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5 FIELD

The present disclosure relates generally to light guide-based lighting systems.

BACKGROUND
Optically transparent materials (for example, glass or transparent polymers) may
10 be used as a light guide to propagate light. A light guide typically includes at least one
surface adapted to receive light from a light source and an optically smooth surface for
reflecting light propagating through the light guide. Common examples of light guides
include optical fibers and/or rods, and planar waveguides.

Light guides are also used as components in lighting (that is, illumination) systems.

15 Typical light guides have an internally reflective relatively high index of refraction core
and an optional lower index of refraction cladding disposed on the core. In these systems,
light is injected (that is, enters at an angle less than or equal to the critical angle for
internal reflection by the light guide) into at least one end of a light guide and allowed to
exit the light guide at a predetermined position or positions along the length of the light

20 guide. Methods for encouraging light to exit a light guide at a desired location are known
as extraction techniques. Many extraction techniques cause light to leak from a light fiber
in an uncontrolled fashion. Such techniques include subjecting the fiber to relatively 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

25 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.

30

SUMMARY

In one aspect, the present disclosure provides a lighting system comprising:
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respective reflective-transmissive surfaces of the n cavities and injected into the m light
guides, and a minor portion of any light emitted by the n light sources being transmitted
through the respective reflective-transmissive surfaces of the n cavities and emitted from

15 the lighting system;

wherein m and n are independently integers that are at least one.

In some embodiments, m is not less than n. In some embodiments, m and n are 1.
In some embodiments, at least some of the n cavities are integrally formed in at least some
of the m light guides.

20 In some embodiments, p of the n cavities are 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.

25 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

30 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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?2”%;? ;s\}{ggfn%;%tghp gfy R ng%]r,slfslgg gur qc%l afdjfa%glﬁltg th reegalvffg(l: tan(Y opposite the third
opening, and the at least two ends each having an optically smooth face aligned
substantially perpendicularly to its respective longitudinal direction;
a cover comprising a light source, the cover being affixed to the housing and
disposed proximate to and occluding the third opening of the housing, the light source
20 being in optical communication with the reflective-transmissive surface, wherein a major
portion of any light emitted from the light source is reflected by the reflective-transmissive
surface and injected into the at least first and second end portions, and wherein a minor
portion of any light emitted by the light source being transmitted through the reflective-
transmissive surface and through the optically transmissive housing.
25 In some embodiments, the reflective-transmissive surface is specularly reflective.
In some embodiments, the reflective-transmissive surface is diffusively reflective. In
some embodiments, the 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
30 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-



WO 2009/ 134572PCT/ US2009/ 039057 sone enbodi nents, at | east one of the m

| i ght gui des respectively conprises a flexible core. In sone enbodi nents,
at | east woeo@f13831¢ m | i ght gui des respectively conpri s@STAS2@9H3905T

pol yner. In sonme enbodi nents, at |east one of the mlight guides
respectively further conprises a cladding on its core, the cladding having
a lower index of refraction 5than the core. In sonme enbodi nents, at |east

one (for ROKEERsIbEIngdHEherfasienedrane o agptheyibyyat bpstane mechariralifesgengasing

respect i vg f-elliGlhdes, bf AISThE SEUR M a%gcotnla%tpe )ﬁése&qﬁ s b PeshEive .
opt it H% |ght gui des

respective cover an I'cally snoot aces o e-respective

I n anot hewllaspect, the present disclosure provides a light injection
coupl er conprising; 10ap optically transm ssive housing having first,
second, and t MV&%@@@WSEVQ,@,S& ting sys ealscaaﬁ%rgl_ ng t%&heema%eﬁbdlget%%m P& first,
second, - 396tiddd A RRANIRY HrodACHrAlork S rlifofh IRAIRESRNHv ARERINS 102! N
adapted to engage at least two end portions of "at | east one |ight guide
whi | e nailenghgicspyerlly avhich wiavedrfedre dwemngs tyhealadf thaasitendod appldapar.t i ons
bei ng capabl e,.of iding Light in | east first. and, second respective
ongt't ua e e eairons Pape bt for Eisebhliliofo pEE IR bPER SRl ve
surface agitRCREHtingQy$thd i6 ANpIranBNEkMRNOSItsach Agplichiis ifNeM Ndhicl@Rfint he at
| east two ends each haV|ng‘an optically snmooth face aligned substantially
per pendi dightingarelutectusal lighies tand commegialiseinagd. di rect i on; a cover
co ising a l{ight squr h over..bei.ng affixed he h I hg and

di gg((g)s ed pr oxilﬁg @etegl%gﬁﬁnegésc?%sg}eﬁgaltl e%%i]%' l(ﬁghélf)l r??’%]tgm(gﬁl gctoﬁ(ggaitjouang, t he
| i ght soyrern2dibgodific may OGP totahicdd b cart iusidg\Wghhgilil& in combination with
reflective-transm ssive surface, wherein_a major portion of any |ight

em tted fANGRr Mese [ighfriricetingy coupless 3esprding 1Be PEpCRIESHHASEICct | ve- t r ansni ssi ve
surface and injegl.g6.ifj.0 the at least first and second end portions, and
wherein a mnor portion of any light enmitted by the |ight source being
transmtted tHoppgiitetieopeafig it refeetacaosi wfecateyegtuntmosivasdriaderoegh t he

optically transm ssive housing. . . . . ,
P i§ X[ha‘[ at least a portion ofo tlljle rer}%ctlve-transmlsswe surface is opposite the opening,

although the reflective-transmissive surface may extend beyond that region;
"disposed proximate to and occluding” means covering or disposed within and
blocking transmission of light;
"injected into a light guide" means that light enters the light guide at an angle such
20 that it is internally reflected and guided by the light guide;
"light guide" refers to an object that can guide (that is, propagate) light through
internal reflection within its body;
"light" means visible light;
"longitudinal direction" as applied to a light guide refers to a direction of
25 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
30 transmitted from one to the other either directly or indirectly using optical methods (for

example, reflection, diffraction, refraction);
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present disclosure;
Fig. 2 is a perspective cutaway of an exemplary light system according to the
present disclosure;
15 Fig. 3 is a perspective cutaway view of an exemplary light system according to the
present disclosure;
Fig. 4 is an exploded perspective view of an exemplary light injection coupler
according to the present disclosure; and

Fig. 5 is a perspective view of an optically transmissive plastic housing suitable for

20 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.

25 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

30 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
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either directly or indirectly using optical nethods (
Another exemplary embodiment of a lighting system is shown in Fig. 2. Referring

now to Fig. 2, exemplary lighting system 200 comprises light guides 205a, 205b, 205¢ that
are capable of guiding light in respective longitudinal directions 290a, 290b, 290c. Light
guides 205a, 205b, 205¢ respectively comprise flexible cores 275a, 275b, 275¢ having

10 respective optional claddings 280a, 280b, 280c¢ thereon. Lighting system 200 comprises
two cavities 220a, 220b situated adjacent respective optically transmissive housings 250a,
250b. Each of cavities 220a, 220D is, respectively, adjacent two optically smooth faces
225a,, 225b; and 225b,, 225¢), and reflective-transmissive surfaces 210a, 210b opposite
openings 235a, 235b. Optically smooth faces 225a,, 225b; and 225b,, 225c¢, are aligned

15 substantially perpendicularly to respective longitudinal directions 290a, 290b, 290c. Light
guide 205 has optional light extraction elements 285a, 285b, 285¢ distributed along its
length. Covers 230a, 230b, respectively, occlude openings 235a, 235b. Covers 230a,
230b comprise respective light sources 255a, 255b (shown as light fibers) optically
connected to lamp 265. Light sources 255a, 255b are in optical communication with

20 respective reflective-transmissive surfaces 210a, 210b.

Yet another embodiment of an exemplary lighting system, wherein m and n are 1,
is shown in Fig. 3. Referring now to Fig. 3, exemplary lighting system 300 comprises
light guide 305 that is capable of guiding light in longitudinal direction 390. Light guide
305 comprises core 375 having optional cladding 380 (not shown) therecon. Lighting

25 system 300 comprises cavity 320, situated adjacent optically transmissive housing 350.
Cavity 320 is 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

30 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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or many-sided profiles, and flat sheets or panels. For example, the light guide may
comprise a cylindrical guide (for example, a polymer light guide designed to emit guided
light at one or more points along its length), or a planar light guide (for example, a sheet or
ribbon). Further details concerning light guides and methods for their manufacture may be
10 found, for example, in U.S. Pat. Nos. 6,039,553 (Lundin et al.); 6,367,941 (Lundin et al.);
6,259,855 (Lundin); 6,367,941 (Lea et al.); and RE40,227 (Cobb, Jr.). Light guides are
also available from commercial sources; for example, as 3M Precision Lighting Elements
(PLEs) from 3M Company, St. Paul, MN.
Many suitable cores are known in the light guide/optical fiber art. The core is
15 typically continuous, and may be made of a material or combination of materials that is
sufficiently transparent and internally reflective to effectively propagate light along a
longitudinal direction (typically for a distance of at least 10 centimeters, and more
typically at least one meter). Examples of suitable materials include glass, quartz, and
organic polymers (for example, thermoplastic and/or thermoset polymers). The core may
20 be solid, liquid, or hollow, typically solid. The core may be flexible or rigid, or anything
in between, although for many applications flexibility is desirable. Exemplary polymeric
cores include: acrylic cores, for example, as described in are described in U.S. Pat. No.
5,898,810 (Devens et al.); and urethane cores, for example, as described in U.S. Pat. No.
6,379,592 (Lundin et al.). The core typically has a refractive index of at least about 1.45,
25 more typically at least about 1.50 or even at least about 1.55. Methods for forming
suitable cores are known and include, for example, extrusion, molding, and drawing.
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
30 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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surrounding the first layer comprising a thermoplastic polymer (for example, a

polyurethane), and (c) a third layer surrounding the second layer comprising a
thermoplastic polymer (for example, a polyolefin). In general, the optional cladding, if
present, has a refractive index lower than that of the core on which it is disposed.

15 Typically, the index of refraction of the optional cladding is at least about 0.05 or even at
least about 0.10 less than the index of refraction of the core. Both clad and unclad cores
are suitable for use in the present disclosure. Further details concerning the optional
cladding may be found in U.S. Pat. No. 5,898,810 (Devens et al.).

If integral to a light guide, a cavity may be formed (for example, by molding) at

20 the time of fiber manufacture or fabricated at a later time (for example, by laser or
mechanical machining). In those embodiments in which two light guides are used to form
a cavity, the cavity is typically easily formed by a coupling device (for example, a light
injection coupler according to the present disclosure). The size and shape of the cavity are
not critical, although they should generally be selected as to maximize injection of

25 reflected and/or direct light illumination through the optically smooth faces and injected
into the light guide(s) at an angle less than the critical angle of the light guide.

The reflective-transmissive 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

30 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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Anot her exenpl ary enbodi nent of a lighting systemis showm in Fig. 2.
Referring nowto Fig. 2, exenplary lighting system 200 conprises |ight

gui des 2080,20084572205¢c that arc capabl e of guiding |i gRCTIUS20009p61 i ve

| ongi tudi nal directions 290a, 290b, 290c. Light guides 205a, 205b, 205c
respectively conprise flexible cores 275a, 275b, 275c having 10respective
opti onal claddlngs 280a, 280b, 280c_ thereon. Lighting system 200 conprises
two cavi theal exodn(forcxgmpls, pluatingm aajdse bianiupedisside) fnsoptultdayqreptiednsni ssi ve
housi ngs W dj acent
t wo optléﬁ?ﬁ?ﬁg%g%?%bfaceaﬂgaga%kgygég%%gﬁsgééggﬁ, H%@%%?E%%gygﬁ&mkﬁ

refl ecti VRefterton $Fithe oir VEilsiiti Dacbde Bﬂl&apecﬂﬂlﬁﬁcutapﬁeﬁédter Bipeni Mgal"Zaa 3M235D.
Optical ly, snoot h_faces 5a2, 225bl. an b2, 225ci are aligned

15subst arftQaPany- %fe?b%ln%fﬁ\ﬁumwﬂ tgiices fediatve | ongi t udi nal directions 290a,
290bs  290c. Li gt 194 dpata ﬂ?ﬁs(f&l[&hﬁ?ﬁ' EO H{enemeﬁag&% ghammal s 285a,
285b, 285c distributed g long its |eng vers 23 308 respectively,
occl ude dpmnﬂhgmcmﬁﬁmpdﬁﬁﬁblm@uvby@828®agdﬁﬁ@@nchpmwsGuhgsb@aunmﬂwb|ght

sources 25 255h. (sho | L ers tlc gonnec, ed.to np 265
Cant soapdbt 5588 1ehBagt e a e s B atn AR SRIRe R e rusBiaiRLe
reflecti vge wﬂia@fmys £ty §o fhdf Iﬁ?(ﬁ@@ﬂe%ﬂ&labt adhiBlity of the indéefac@NAdBgoegMbOdi ment

of an exenplary lighting system wherein mand n are 1, is shown in Fig. 3.
Ref er r i ngFongiuctige Pl destrgctivexdatepliceanye in Q}ﬁ@ﬁ tn@nswth@ émltgamermﬁmlufé@gm i ght

gui 305, th capa n | i on 390.

Ci gﬂ(? guld tsn%%%ahgctlve orgrggsrfc?lg%lgg % ﬁles or rnu tlla gp ﬁafif&ggs deshgélg& E ot shown)

t her eon. rbﬂgmllgn@t&ﬁﬁ@vsdlamﬁme wﬁ@armﬁﬁsrea amvtalynglag cadt ﬁﬁb&ibleﬁbrég@haﬁﬂﬁt
optically transm ssive housing 350. Cavity. 320 is adjacent twp optically

snoot h f @e4n gptige] th 1@9@&2(615\%%819@@1@%@@8@/@1 tidisd by gefiracdive idestef I8s¢hipposi t e

tiall
por pendi Py { iRy, BEREH, HAREIIER i yREBE feRldRa Ak RIS o
l'i ght extthacttcosurbensiths ma8Baytr opticdd il dorgirotegtivd oundagtioyerd@Birs) 330 i s

pro mate .to d 300cC Iu S, openi.n 35.. Cover 330 c rises lig source
55517 showtisRsechis WP e lagr flﬁfﬂﬁ@ﬁﬁhaéémaéw eéaogglyém gfavmlyg%qﬁ)m ied by

W res 30%michiifeh! SIRNIGRIEATFOR GPIPBodY ol ol BfihAGH Y- driAStehige! Ve

adhesive layers to bond two or more sheets of multilayer optical film in a laminate.

In a simple embodiment, the microlayers can have thicknesses and refractive index

values corresponding to a 1/4-wave stack, that is, arranged in optical repeat units or unit

20 cells each having two adjacent microlayers of equal optical thickness (f-ratio = 50%), such
optical repeat unit being effective to reflect by constructive interference light whose
wavelength A is twice the overall optical thickness of the optical repeat unit. Thickness
gradients along a thickness axis of the film (for example, the z-axis) can be used to
provide a widened reflection band. Thickness gradients tailored to sharpen such band

25 edges (at the wavelength transition between high reflection and high transmission) can
also be used, as discussed in U.S. Patent 6,157,490 (Wheatley et al.). For polymeric
multilayer optical films, reflection bands 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

30 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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WO 2009/ 134572PCT/ US2009/ 039057 Li ght gui des generally conprise a
core and an optional cladding. Typically, the core is bounded by optically
snoot h suwbae@s134pti onal |y i nterrupted by one of nore PCHRIS2@08MET 1 on
structures that direct light out of the light guide. They may have any
shape that is effective for internal reflection and propagation of |ight.
Exanpl es of suitabl e shapes 5and configurations include, for exanple, rods
havi ng r cUrel cx&igeartain hagher-gde sgflectonsh ipsegample, pradppersheddn Upp dtatiNes; and
flat she . r I i gui de may conprise a
cylindri ?a%‘ﬁ‘?ﬁ%q%%rete'%@@@éﬁéﬁ%@k ?Jl%l)nt gui de designed to emt

gui ded |i ght avubitkeycooptimat &lnocantte debigngl fotrsfléapgt b hotb polriphtamaof liglght

gui de (for ex le, a she ri pbbon).. Further details concerning |jght
Qui des. amyeherbASE Grdpnghe %ﬁw@?&e&e | g lfion o tson Yo tickogasprd Vi n
U. S. 5 Pat .in Ne& ofGcfaJion 2fnelthO e fbu8 thildlaxds, (& rﬁ@l?ﬂ%éﬂ-%ﬁﬁddpﬂln@ &t b@hads to
6, 259, 855 (Lundin); 6,367,941 (Lea et al.); and 40, 227 (Cobb, Jr.).
gui des artehavesas advglly atflestif-e omreoionmencisds oSmlataspn fand agxavgeker, leas 3M
Precision Lighting Elements (PLEs).from 3M Conpan t .. Paul.. MN. Many

Ui t abl o TEQFLNC ANEORITENR HRTRE P Ghi U e G be AT Polei oty Thnis cor e | s
15t ypi caldimpRNtHcH@HRycesichBy nRendpsietuatd & Bt kirghglPbné poRHAAon @R Of
materials that is sufficiently transparent and internally reflective to

ef f ect i vdight prtbpatsilerdgiapf the snegtram| oty hoind weakldrofleetinglsulpstansialal |y for a
di stance of at | t 1 ent | 2r S, and 8 icall t. | east one

met o) el BF b St R dhamion 35 Rl n’ Wit efioe S ana o gani ¢
pol yrer s HifeBfing@Xed o €he ot@hemplcasihydes, and e apphspiiaRssibidelf yilelosyer The core
may 20be solid, liquid, or hollow, typically solid. The core may be

f1 exi bl e tBickngsggsga myytilaygromtiey) filg %@Mﬁgn% o RaYRHOT B iakam 9f iehestiatat i ons

1 oxi bi | i . . » . 7 . ,
For " exarpl S RHTMARLE KGR AL K RAKIREHE: TR TRpgPLRER LPEBY ™
(Devens et al .Alteraattvelyr, et heatelitoarths fraftam aheefiquition t@sadesssiorbedy bavatidd. Pat .

No. 6,379,602 (Lundip ef al.). The core typically fias a refractive index of

Li ght

Exemplary materials that can be used in the fabrication of polymeric multilayer
optical films can be found in PCT Publication WO 99/36248 (Neavin et al.). Exemplary
two-polymer combinations that provide both adequate refractive index differences and
adequate inter-layer adhesion include: (1) for polarizing multilayer optical film made

20 using a process with predominantly uniaxial stretching, PEN/coPEN, PET/coPET,
PEN/sPS, PET/sPS, PEN/Eastar, and PET/Eastar, where "PEN" refers to polyethylene
naphthalate, "coPEN" refers to a copolymer or blend based upon naphthalenedicarboxylic
acid, "PET" refers to polyethylene terephthalate, "coPET" refers to a copolymer or blend
based upon terephthalic acid, "sPS" refers to syndiotactic polystyrene and its derivatives,

25 and Eastar is a polyester or copolyester (believed to comprise cyclohexanedimethylene
diol units and terephthalate units) commercially available from Eastman Chemical Co.,
Kingsport, TN; (2) for polarizing multilayer optical film made by manipulating the process
conditions 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

30 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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25nore typically at | east about 1.50 or even at |east about 1.55. Methods
for formng suitable cores are known and include, for exanple, extrusion,
nol di ng, wodoadvswi’ag. Alternatively, the core nay be obPaTasdo0dso5a
commercial source. Likew se, a wide variety of suitable cores are known in
the Iight guide/optical fiber art. Exanples of naterials useful for the
optional c¢ladding include heat shrinkable 30 materials, elastoners (for

exanpl e, filmsh REDVBMNLA. erRENSPYNAS PERAIN M. REN/ EpdslyRF WErdaheZEN/5RY

nb. t f "y
g?od:nr:]? sllﬁqﬁ%gt]?tﬁ?%%@c}gt I\{dé%géoyﬁ orotr |\? I‘g%errg)é hy gc;nlcrae’,li)&L ¥d*§61&ﬁ1@&1519”
hexaf | uormghapelat, Evdlemyd a thenﬁoﬁldlsm@rplomster WM20POBB4 R SABIARITS LiEARHE 039057

per fl uoroal kyl vin rs, trifluoroethyl ene, and nblna i ons thereof).
An exenplSF ¥1 élFarg ?‘tﬁb‘B}t?rPQLYt?tF?équﬁ]&P@%netq‘i@er RS, 48¢ on product of

tetrafl Pébg@%h@%dn%&%letﬁh%?ﬁﬂdé ESRMARGE av@f‘&blé’ From Eéi?rﬁéh éhé{ﬁl hld@o and

The opti I'y smoot h faces nay be any 'suitable surface, including, for
exanpl e, EISGHs eﬁneﬂopuhynwovxommewqibil dveHele snonf Wé?orﬂi’owyo@t Padl MN.snpot h

coat i ng). t ner dghier deu o GRE bR PR AP ay1 Bl ARG 468 g

pol ymeri Ccohé?tﬁfé'honé)éanr&)fohﬁtp ltorc&ampRd, W Bl9. Pt Bfos CHREEM A QJ6nia3é( arg. One
exenplary nulti-Ilayer cl addi ng i ncl udes (a) a fi r'st | ayer conprising a

f | uor opol BEIGHBY (fé&@nqﬁ lak); 61; 2381 (Webet otad ):EnS iR @du (@iderklfk ot al) and
L0t gg 1 At e QHVASNE. p. Pub? 1 JRRIARIE R 0. Y] a?,’?l nf 23 Ie) ar (D) 2
second | ayer 'sun- e firs ernopl astic pol yner

ayer conpri

(for exanWeer)a pol yuret hane) and (c) a third Iayer surroundl ng the second
| ayer conprising a_thernoplastic poI ymer (for exanple, a polyolefin). In
general, the oltireReativeitegemisgive prface may have specular or diffuse reflective

properties, or it may have reflective properties somewhere in between. While the
reflective-transmissive surface is disposed opposite the opening, the reflective-

15 transmissive surface or another reflective surface may be present on the remaining surface
of surfaces of the cavity other than the optically smooth faces and the light source. For
example the cover, may be partially reflective. Typically, it is desirable to maximize the
arca and amount of reflectivity of such surfaces in order to increase the amount of
reflected light that is injected into the light guide(s). In one embodiment, the reflective-

20 transmissive surface is present on substantially all of surfaces of the cavity other than the
optically smooth faces and the cover.

Any or all of the covers may be, for example, transparent, translucent, reflective,
opaque, or a combination thereof. Typically, the covers, and hence the openings of the
corresponding cavities are oriented such that they are away from the view of an observer

25 during the intended use. For example, any or all of the cover(s) may be situated on the
same side of the lighting system, although for many applications this may be undesirable
unnecessary or even aesthetically unattractive. The 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

30 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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present, has a refractive index |lower than that of the core on which it is
di sposed. | STypically, the index of refraction of the optional cladding is
at | east Wbao9/B402 or even at | east about 0.10 | ess th&aTiuse009/08®R7 of
refraction of the core. Both clad and unclad cores arc suitable for use in
t he present disclosure. Further details concerning the optional cl addi ng
may be found in U S Pat. No. 5,898, 810 éDevens et agﬁé integral to a

| i ght guibgeound, é@ﬁm@p}ﬁaw% Pat ws 1H0%-S Examprelslorngt afm perl %?3 418 Bdt he tinme

of "1 ber (AU APLL 6098 0A PrEAL a1 3lq Gud A TRl OF (1 AR By f aser

or mechanica I ni Ng) . ose U gui des
are used aﬂ()r 6, 2598 % (@audiny,o, 36‘7@94da(\Leayt dlg; 6,97P.8 dl;unémsat Iay),f6gﬁ26m67by a

coupllng ce ( ectlon oupl er according to the
pr esent 18%&%’?’ 42%@”&@3 a%ﬁinh Ogaéﬁé stqip gt ar,1§w ty are not critical,
al t hough t heyn(z&%b Qlecﬁﬁﬁ?é Jeﬂeaﬁveﬁ e‘??ﬁ %ls%soetcﬁ%iggéﬂéﬁ%% cbfil £Qldron of

25ref|ected a di'rect Tight 11lTumnation thr the optically snooth
faces an d)ntlnpdccﬂaeidlngmfdlghhgnﬂqrsgtsed gupnaa(c@)of dhe pmscandisdobwess Théramayhie

critical an The reflective- nsm ssive surface is
gener ai | yoguErParr B 8 Mos it ctireob Ry oS isas e RO sar i cut ar
desi gn OfEie%ldr%raﬁ'fds%eﬁééﬁb@lﬁlyeﬁsfh@e d@thseDforfe®hmBret indN St Patt NBNEFHSF2ON MAY
be adjusted as to mnimze overall di fference in appearance to an '30

observer B (lamdinmetehtled vi ewi ng di st ance Var | ous rrat erials may be used to
0 o 9 L1 LS KEIAEUR YRy ! AP SR o e
met al , medhmattingaliddes (hat 1@)<IaEIlDé)Qndm flbblmlﬁidsls faﬁi@)’tl@ﬂarly useful The light source

may comprise multiple distinct light sources, which may be the same or different; for

example, corresponding to individual colors (for example, red-blue-green). In the case of

fiber optics a plurality of optical fibers may be coupled to a remotely located lamp of

15 sufficient power, in such a way, noise and equipment associated with the lamp may be
hidden from view of an observer viewing the lighting system.

Lighting systems according to the present disclosure may be used, for example,
for: architectural applications (for example, recessed lighting, or in lieu of fluorescent or
neon lighting); signage applications (for example, as neon-type signs); and for vehicular

20 lighting (for example, trailer trim lighting, aisle lighting, marine lighting, automobile
lighting, and aircraft lighting). For example, the lighting system may be used in
automotive applications such as spoilers, along the edges of rear windows, or to follow the
curve of a trunk lid, as side markers, emergency flashers, and center high mounted stop
lamps.

25 Lighting systems according to the present disclosure can be made using light
guides and a light injection coupler(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

30 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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WO 2009/ 134572PCT/ US2009/ 039057 netal oxide (for exanple, alum num oxi de,
titaniumdioxide) films, nmultilayer optical filns (for exanple, as

avai | abl evoredev13gite trade designations "Vi kuiti Enhance@#Cgscuasooref| ect or
Film or "Vikuiti Durable Enhanced Specular Reflector Film- Metal" from 3M
Company, St. Paul, Nmb, and conbi nations thereof. 5A nultilayer optical
film(for exanple, a ynmeric nmultiplayer optical film typically includes

i ndi vi dudfongii 6P @%@eﬁaﬁrtﬁ@wﬁtl&warse#@cer% Bewvided by pgregnad rtrarla@varr istics so
t hat t
at somg, bl Qi 127 & % Gt &%n? 42'0{&}51 &3 dnfd %‘fe%ﬂttgaﬁ&?%gsghg é@RéﬁXFr S.

The micro ayers ar ¢’ 8y C|en o that
pl urali tymmltllatyhmptrmbﬁthaéléslsuMéragd)dﬁapetbastoramfomﬁominmdtmdrrsmfbbwc&nt 460

|nterferen e in or ive the ltilayer. optical fil th 10desi f ed
reflecti @ apetlrla#g%ﬁ ééﬁ&@%v@b@ﬁt it bts Myshiaghiapaon %flé%ﬂ ey pptipnal
desi gned Ihﬂtl[ag ﬁ&tfoai ﬁl%‘&l?&oéé'n%f é’;&bfﬁi l?eltqyonéf by tfonapéoll'a?saﬁfﬂ' 753 gbese

wavel engt hs, m crol ayer general |y has an optical thickness (a physical
t hi cknesgresght.i pl i ed by refractive index) of less than about 1 microneter.

However, thicker, |aye o be incl C ers at the
oot o sur f cod urPRNET IR T YRR reger Gt ot Rl APt Rk
layers (RBbsiintldlyPerRAGRAaAS YRERshEvEMoith el difRtibe aCotdrl4n® cbtlﬂﬁﬁses

separate the coherent Erouglngs of microlayers. Such a nultilayer optical
film bodye leght selrso4f nehewe hoiges an Liddhe Govpicdd Caid lnEfsiod do ppiljeatls trapsraigside t wo or

MoT £ shegt 515% 4§bli)t ! 'ra%%g? Qﬁd cal oglhtlagc"hto agg occqtqaesetﬁlgd o%e%nlma%%ﬁ Yol si npl e

enbodi nen ro ayers can nesses an i've i ndex

val ues cwptleslgotﬂﬂtsﬁ@ssm ldudihgd48avEEBL 18tk solrb@d 53, slectich iy g&thettiad @phvireal
repeat units or unit 20cel|s each having two adjacent m crol ayers of equal
optical t¥Pekieptiqy commupicatigpujth thg reHCEperteampmissiys srfagsi tlotﬁéfhwtjlatet fective

to refl egﬁ;@ &ﬁ@épfé‘ﬁil‘l ehﬁtte%r cﬂﬁ%@ﬁ@soht&*h%s‘t@%%ct\é@%‘f't@% (el S twice

t he over tica ness of tical repeat uni kness
gr adi ent draakirgiva sttiacek imeBslirexiny subseqhmtfre-kerﬂe@flm fremastidreprfhdes adraaxits) can

be ed to rovi de wi dened refl ection_banpd. .Thi ckn radients tail ored
to Sharpéf! 1tR1d iDselad duo (it apgsecpad en ﬂ@tlﬁntffﬁng?%agﬂ sheht el hi gh

reflecti qRindPFodiblBf Ly PRSHeRSHQMy EEM source 455 is transmitted through the

reflective-transmissive surface 410 and through the optically transmissive housing 480.
The optically transmissive housing may be made of any suitably optically
transmissive materials such as for example: glass; quartz; plastics such as, for example,
20 polyesters, polyamides, polyolefins, styrenic polymers (for example, polystyrene, ABS
plastic), and combinations thereof. In one exemplary embodiment, shown in Fig. 5,
optically transmissive housing 580 comprises first and second portions 510, 512 flexibly
connected by hinge 520. When assembled, first and second portions 510, 512 are fastened
one to another by a mechanical fastener shown as snap clips 530. Other suitable
25 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
30 should be understood that this invention is not to be unduly limited to the illustrative

embodiments set forth herein.
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‘ also be used, as discussed in U S. Patent 6,157,490 (Weatley et
al.). For polymeric nultilayer optical films, reflection bands can be
desi gned to have sharpened band edges as well as 'flat top
reflection bands, in which the reflection properties are essentially
constant across the wavel ength range of application. Qher |ayer
arrangene %égkﬁﬂCh as 30 multilayer optical filnms having 2-mcrol ayer
optical r+ nits whose f-ratio is different from50% or filns
whose optical repeat units include nore than two mcrol ayers, are
al so contenpl ated. These alternative optical repeat unit designed can
be confi ghred 4 dghiEryslenOopPOISNE34572PCT/ US2009/ 039057 or to excite

certain higher:aof -y ef j 1 L OF r § . S.
Pat. Nos. 5. 360, Eagh A Rl Riq Ll SR e ER ERELIRAFG ot
Mul ti | ayesachpf iheat ligltlgnkles snpdrevelg sompasng o corefahdoto gnialdy sthadth faces,
polarizat%ons‘ohrI%@h%foveL at | east one b ndpﬁdth Thr ough .car na
mani pul at PEAPHEY TRERM fa5rs Peinh RS aighy! sptientely Peperdradt odhe
al ong t hemvaipe@is 16ddidiAYEErectil@; mul tilayer optical filmcan be made
to behave as a highly reflective mnor for one axis of polarization,
and as a weakdtSavitiegseaplppf e nicgeitipg Igereciyaby eornprisiainsepievial apde t he
or t hogonal IS, alL.zat | . , o : . 1 l.ayer
opti cal 11 B BhyrBBE WAL O R opbThe SROIBIG oo Ta [o S

| i ght i n thheptidady lsmeothdgicemndfat lehe sepe of thamcahitibebdied g gvakibined in

reflectin substantial lLy. 10transparent) for an orthogonal

pol ari zat $%m§¥ﬁ§}’ ‘Hiéﬂ%gﬁé rﬂgkiate choi ce of birefringence for
the pol yner nigédkRyedpsetiv@NAdib R ARARR th MEn ERAEAn@bcdR ALY er

t hi cknesses, a nultilayer optical filmcan be designed to have any

vari at i onPRsRingapi 8e picatities, Hishioysisapspaeisit Wawrsive ngighasqures in pgjivel
al ong ei F&%mﬂ‘gcdfti%ﬁ ﬁ%ﬂh@&%ﬂ%@?{%&ﬁ%&lﬁ& iSO E Surffokd & i3k 'c%\ﬁ{ié(s’ aOr

in addition t raction o ection to transm ssion nmay be varied
| Sby i nclmejiongeréionlpf énydehceaitied groonthe nédigbr schatehbahglegleof:d b éhe

mul tilayer optical, fil . . EXx I mat eri al s.that, can, be used

'n the f aSTHRERYS SHCGC SOPTRSHYE THGLE 1 deh SO 2B HHET T BERC B und
in PCT Publidsadddanmbr S&His 3y (INpavhiiee by e n ligHRXQIBésdeihol tiRs ARl Mer
conbi nati ons that provide_both adequate refractive index differences

and adequifteh fhedpsnegiperreBeptiae gpsmipnygaetaces of tegy caydica eng pmted from
mul til ayege APhkAlsikd) M Made

wherein m and n are independently integers that are at least one.

2. The lighting system of claim 1, wherein m is not less than n.
3. The lighting system of claim 1, m and n being 1.
4, 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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" 20using a process with predom nantly uni axi al stretching, PEN coPEN,

PET/ coPET, PEN,/sPS, PET/sPS, PEN Eastar, and PET/ Eastar, where "PEN'
refers to pol yet hyl ene napht hal ate, "coPEN' refers to a copol yner or
bl end based upon napht hal enedi carboxylic acid, "PET" refers to

pol yet hyl ene terephthal ate, "coPET" refers to a copolynmer or blend
based upop ter lic aci d, "sPS" refers to syndl ot a

pol ystyrefie an ﬁ{)eiqf%l?a%ﬁs\ﬁ&i‘ plany Onﬁggﬁlam@a]sftoa% asé%%?éé%{nelfghégmdes
copol yest @imgrRelg AV et GONBIEMSH. CYCl ohexanedl nmet hyl ene diol units
and terephthal ate units) conmmercially avail able from East man Chem cal
Co., Kingsport, TN; (2) for polarizing nultilayer optical film nmade

o ocess, PEN cosei BER R BBt RN BereopERf B Bt o
"PBT" refemgprismgpdighbehittiendotier epht hal ate, "PETG' refers to 30a
copol ynmer of PET enpl oying a second glycol (usually

cycl ohexanedi net hanol ), and "PETcoPBT" refers to a copol yester of

terephthayic a'PﬁedlghﬁnﬁEys%ﬂ ef antyrb%é 80flaihst lhto% H@ i E)ﬁ»'e &fth@ﬁ hghteseﬁrces
glycol and 1, 4-butanediol; (3) for mrror fil (1 ncluding col ored

mrror feapmsisingpEpPivRL h@b@uﬁtmﬂ@eam@hnmg PEikkRotedlor. PET/ Ecdel |
PEN sPS, PET/sPS, PEN coPET, PENTETG and PEN,/THV, where "PMA"
refers to polynmethyl methacrylate, Ecdel is a thernoplastic polyester
or copol y&st erT}(elj@h'tieg/adtdrmOmlymb sécleinesl lofoeTx anegk ome dfakyh dpk sdtiicts,

pol ytetranet hyl ene et.h col unit 5cycl ohexanedi net hanol
uni t's) COW% nﬁlapfpﬁ?filﬁﬁ)glb%élc?l PoAUR [}gtt‘?rﬁ "hemical Co., and THV is a
fl uoropol yner commercially avail able from 3M Conpany, St. Paul, M\

Further details of suitable multilayer optical filnms and rel ated
desi gns ahd coHstliching systencalpnyent gtielaimst oo Sentlapst ene ¢fithen savigest |

Nos. 5,8 6, 531, 230
(Veber o i e aaR e Ppsy sy A R e i Burtes. < 5
Appi n. Publ. Nos. 2002/0031676 Al (Jonza et al.) and US 2008/ 0037127
Al

10. The lighting system of any one of claims 1 to 9, at least one of the n cavities

respectively comprising a diffusely reflective reflective-transmissive surface.

11.  The lighting system of any one of claims 1 to 10, at least one of the m light guides

respectively comprising a flexible core.

12. The lighting system of any one of claims I to 11, at least one of the m light guides

respectively comprising an organic polymer.

13. The lighting system of any one of claims 1 to 12, 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.
14. The lighting system of any one of claims 1 to 13, 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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(Weber). The reflective-transm ssive surface may have specul ar
or diffuse reflective properties, or it may have reflective
properties sonewhere in between. Wiile the reflective-transm ssive
surface is disposed opposite the opening, the reflective-

15t ransm ssive surface or another reflective surface nay be present
on the reﬂ?'”ﬂ&% Et(’aCF of surfaces of the cavity other than the
optical | y 'sSnoot 3t SsgﬁﬁmPWéSPPght source. For exanple the cover,

may be parti alhYighefli@stchydle iR light it fn re$Heci@s 16AduginhPdiFRYbIE, Z€
the area and anount of reflectivity of such surfaces in order to

i ncr ease B ORS GRSl fEuides respecayelyicgmpriting e cpis and e ersigallnergoath daces,
li ght
i ght  gui gle6Sdcalll Rmdb@ ggl'ng?&%fctitv alli {14&%5 té(rﬁlallgg:% @%ﬁ ir&:it,\[();e/[he

surface i s present on substan sur aces
ot her thamwsm@ctoptlomﬂutlynaksdmtlmsf aces and t he cover. Any or all
of the covers rent, .transl ucent

reflective, op%cfﬁé“es eraCIéOE Fﬁﬁ??so%&?eﬁnifi%?omﬁyfﬂ?%@l (?fﬂ‘?mntgﬁgd Bovers,

and hencerefibgivepeningsivoturfde opssie SR epeiing kadavity %&ngﬁ@ a@dnk BIVRGL
such that they arc away from the view of an observer 5dur|ng t he

i nt ended @Eépﬂﬁﬁys%&9W6W§S?@ﬁy or all of the cover(s) may be situated
on the sane si Ifj@ov@ifs 1[3&%01:“8%“1&&)@6%%@50%@ to"i]illet 1@9&"&9?&5 aflli omno the

applications this may be uridesira unnecessary or even
aest het i calehingsingithe naavitivs themvcmvwemlmmmgm‘h@nwswsmab;bt‘mal
mat eri al that su #h as

b d,.
el ast omer S Gy 18&“{“‘16@%%"'81’ ec@? 1egﬁ°§fveatfdé‘ﬂ‘gm§]>¥f’ F'ﬁ&cf%?lﬁé? }?gé‘flﬁ? %8 are

useful f Qha_]ei(p(ﬁﬁﬁﬁ bhghyl ligihem{ited Mobh@e hilight so3R@sbélae adflediee by @k poi nt s
along its length, typically with a desired intensity |evel. Mn

y
types of H°FR§R Veelﬁﬂ?%'ﬁ‘f@ﬁmmswﬁ%wfaégs ofithe K ABkESiand IigRtogntorthe m ight
exanpl e, ARASHER aaiﬁglopﬁa%ﬂamﬂal hﬁéﬂ{mh% ﬂ&-fn fl%}g%ur@é%tbreﬁfgttla?&mtted

structures and details for therr abrlcat
through the respective reflective-transmissive surfaces of the n cavities and emitted from

the lighting system;

wherein m and n are independently integers that are at least one.
16.  The lighting system of claim 15, wherein m is not [ess than n.
17.  The lighting system of claim 15, m and n being 1.
18. The lighting system of claim 15, 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.

19.  The lighting system of any one of claims 15 to 18, at least one of the m light

guides comprising a light extraction element.
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" WD 2009/ 134572PCT/ US2009/ 039057 be found, for exanple, in U S. Pat.
Nos. 5,432,876 (Appeldorn et al.) and 6, 863,428 B2 (Lundin etal.);
6, 033,604 (Lundin et al.); 6,039,553 (Lundin etal.); 6,077,462
(Lundin et al.); 6,259,855 (Lundin); 6,367,941 (Lea et al.);
6,379,592 (Lundin et al.); 6,623,667 (Lundin); 6,863,428 (Lundin);
and 7, 05 68 .[,Epstein et al.). 50pti.onal| di.ffuse reflective

| ayer nmz/2 G’z;I soﬁbegl%gg%%te&l B%Qthl‘?éle8%;?18”%‘5%8980?39?2'% ¢ of heqiiishy of
|'i ght gui dRsets@flpriisinddd ReHtieasitiaf dicde. present di scl osure. These may be
particularly useful if desiring to achieve a neon or fluorescent

|'i ghting appearance. Exenplary diffuse reflective |ayers arc

descri be for | : , | 6t

al .). 10%1%/ su?@%ﬁgh?fﬁ %ﬁlé{:)al?? c"g@%&l e %stgg;%’ ﬁg%g%e(ﬂ:f?{b giofrg%hzct
size i s desiceedymprisgig a eovaity ofgight odisng dibdds, ¢ash hbbis ) ddfedérocolbi.ber
optics are particularly useful. The |ight source nmay conprise
multiple distinct |ight sources, which nay be the sane or different;
for exanpte, CIHelRGHAS st bOanytk bE Bluidhs 1G0b QN Sat (887 orfCRRRY (Elight
red-blue-green). In_ the case of fiber optics a plurality of optical
fibers neSPUises eQupIsene angeriicldihst epticallyeenpdad tpadgmpf | Ssuf fici ent
power, in such a way, noise and equi pnent associated with the |anp
may be hidden from view of an observer viewing the |lighting system
Li ght i ng st €lte labtog sistan oianylvee pf dsiamt 15db 2] adenseormreay theen asais f or

exanple, for: .architectural applications (far exanmple, recessed

i ant no, e Rt s R AR R Reliths FiiThe e LiEge
applications (for exanple, as neon-type signs); and for vehicul ar
20lighting (for exanple, trailer trim/|ighting, aisle lighting,
marine |i4ht i nigie ighitesbmtaect yeor agclaimed S4p ﬁgrfﬁﬁqasﬂ gt %ﬁg} Cavitigp
exanpl e, Je&}ﬁcﬂi\'reﬁiﬂt,dlﬁiﬂi &R Y rdPR t%qgﬂécﬁy@ﬁjaf?gﬂﬁggiy@su?ﬂ | ications
such as spoilers, along the edges o% rear wi ndows, or to follow the
curve of a trunk lid, as side markers, emergency flashers, and center

hi gh mou niSE d th%ﬁig'hﬁf{%’ ssy'stem of any one of claims 15 to 24, at least one of the m Hght

guides respectively comprising a flexible core.

26. The lighting system of any one of claims 15 to 25, at least one of the m light

guides respectively comprising an organic polymer.

27.  The lighting system of any one of claims 15 to 26, 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.
28.  The lighting system of any one of claims 15 to 27, 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.

29. A light injection coupler comprising:

an optically transmissive housing having first, second, and third openings;

-17 -



© 25Lighting systens according to the present disclosure can be nade
using light guides and a light injection coupler(s) according to the
present disclosure. Referring nowto Fig. 4, exenplary |ight

i njection coupler 400 conprises optically transm ssive housi ng 480
having first, second, and third openings (421, 422, 423), and conduit
430 that extends therebetween. Each _of the first. and second openi ngs
421, 422 has a%"%‘ﬂ't“?S’ﬁ%ﬂ? IDERARE B 6 68y a”&’é&*}"? GROINGs Fach f K%ﬁ)ﬁ}‘s

and is adajatsecbrd@penggdfif adaf@s to éageRdeRPfld QRDoARAs offdtdef ordd ght
gui des 405a, 405b while maintaining a cavity 420 therebetween. End

porti ons &g guidgwhie magupaibee cavitylirgbeiycen. gt at dessirorod gorigns being

| ongi t udi I hd ' i 7 -US2009/ 039057
Condui ¢ 485 R8T FEFPRTBN P! M ang PR RIS ERE T Aoy e
opti onal gmaluit hawes a gifiectoattranbinissid 2yriad jadjaedi tcthe cdwity4a0 oppeite the
opposite third openi 423. As shown, tional nultilayer optical

P 212 $29oPorRhe Andifheistfrari e Sp Con s HoPHATABRERGS HF EBIa Ui
460 and Oﬁlﬁﬁlhlﬁt&ﬂy‘b&%ﬁmﬁ&ﬂ&rlfl%:itssrb'%@ct‘imlﬁnéiﬁldfﬂaf &;‘écc{i%)'&h agai nst

conduit 460. Typically, optional 5nultilayer optical film 412 does

not extend beyifiegpmBIsSingaiht sxideaths caga beipgaffitedtto thedopsing emt .

End portig i . i cal | th fa 4253,
o 08 Ao ARk URNE oLEIRRE AR SR SRR f g8 S

| ongi t udi beaig idiopecdt] commuGoedrn W3l theoafbciisegamsntissii susfacy, ededkhba fafpewn

here as an LED ver 430 1s affjxed to opticall ransni ssive
Oohous: nPager dhog deBtesnigb ifmans Lo SakPr AreI E R R b RtR TGS, t hi r d
openi ng 4Zhs@ssiop bRk laid trjevRaTheshy & 18QYEIs0sh ABCond R pbitht, ssgur ce
455, electrically connected to wires 465, is in optical conmmunication

Wit h t he Vreis @tniper rRoraerseh apyilight wuifted be thedightisntrethieing tranpmitied

portion Otill'C.ﬁ N el rgﬂéctigg—iﬁraﬁs%jissfi\';eom'fa&gmd tﬁl%géﬁ &e%ﬁéceh% tfa%glln%glrvg d by
the reflective-transm ssive surface, Including any subsequent

re-refl ecliaueimgf r om ot her surfaces adj acent

30.  The light injection coupler of claim 29, the reflective-transmissive surface being

specularly reflective.

31.  The light injection coupler of claim 29, the reflective-transmissive surface being

diffusively reflective.

32.  The light injection coupler of any one of claims 29 to 31, the reflective-

transmissive surface comprising a multilayer optical film.

33.  The light injection coupler of any one of claims 29 to 32, the light source

comprising at least one light emitting diode.

34, The light injection coupler of any one of claims 29 to 33, the light source

comprising a plurality of light emitting diodes, each having a different color.
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15to the cavity, and injected into first and second end portions 432,
434, and such that a mnor portion of any light emtted by |ight
source 455 is transmtted through the reflective-transm ssive surface
410 and through the optically transm ssive housing 480. The optically
transm ssive housing may be nmade of any suitably optically

transm ssjyve ngterials such as far exanpl e Ss; quartz, plastics
such as, for errﬁ%?ﬁtﬂlh fnjefgﬁ%FWZ‘?é’??}y %@&%”Bgé&tw %ﬁ@ﬁ st yrenic
pol yner s {dnrisEsaiRipBeal POLYSHEAIBNG®upRBR RiaAg)i c), and conbinations

t hereof In one exenplary enbodi nent, shown in Fig. 5, optically
transm ssi ve housing 580 conprises first and second portions 510, 512
flexibly nn - i i : | I;St second
portions %20, e@%g%g%y%ggl?g%@ﬁq%g}qf%eﬁ%ﬁﬁﬁg §9 e{i lErrh%c gﬁ%‘é’m

f ast ener tsdromissers honsde alnpsing30st 4t kerons poitehl Beablyeohemieddly a hinge,

fasteners i,nclude rjvets, screws, cl , . clips, and, caonbinations

t her eof . 2nd the HFFH%“ e%%dé?h?%\ggwggﬁ'ﬁ%%zfismég%@ apoBFY AL LGRSO t ed
her ei naboyecrahieall AgeHpor at ed herein by reference in their entirety.
Various nodifications and alterations of this invention nmay be nade
by those skilled in the art w thout departing fromthe scope and
spirit ofz4 hisp I i S hat..t hi-s

i nventi onsp%'s f}l&l%e’]%’g%?[gxié%ﬁ%u I%r::oﬁ?\ggﬂ%tg of(3 %aﬁgs ??&3556‘{ %tg? %\t/énego t%%lhlr%tant S
set f ort hankdese&ind.openings comprising a respective collar.
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