or

surface or another reflective surface y be present
optoenal pleddiegaf hgltgusles usakingpiactiae bhthe praventt hsclasavd. t These may be

t her, than the.optjcally smooth faces and.t.he |ight
gl g Rl o hise 5 8rn Or P rEnep AR pypeiince
ExE@plaBedifiiSe reféBtineahydfs adetdebibdaStor aingp1é,an MK | Pt 290 td)863,428

area and amount of reflectivity of such surfaces in
B2dkdedinebalincr ease the anount of reflected Iight that

IS inject {.:nt.o the |ight .de(s)...ln one . . . .

by S [ PbF ok e PO Eks i uBRT sl i dsired tiht
emfttifeg @idideOMhA U SIEDYY had/biyfiledrloptits &uphaeesri9fuséfoe TiaMidhy source

ot her than the .O&Ei cally snooth faces and the cover.

maggpmprisgMultgie dindne bight wuragy. weich mgy bethsme, or different; for

IS . tr.ansl: u t i
cx BSOS BB ol PPt SORPRUT . By s of
fibtihgptiepe piurgsy of optiel €ibens esjydredionpled &v & tdndstelgriecated lamp of

riented such that they are away fromzthe vje f an
Sufgiﬁge& RRIYCTgiiriAly 2 M3 R eewaiee&utpé%e.nt %PC%B?E ﬁ’ﬁ?het\,ﬁle fﬁw ypy be

hidkh 8 $iB& o@ﬁﬂ%&e%)er@é(wiﬁgt&i ﬁghﬁhg‘é‘ys%}n.t he sane side
of the lighting system although Tor many applications

t hi $ightipg bpstemsiesiordiing o the pases sizclosore reayele used, for example,

hetical |y t tive. Th : b f
rorZ by Emelndl e (i Sintie oieRe SMPPER AR TrES! Fdhgpeont o
nedi H@Iti'ng?; slfg'nﬁﬁﬁf Bacahion (R eRample, Hncohitepl sﬁgtﬂ?’,ﬁa{hﬂ-for vehicular
| u

~ Optiona extraction structures are usef for
lightyne @en xampld, gatleritrinhightiag) aiglplighiing anagine dighiing gutomobile

. in . i e i - W i .
T e
autdilotet WpRiatds dqoiounspoilctsuglbngthefedpeseofasarveindsved, oh &sfollow the

and protrusions, Exanples of |ight extraction
cuiye of 8 fiyple didadcbidfanatikris. $roprepi ffashemprand gentshhighypamted stop
lani und, for exanple, in U S. Pat. Nos. 5,432,876

ppel dorn et al.) and 6,863,428 B2 (Lundin et al.);

6, 0B3M6idgd sydtemslacroatingto the ps@89isHBuleloan i magt using Jight
gui%’eg eZn7d’ afr l?gzht g'nLJleJcntgolnnco%%)ler(s) according to the present disclosure. Referring now
to Fig. 4, exemplary light injection coupler 400 comprises optically transmissive housing
480 having first, second, and third openings (421, 422, 423), and conduit 430 that extends
therebetween. Each of the first and second openings 421, 422 has an optional respective
collar 451, 452 (not shown), and is adapted to engage at least two end portions 432, 434 of
light guides 405a, 405b while maintaining a cavity 420 therebetween. End portions 432,

434 are capable of guiding light corresponding longitudinal directions 490a, 490b.
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al.); 6,259,855 (Lundin); 6,367,941 (Lea et al.);
6,379,592 (Lundin et al.); 6,623,667 (Lundin);
W®2®633428 (Lundin); and 7,052,168 (Epstein etPEi/U§2009/039057
Optionally, a diffuse reflective |layer may al so be
di sposed on the core and/or optional cladding of Iight
gui des used in practice of the present disclosure.

COM‘@%@T‘W rpfdeqhixp-tiapsnissivg syréase diL04 rrovided by Aptiqngl multilayer
op@HLERH3 13, LR Navir YA SR Gt AR Ao AERTS) AR Sy, gptionsl
muitayqrioptical iltd. 432 1Patz§d dal sh6p£ﬁ® td 28nfBan ¢ddimekinkioas of conduit 460
anf bl S % S B s 3, SAELEY, opiona
rnu(lttllQ?é o'pﬁcal LfﬁBSlez%gé R5t it PMd &5 O@Elﬁl&éﬁ??%?rg Uk @rdsy that are

use he |ight source may conpris
pﬁﬁ@ﬁtlnct Ilght sour ces, which nay be the sane or

col SR TTiSp St o bt UEogadkyropfl e Eatalop aigned

subfstRER11YPérb&sdi Sl Hodtsl rbpeiiveolBhbielind] dB8E N o vEL430 comprises
coupled to a renotely | ocated |anp of sufficient

a 11|gbt/murce|4§5§ﬁlmrwnahmgs ambEDY @mﬂerélégllqo@‘fémd tosensish it ansmissive
hOI\l/SIHEé%Mé‘%’]dJ%{ %cger{fr) i 45%5%’ anc elS I§1rod ?rﬁaﬂe tq_l 1 ?cc?uvé{eg Ihnt%norpgg%g '¥85f

opaCtl9 teinfigistiOe hogsiny @BFILEIH Ihgh‘ﬂ @ﬁtﬂe@SUﬁMe@ﬁc&l@&dmné@éd to wires
exanpl e, for: architectural gllcatlons (for examp
463.d¢ é’s@é’&all qogﬁwrﬁgaﬂoarwmthp .T@ﬂbrsc Fe-tippvnisd et fase 4 Mh that a

ma dr n}t%dglgc)ef aél 'é 1tt@§ @Ilfph{: Hé%?%ﬁ% E% s%ﬂ%ﬁ? y(ﬁé reflective-

tramngl{/@surfaba,l 1hﬂud1hg Iany hutgb@uemgre-r&ﬂshmnl fr(ghl bth&g surfeges mdjacent

ht.i n aut o b|| ghtlng nd airc
to tfhs a@;ya%%qi ) eclt nfq { :inﬁigs ?;gft né e432S sucﬂ%)mt a

mlﬁéﬂﬁwf?&d d&nd I@i%h{ @rﬁ&ﬂe@ Bs I%HPibu?c% 4559% {r%s?mtté'd Qﬁ‘&gthhcﬁe
edges of rear w ndows, “or to follow the curve of

reftectuvdetrhnsthissaes sirdec A mtbroghélneg@mgﬂlf fraisshessye lamsmg 480.

C oo Rics RIS hRRmERY be 8 bR RRS Drtis

trahdnBifdivOmbReilsanch & fol 8Xdmpl 8 Bak] Qre Ogﬂitﬁfs s8dh as, for example,
according to the present disclosure. Referring now t o

polyrgersapolesrainpt, @pVOIqﬁgﬁ,tstyrﬁﬁné@pl oeredoptxampigpolystyrene, ABS

ple§RIPAI SRR oY NS SRt BBhA AL BN g

econ openi

optieigttahsASOive h&ﬁsn@(i &{miﬁsnﬁrﬁes‘ ﬁh;e vk @ondEp@tioRd 510N 6 12 flexibly
first and secaond openlnqg 421, 422 has an_ optiona

connegisd by ikfrgecw0l AYhangpscrabiod, fhgand wermy, pogms .%%%i&pﬂr% fpstened
ond B £3ERY By 3lind ALl YR RPShRA &S P85 0141;&2530.4 A suitable

mechanical fasteners include rivets, screws, clamps, clips, and combinations thereof.
The disclosures of all patents and publications cited hereinabove are incorporated
herein by reference in their entirety.
Various modifications and alterations of this invention may be made by those
skilled in the art without departing from the scope and spirit of this invention, and it
should be understood that this invention is not to be unduly limited to the illustrative

embodiments set forth herein.
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i ght gui des 405a, 405b while maintaining a cavity 420

t her ebet ween. End portions 432, 434 are capabl e of
wQ@eioditsug7d i ght correspondi ng | ongi tudi nal di r eRET/O82909/039057

490a, 490b. Conduit 460 has reflective-transm ssive

surface 410, provided by optional nultilayer optica

film412, adjacent cavity 420 and opposite third
Vwﬁﬁeﬁﬂﬁgwdzs As shown, optional nultilayer optica

f|In1412 is sized and shaped as to conformto

of con 460 and openi ngs 421, 422, 423

I.SUEEP§ SYMPnt gﬁp' il agai nst conduit 460

Typ hﬁﬁéﬂt)gmdépbdtphbw ofigulding Byterin @ptchgetivé Idnmitddidalddestions,

not extend beyond any optional collars 451, 452 that
cachyof the wdiaht guléﬁ%reﬁléﬁc%V@M sompusing 340reApgd e dptiedlnamooth faces,

4
theS ttlg%l % W&%g?%@% ﬁge%&@ﬁyyﬁ%g ?lsblsggtg%l C]IEE:I?/endlculalrly to the

n1kﬂp@ﬁbudmgﬂh¢dﬂﬂbmmmmm Cover 430 conprises a |light

sour ce 455 é hqgg here .as an L%g) Cover 430 is

af f IHEBYIED © %% f PyaYIHEHSASEY ¥CH@@§WH§aHSB@B9ganda
ref&%ﬁ@é’\@afsﬁﬁsﬂ%u&ﬁc@%}ﬁsﬁ@{ﬂ% CniAPAnOe& ia[c@nt to two of

openi ng 423 of optically transm Ssive housing LED
thdomwmﬂﬁsumnbﬁ¢55anélectrlcalIy connected to wires 465,

of P Rer R ESPra RO TIobE it o s B Savities andgeclyding e

op&ffids SFIOh caMes tHEMH coRBistrtGRcAVPMdrhSiNinSR HFHtesoth%s {rSoptical
ref ect ed bé the reflectivetransm ssive sur ace,

comﬁwnwatlmwa ;vh%r@Eise@qlafefeﬂectethéEMSQmSiV@wuffamOcEﬁhvetr cavities, a

rf it C

R 5RO SR SRR UGB
respedtive @éﬂd@ﬁﬁf&-h@ﬁlsrmﬁm%’lwrfalc@sh(ﬁftﬁérh tcheitledynd mghtedsmu Itlﬁ)e&m light

455 is transmtted through the reflective-transm ssive
guidg, RBE & MIN0F RASHOR P BIYJHEDE ABitgyChr P ikl sonises being gransmitied
thr&?%ﬁ'h@?e égglve -lr-g't?ecﬁ% 'tt%ﬁ'&hﬁs&% ?Lﬂﬁt%ssoc‘f} tHE nIEQHﬁbpgh ﬁtt@@ from

nmade 0O sultably opti cal transm ssive materi
ﬂmsthngSyﬁ@n exanpl e: glass quartz pl astics such as,

for poI esters | yol ef s,
sty fic glo%n;si lrtdﬁs?ndé&@wy %gersptﬁﬂkfg? g e ONABS
pl astic), and conbinations thereof. In one exenplary
enbodi nent, shown in Fig. 5, optically transm ssive
2. houdhalgh8® systepr ¢fsdan' |, vdicramth seodleds then ni ons 510,
512 flexi bly connected by hinge 520. Wen assenbl ed,
first and second portions 510, 512 are fastened one to
3. anotrh@hﬁmn yIRANGI 4l 1, InaghenBEinghown as snap clips
er suitabl e nechanical fasteners include
rivets, screws, clanps, cllps and conbi nati ons
t he C o
1. eI SRE RS 2B L BB 01 e of o snyies
beily integrel e Agmet fin htledst s@ﬁ& bf it yn light guides.

5. The lighting system of claim 1, p of the n cavities being substantially contained
within p respective adjacent optically transmissive housings, and any light transmitted
through the respective reflective-transmissive surfaces of the p cavities and emitted from
the lighting system passing through a respective adjacent optically transmissive housing, p

being a positive integer less than or equal to n..
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Various nodifications and alterations of this

i nvention may be made by those skilled in the art
wawrabhoses7departing fromthe scope and spirit OPCT/HE209/039057

invention, and it should be understood that this

invention is not to be unduly limted to the

illustrative enbodi nents set forth herein. Wiat is

claimed is: 1. Alighting systemconprising: mlight

gui . i i ' t . .
6 PR LA Lo RO LLBRL) 5 LERRARIHHE o i
compsgeg b lighl gxtracugpr ¢lsmag. a core and two optically
snoot h faces, the optically snooth faces being
respectively aligned substantially perpendicularly to
7. the T [ieRMRCHING (!)foefﬂg'otne depalmdi fcf@ita't RS on of B f 1@ sources

each of "the cavities respective conprising an
compesing g lightenaittresfdieds. i ve-t ransni ssive surface opposite
the opening, the cavity being adjacent to two of the
optically snooth faces; and n covers respectively
8. di spas adh@th AGRA oft@hylong ofclamd | tEP, aandstemeloeinplighi8ources
openi ngs of the n cavities, the n covers respectively
comphpng 8 phgaliy of Hilt cswtimgelodas, wph hewng e duiisiteatoron
with the respective reflective-transm ssive surfaces
of the n cavities, a major portion of any |ight
9. em Thetghtirgayksiae ¢f dniy@PAt of OlATEEE tdo&ian (taktefnk &F tiech Byht sources
the respective reflective-transm ssive surfaces of the
COMPEYE 1 articshfbergrastlbacquptcd to Adamp i ght gui des, and a
m nor portion of any light emtted by the n |ight
sources being transmtted through the respective
10r ef Taelighténd syarrano fssiy\oae sfichanes tood, at kastrone @y ild resavitied
emited fromthe |i hyjl sstqp wherein.mand n are
reSpe iR OB 1SS aPegEly toRlgptivg Taticgtivedrasmisiye surfacpn o
lighting systemof claiml1l, wherein mis not |ess than
n. 3. The lighting systemof claiml1l, mand n being 1.
114. Thelightgrg sysgmsyfsingronedf alaymohew Yfat bastiome of theo Gyvitads

reslpgcatlgztplylscggg{rgf :?2 1g?m¥¥]a¥eift%icﬁ$‘?egr%ﬁiecg&ei&m E&gsfé‘fv%ﬁlélffé’{e@d

lighting systemof claiml1l, p of the n cavities being
substantially contained within P respective adj acent .
120pt iThalighting st efsiny@nhobisiangs! taahld ablegstiongkf the m light guides

j t . 1 hr oygk respective
ra*é F§5%¥%@g§%%ﬁgﬁgg§%§§f3urfaces of the p cavities and
emtted from
13.  The lighting system of any one of claims 1 to 12, at least one of the m light guides

respectively comprising an organic polymer.

14.  The lighting system of any one of claims 1 to 13, at least one of the m light guides
respectively further comprises a cladding on its core, the cladding having a lower index of

refraction than the core.

15.  The lighting system of any one of claims 1 to 14, at least one of the n cavities
having a respective reflective reflective-transmissive surface that extends up to its

respective cover and optically smooth faces of the respective light guides.
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the lighting system passing through a respective
adj acent optically transm ssive housing, p being a
Wpomoi34322 i nteger | ess than or equal to n..6. AGEUS2009/039057
lighting systemof any one of clains 1 to 5, at |east
one of the mlight guides conprising a |ight
extraction elenent. 7. The lighting system of any one
of clains 1to 6, at |east one of the n light sources
conmr [ . Lting . diode. 8. The lighting
163 ?fl’elll gﬁlolnocggﬁlgfma%aé%'l to 7, at |east one of
t he am obﬂlcgiﬂ'lty tmosmsese boudig Isivirgs @rsplsedoatl) 4nd third bpgtitgs;

emtting.di odes, each having a dlffe nt, col or.
|1 GREPRRESSndHiediersrgn Bh 53 Seng gl ird ppgning. chiduthe firs
an®B&ofRd o ;ISéﬁ‘?ngA b'ein% aptay! E&S%pg@ FREAsE W@e%t | SREMCEH at 1da0&ne light

optically coupl to a ng system
guidf w.imly nometamfing:d edvity thercbﬁt®¢emthel at bt tioeendfpottivms heing capable

T G A I ———

havih@ B M@ti SO &b AMiINivARN 0O 8djREcnt toAthBBadityt #hdDppdditel tBa&ird
one of the n cavities respectively conprising a

opgfiifg, anethe at ddabietpvo apds each) haging\ea opticalhsimanth {asc gligicsce.
subsfanflja{-lg)ZPétlggtllq(ﬁclﬂgrtl Si%s%lregp%% 1\‘;"6nl>6n ?udn?a{el éiggc?* Vellyt o 11,

CoNplcbSdritgmpriking i 1tglhescﬁﬁadse¢ thelc%vermeeng affiRed Ohs YElweMp aﬁfd
any one of clains at | east one of the mlig

dlS@Qﬁedé’;fP’?l’é@\@é@ #ng eP%lu%%rB}eu thirgh g HPthe heushes. Wa‘elaght iqurce
f
beif g AL AR AR Ol VB B rlelPe Spe, o o major

poniommf hse h'gla euiiaeujfrn@ tbalightsou@e & reflb@ed bypdai rofiedtiaeitragsmissive
X of action than the core. 15. .The )
Sur?%caﬁﬁﬁ yed ’tné‘?ﬁhﬁfat Li‘ﬁv ftaﬁt@néfse%qn&. pQrtiogs, zi.lg vifierqig g gyinor

poﬂ?{(‘,ﬁ o@fan§ thtrbrrﬁﬁé’d 53} iR lﬁﬁif Mﬂlgce%e!ir%we%hht‘{&i t'hFoflﬂ R&itd MBective-
efl ective -transni ssive surface that extends up to

tmnﬁsme@ﬂgﬁmeeed&mm&mihmdmnpﬂy@ahhywsnwbwmmﬁaces of the
respective light guides.16. A light injection coupler
conprising: an optically transm ssive housing having

17f1 1 She ligRGaRSioRESHpIdRioF B2 8 6] A $oflcdti Ckntissevd RIMELOBeing
between the first, second, and third openings, each of

spachlarlyirefiectisnd second openi ngs bei ng adapted to engage
at least two end portions of at |east one |ight guide
whil e maintaining a cavity therebetween, the at | east

181 wo TAatightdhjct Bascdilon@f cafal b etho tefpdtivh-tiandnigic duffadé being
| east first and second respective |ongitudina

diffjspvsbt ieHag1vet he condui t

19.  The light injection coupler of any one of claims 16 to 18, the reflective-

transmissive surface comprising a multilayer optical film.

20.  The light injection coupler of any one of claims 16 to 19, the light source

comprising at least one light emitting diode.

21.  The light injection coupler of any one of claims 16 to 20, the light source

comprising a plurality of light emitting diodes, each having a different color.
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having a reflective-transm ssive surface adjacent to
the cavity and opposite the third opening, and the at
WO 2@sm345t® ends each having an optically snootPCT/EE209/039057
al i gned substantially perpendicularly to its
respective |ongitudinal direction; a cover conprising
a light source, the cover being affixed to the housing
and disposed proxinate to and occluding the third
22.09‘3!%9 %U{-}‘OI{‘P ie?%f aﬁyﬂgnejh fgé“ah SqU&81 RRL ﬂ%ht' sBurce
optlca nlca e Teflect] ve-tFansm Ssive
compﬁﬁagenommmlﬁbaw@nmﬂbokmp&mnoammnp.any light emtted
fromthe light source is reflected by the
reflective-transm ssive surface and injected into the
23at hﬁ@ﬁ%htf 1hfe§ﬁot§&g1 ﬁ@%@@ﬁ’y &0 Rt %% 2@'}146 &ﬁtﬁ’aﬁ&l Braflsmissive
m nor rtion of [1Tght emtted by t 1 ght source
holbsailgl@mmmﬁiltst msﬂ semr@ijfgmwrtseﬂaxdﬂy ecmneaetil’oarashmgs anethe first
urface hro 0 ca SﬁlSS ve
and 567 Bortos berhlihgh BSiRPLfte el bERER 15 ERomertpgica!
ﬁg&ﬁkreflectlve transm ssi ve surface being specularly
reflective. 18. The light injection coupler of claim
16, the reflective- transnissive surface being
24.glol;fgﬁ§ Ih\éﬁtfl}{]aecﬁo oﬁoeupi V%f %eTo_Ir_kgcle%lmg ;1% to ?% ‘%tleagt one of the first
and §fcbed bpetﬂtgs&aﬁmlsﬁlg\a&e@eeﬁmuampr ising a multilayer
optical film 20. The light injection coupler of any
one of clainms 16 to 19, the |ight source conprising at
| east one light emtting diode. 21. The |ight
i njection coupler of any one of clainms 16 to 20, the
light source conprising a plurality of light emtting
di odes, each having a different color.22. The |ight
i njection coupler of any one of clains 16 to 21, the
| i ght source conprising an optical fiber optically
coupled to a lanp. 23. The light injection coupler of
any one of clainms 16 to 22, the optically transm ssive
housi ng conprising first and second portions flexibly
connected by a hinge, and the first and second
portions being further fastened one to another by at
| east one nechanical fastener. 24. The light injection
coupl er of any one of clains 16 to 23, at |east one of
the first and second openi ngs conprising a respective
col | ar.
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