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Background of the Invention -

15 The invention relates generaily to optical structures which receive light
from relatively uncontrolied sources in terms of directivity and uniformity and emit
a spatislly-controlled light distribution with respect to the two orthogonal axes
defined with respect to the direction of propagation of the light source, and relates

The ability to control the lighs distribution from various light sources, such
28 point source or an extended source sbout two orthogonal axes has not been
succesafully implemented in s unitary structure. For example, in typical office
WMWMMmMMBmw :

25 wmbnﬂnﬁmib\monabmm-m. A fluorescent light
wm:udnrdauuwﬁcbuonlyabhmwwdedﬁmmydmmm
Mvdyrmwwmdummumummmmya
Mmmdhmiumreqm 'ﬂueontumon.howwmdu



15 The invention relates generally to optical structures which
recei.ve_light fromrel atlvely uncontrolled |n terns of .
directivity and uniformty and emt =~ ‘a
spatially-controlled distribution with repect to the two orthogonal axes
defined with respect to the direction of propagation of the light source,
and rel ates 89"231“ particulary to sutF:)h gt?uctures utili zegq ?"HMIS
resi dential commerical and industrial The ability to
control the light distribution fromvarious |ight=&ources, such

as a point source or an extended source about two orthogonal axes has not

been efficiency losses; suffers from nowrptiformity entl reates a cuinipiexiand bulky

structure. For exanple, in typical office Fi ghting applications
using fluorescent Ii ght%‘”ﬁg“si ngle element is able to. 25

si mul tanously control the Ilnwwﬁm@mmwam Efightweiglit 404 aSGiM!

| i ght : - Aternatively,if two ‘axes control - attenpted with
the present technol ogy, OMMMW%MW‘MFWFH@'MMW“ _

required. This comty nat Wmmvﬁnﬁgﬁ%ﬂﬁﬁmgm Such a structure would
pemntnewanduscﬁnlwaystoprovndeduectedhgmdnstﬁbuuonforvmous

lighting applications.

Summary of the Invention
10 Thepremuvenﬁonpmdesforanmegmedhglndmcnngmmre
' whchpmduupaﬁdly—d:rec!edﬁghtmnputdongtwoommgomldmons
urequmdbytlwpmlnapphuuon.
muwmwmpmuahghtsoummeontmmmthmopncd
mewhdnwmpnmawmﬂceompomwhwhm&ehglu
15 _muedbythaﬁshmmdmspmﬂwhgmmtmlmamlnﬂemon
' (TIR). Optically coupled to or integrally formed with a surface of the waveguide
mamxlupheityofm Ewhpnm.dncmmmofreﬁuuon.prowdesm
| apmewmmmyuupethewavegmdewhuthmmmconﬁmdduem
totnlmamlreﬂecuon. Thehghtscapmsthewavegmdeureﬂecudﬁ-omas:de
20 face of the prism, and redirected in the desired output direction.
mmofﬂupmncubeopumudtodincnheomnmy
Mmmmm«ofﬂwmmde Advantageously, the optical
mumwhchnﬁg!nbechnmenzedaahghtdimgme,mhavu
ummﬂgmdﬂnwcmdemmumubletoamwhﬂucouphng
s llonsanhghtmp\uodge,onlonlmenlhgmmedgu Furthermore, there is
mmmﬁedimhmonuﬂumfomﬁyofﬁeﬁgmwwmwegume.
- Thaemmymumnonapphumuthnmnkudvmgeofﬂm
mvenuon. Snchapphc&oum:neommemalmdmldmalmrkmandm
vmmmdustmsmhuthemomonve industry and the aerospace industry.
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PCT/ US96/ 00619 efficiency | osses, suffers from
- S CoNprE oty —t
woul d be desirable to have a relatively robust, |ightweight and efficient

optical structure that would fit esily within a small formfactor and t hat -
woul d '“5 able to receive light from any ll% en ti ng neans.
Such a s?ructure woul d permt new and us W %o provi de

directed light distribution for various i ghting applications.,
10 The present I nvention prOV|dé§‘for an integrated |ight
~directing structure whi-ch provides a spatlally directed Iight

out put al ong tmmmﬂw dow profile interdortandt he

particul ar appl i:nvenf i on rises a
light source in. co% ﬁaf Pon Wi t?m%maﬂﬁ“ﬁl'“'“i ﬁﬁ@'ﬂue whi ch
conpri ses a MVWMMWWMMWM ener at ed

by the light s ce and trans orts-the-light, via total internal reflection
(TIR). q)t.ca|f)'§‘" dilightsources he
wavegui de s qhﬁ hﬁnﬁf prlsns " Each prism due to
Its index of refractlon prOV|des an . . aperture where |ight may
escape the wavegui de rather than remain confined due to tota
internal reflecy _,“&lﬁnlng t he maveQU|de is reflected froma
si de 20 ’ ard redirected in the desired output

[oTET e e oy M“;mwmmwmmwaww“ e
_m ' F’lslnelumillumanonofaanglapmmopmﬂyeonmctedtoa
' waveguide and showing the characteristics of light rays;
leAhmahumeubodﬁmof:wmﬁde;
!ﬁumezdhunuuuthahﬂuduuﬂmMononqunofﬂunmwnmunabmntwo
orthogonal axes;
15 o Fum3uamucuouﬂmwiﬂumldngtheseomuofthepmm
mdwmsmde; '

rmmu.mmmmm
Fmswamegndeuﬂapnmmeombmanonmthamgmve
2 lens strucws;
Fmﬁuuplnmofthemmmpnmmﬂlunmedua
MMhmﬁdymommcmmm:mmm
' Hgn?uaplmmofthemvmnmmwuhapomhgm
- 'mandalidnmhomgm
25 | Fm7Aundemunmnthemﬁeeohhdnm
homogenizer;
Hgnailhmﬁcmvennonmcombmwnhaupuedmpm
mnmmmumamm



desired angle fromthe surface of the wavegui de. Advantageously, the

optical__ strucure, whi ch mght be characterized as a |ight
directing structure, can have a . .~ “narfow profile, and the
wavegui de struture is suitable to aIIowllght coupli.ng 25 al ong an
| i ght input edge, or along several |ight i nput edges. Furthernore.  there is
no restriction? ¥6di stribution and uniformty of the | |ght’qrm§ﬁf’°q‘69the
wavegui de. #s . There are many i-Bbum-nation applications
that can take advantage of this i nvention. Such applications
exi st in commerical and residential markets and in ' vari ous

i ndustries such as the automwcnlaﬂfél&iﬁdivmdoﬁmmmmmm
WO 96/ 23166

PCT/ US96/ 00619 twohshtdtremzmm -3-
Exempl ary residential and c &d@wﬂkﬁ%
I nterior and _ |orﬁ[.|pﬁ%ﬂiér¥éafsl§ﬂg as otlights room or
office lighting and acdigm Exenpl ary autnotive
applications include |owprqfile ar hgad] i ght s d. tai.lights.
Iowprofllelnterlﬁr car i ﬁ M&Wg%@ g %H‘PE“"&H‘&
l'ight sources 5 ﬁo:ﬁﬂfecdmﬁmh&eww,&vmminnstrunent panels.

' Whereposnble.hkeelmhwebemshownwnhhkerefermce

) numerals.

© Detailed Descrioti
- OnzofthebwchnldmgbloeksofﬂuappmweoMmgtoﬂwmvenuon
uapnmoptmllycwpledtoawavegmde. While the apparatus typically may
.conmhmdudsortlnmndsofpnmmydmmpnwnonmy itis
 instructive to consider one prism in detail
15 _ threfermtoﬁg.l light rays, as exemplified by light rays 110 and
111, mullymllyuﬂeetﬂmdtmegndew Waveguide 40 may be a light
pipe, light wedge or any other structure known to those skilled in the art. It may
m;hm«mmdymmemwmmmﬁcuu
_lhownml"ig. 1A. Formplimy mdﬂordmmmosu.bmbymmns
20 mmdedtobehmzmnmwavegndewuwubangphnnmd
umummmmmm.m
waveguide. Asilwenknownwthouslnlledmthem.mdmemalreﬂecnon
oeumi!’hghtwithnumadmmsmkuabqunduyandbmubnckm:he
medium. Fornwhueﬂmontom.ﬂxemduofreﬁuﬁonofthemedmmhu-
s mbehduﬂnndnmdmofmuonﬁrﬂnmmulonmmmofthe
" boundary, and the angle of refletion must obey Snell’s Law. For simplicity of
anﬂynronnmﬂntthememlmdeﬂwwwegmdewum,wnhm
mda:ofreﬁ'mnofom Themvmondoumreqtmdu.howeva and may
' pneueedwnhmmlsothenhmmoumdeﬂwwwegnde.




The invention will be described with respect to a draw ng of several
figures, of whi ch: 10 Flgure 1is an

TSttt s Tt Ty —c oot te =t
- wavegui de and showi ng the characteristics of light rays;
Figure 1A is an alternate enbodi nent of a wavegui de;

F| gure ﬁob&&.ﬂﬁé rates the |ight distribution output of %&f’ﬁ%' on about

Figure 3 is a cross sectional ating the -

georretrl es of the prism and ygvegui de;
Figure 4A and 4B is an alternate embodi nent of a prism
Figure 4C is a further alternate enbodi nent of.a.prism

Figure 5 illustrat esummmmmw7mmm%¢u negati ve
Figure 6 is a pl Vi ew 0 he |nve,nt-'-o erethe prlsms are illustrated
as a . ft 5% MAQmﬁnml% with a

point |ight SOUflie Presence 4 e Egﬂ e
i nvention in conbl nation E\?ml\"l pol nt lf’ t Wmﬂ ‘H‘

.~ sourceand a light

sour ce homgen|2m42huzumduofm|mm&mm:w ew at the
i nput face gof - Fi gure 1] us rates t he
440, 304 79 119,40 111 o able to el wavegic 40 470 .

I nvention I'n co

i nvol ute refl emmanMrmammm%mmme
Wwamuuwmmmwm
wmgndemummadheaveorothermmblem Aﬁeruylllemers
pm42,nmﬂyreﬂecutonnkenyll2 Smhﬂyuyllﬁtmdergoua

10 reﬂeenontomlkenyln Themgeofandesofmmhuluandlﬂ is
o relnadwthdlmiblmonoflnglaoﬂlshtuyswnlmmmldow Because the
nyswnhmﬂnmvamndemeom:nd thenysanungthcpnanuefound
mosﬂymlﬁﬂynmowlyeomudmgeofm Aneordmgly this leads to
_ﬂwmhﬁurddvdymedﬁghmbempledmwdewmda
s _mmmofmugmmmummmm
Thouaﬁnedmthcmwillqmedmthumofthcfwuofpnunn
areauiell. Fimﬁulupre&nblyuplw(tlm,bomer would not be true
forwnvegmduushownml’ig. lA)soumhmumweophcdeonphngmth
_ ﬂuplmnﬁaofwmdaw Secondﬁeeszneednotbeabwmelyphnu
20 mmumw«mummsﬁnmmw
| mmmmmmmumhmmmmau
 merely substantially planar. ‘Third face 36 likewise nsed not be absolutely planar.
| nmdnbﬁmdmm:mmhm,mdmmuphm
_mmmmmm::m Foramndblndlishuonroe.n
2 udmﬁnﬂl‘moﬂhirdﬁu%bemorhummnntom
 desired light exit direction. mmmammmw
mmmgﬂuhuhngupofammmm Onewaywdumbeme
.mmummmsshmmmmm
perpendicular to the desired light output direction, a terminology that embraces the
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PCT{ USQ6/ 00619 Fi gure 9 |s an el evation view of a
single light source in conbinationwith™ ~ " “tw light 'directing
structure; .. Figure 10 is a plan view of light directing
striucture renotel y |l ocated from a | i ght source; an 5
Figure 11 is awoe%@y&fl on view ofthe invention optim zed for ﬁ’f"&mpn
fromthe ceiling of a large flat object on the wall.

Where possible, like elenments have been shown widgh |i ke reference
10 One of the basic building blocks of the apparatus
accordi ng to the i nvenppssbility that the face mightibe PMM'MM#MJ Mu\gﬁe@mttbem

o thousands. of pr i orm Vol pareid Rk i TR discussion demands il 24563
instructive to consi defomﬂfﬁwilsmmknm.thecom&oﬂhehghtomwmldbem
11 Totally i nternal | Halyene VM ARSHIAT Jo SEER) cmbOtinet Howeee, St on i,
!sglhltled in the arts IOII ?%WEMWMWMMWWWMWIW%
¥nﬂtemostpn&rredunbodunem,ﬂﬁthfacelzomdwnhﬁcelzzalso
reﬂectligl’ntnysmunsﬁ'omwavegmdew Acrousecuonvncwoftheprefemd
embodtmultofpnmuulhowanigsAAandﬂmdduclosedmdemlm
re&tmcedpamapphcmonsemlmmbuomz,szs In this most preferred
10 embodunuu.hglunyamvelmgmdnﬁ'aemdmmwulunmgmdcwwm
. enter prism 42 and reflect off all prism faces. This situation arises when multiple
hglumumuudorwhaereﬂecnvemuuuluqdambackmm
waveguide as shown in Figs. 6 and 7. This embodiment is preferred because it
‘provides for control of the light distribution, both in intensity and direction, about
15 twovuwmgmnmdyz,uﬂnwnmﬁg.zmmforeﬁum
" extraction of light from waveguide 40. Furthermore, none of the foregoing
mmmum&uanyofdwﬁeuofpnmummamphedp,xf
sonmm&cﬁhmuquuqformmpk.reqmmdmmeedge
comcuonbmﬁeabehevdqlormnded,tmm&mdepmﬁomﬁae
20  invention. In addition, it is not necessary that first face 114 and third face 36 be
| parailel. Those skilled in the art will appreciate that in some applications, a slight
taper might be preferred to distribute the light output from prisms 42.
' ‘There is no requirement, other than perhaps ease of fabrication or
adaptation to a particular light pattérn, that all prisms 42 be identically shaped or
25 cvenlyshaped. As setforth in the referenced patent applications, the spacing of
prisms 42 may vary over the expanse of the waveguide to accommodate the
distance of a prism 42 from the light source. Furthermore, prisms 42 may attach to
waveguide 40 in selected regions 50 as to only allow light to escape waveguide 40
at selectively desired locations as dictated by the application. Also, the angles of



have pl anar surfaces or alternatively may have non-pl anar sectioned
surfaces as shown in Fig. 1A For sinplicity, and for

i n nature, mavegU|de 40 is illustrated as being planar, and
the mcroprisns 42 discussed below are referenced interfacing with a planar

wavegui g egasies S Wel | known to those skilled in the arm;og;@o‘iynternal
: . L . 105t

reflection occur if light within a nmedium’s eS a boundary
and bounces back into the . med#t um  For such a reflection to
occur, the index of refraction of the nmedium has 25 to be higher

than the index of refraction for the nmaterial on the other side of the
boundary, and tmgmummmmmmmmuw sinplicity

of t he oyt s de the
wavegw de 40 is alr, éﬁ“&“wwmﬁ% of one. The
patial

i nvention does rlqumnmjcls distributione/ef\exiting ligttl. be
practiced with materjals other than ai |de the wavegui de. WO
96/ 23166 b 't"‘ ""l’l’tile3 dlﬂ%rmapphcmons. from

PCT/ US96/ 00619 Iutomoblleheadlampl gﬁfm@ m |, ght
source 37 are bound by a crltlcal Th iﬁ’ ﬁttbf[%g vegui de 40

as deternined bM@M@M@MW&MM&!@W&MI
maﬂardmndhghtdumlmmanm. Ra&umuuownudetoFig.S We

wmumformmummemammofmmumquﬂmm
mda:ofmhcnonofwwegndedosw'smdammthemmspmdof
10 thellg!npmpugmngmwlvegmdewwuhmpectmthemealmgleeg
‘Preferably, andmthemeofabmdbmdhghmdeﬁmdasmmom
ﬁdunyzowﬁomnyofﬂnﬁghmdim For
nhmmody,mmuyzommmmmszm
B mynunﬂatmuglepupaﬂimhrwthemmofﬂuﬂmdﬁa%mda
s mmpmmwmmsz mmmmommofm.nugm
nyzommumommpmnmmssofmumm
meuamdmmmmmmm
some lght distribution cutput pattern. For a waveguide having light rays from all
angles from 0° to @,, a simple relationship exists between the desired angle of the
20  light output © with the tilt angle.é, second face 32 forms with the surfice 33 of
waveguide 40. Angle 8 =2¢ - 45 + 0,/2 where 8, is the critical angle defined by
Snell’s Law and equals sin” (no/ni) where n equals the index of refraction of
* waveguide 40 and snd n; equals the index of reffaction of the material outside the
. WW(ﬁMfiﬂ:m_MOfﬁ.h?l.m);-A!imillrl‘dlﬁon:hip
25 canbe derived where the index of refraction of waveguide 40 and prism 42 do not
. Fusthermore, the third or top face 36 is preferably perpendicular to the exit
direction for the light, 10 avoid refraction of the cutput light into colors. In the
case where the light source is narrow band in nature, such as 8 LED or laser,



the presence of prism42, would be totally internally reflected within
wavegui de 40. Prism 42 has an index of refraction o
approxi mately equal to or greatér than the ~~ 5 i ndex of wavegui de
40, and ray 110 and 111 are able to exit wavegui de 40 and

ent er prism42. This situation exists whether pri:sm42 is |néﬁ#@@£§é%ﬁ€rned

W't h ‘WO 9628366 qui de 40 or whether it is separately f hen
integrated with wavegui de 40 using an adhesive or other

sui tabl e means. After ray 111 enters .g-Prism42, it internally
reflects to make ray 112. SI mIarIy, ray 110 undergoes a 10

reflection to make rayhowever, oquation fon ghgle 8 does nog appliy becausesths tddiam light
113, is _ rel ed t.0 stribution,of angl.es of -light

wi thi n wavegui de 40. BE¥. g? “?'t{&'t"'&ﬂ" ‘E’ %ﬁ&'ﬁﬂﬂ@%@&&b‘iﬁé‘@
are constrained, the r afthethitd fadeBg he prism are found nostly

inafairly narrovay constral ned .range of angl es Accordin é& thIS Ieads
to the result 2§|4gr

into wavegui de 40 @ ] I
prism42 as a di rect ed I [ g’f?to sour‘@ﬁwmmﬁwﬁﬁse %W| n

the art will appreciat ecmpummwdemm mmmmmsmmszam

critical.First face 1 er t,hi's owever.. ,woul d
true for V\&Fgﬂﬁ% %‘“‘!ﬂ)‘fgﬁ"ﬂ“{ E"‘“R

optical coupling with desired Wndﬁc%m%dmw%c&%dme
face 32 need not be absol utely planar 20, - but_  could be curved
somewhat or coul d be f RABIIAG, m o8, without departing from the

interesting resul j¢ degpendad; for that reason, it mi ght be said that
second face 32 is, merely. subst anti al | y planar. Third
face 36 |ikew se need not bgmﬁmwma 2 prisms 42 in optical coopention with &e

| ans i thout - depar | ng oVPRPRLERESIeE 39, A8 Bl BRpaS B iRbHR brimms 42 rve

source, it 25 i WWWH;W%WWR.
Thi s mini M zee ref ract %&c&nm@o@m%ﬁsﬁes' o jsih ) i broadenod i3 masch ihe
(rzlneglcm Eentghtehe br gpkd HWWWWW acew?:%‘qﬂ;edaé“
regi on tangent to a pl &fesctionof 1.45, the light output distribution is +/- 35 degrees and & properly
'pouuomdde-t’ommelmmhuacomlm” would provide a greater
mwmmmm Thuembodmeou!dbndvamgeously
wmamwmmm&mdmm
20 dlsuiblmoniﬁ-l-wdew Alternluvely scattering elements, either internal or
| mmltommﬂ,mybemedtobmadentheompmdimibman.hﬂmtha
louofe‘ﬁeieacy
| Annhanmunbodimamafﬂumvmonudlumdmﬁg.6whmh
melmmmmayofhglndlmngpﬁmummdtol
25 wwogudomwlﬁchucmdlycoupledwuhamﬁmankgmme« such
uametalhulidehmp,uoneedgezl Thehmp«upouuonedmbuumallya
foallengthawlyﬁ'omﬂnedgemanowthefoeuudny:weoupleeﬁuemlym
waveguide 40. Pnﬁnblyhmp“dsoeompnmahg!nﬁltmngdmeeto
selecnvelymnsnmmdormﬂectvanousspecundeomentofthchmp For



perpendi cular to the desired |ight output direction, a term nol ogy t hat
enbraces the WD 96/ 23166
=-PEF~USet-000Te ==
possibiity that the face m ght be planar or mght be a | ens. Those skilled.
in the art wi || appreciate that nothing in this discussion

dennndswwticul ar shape to the fourtﬁc}ﬁw In this
i ment, [

enbodi e control of the |ight output would be i only
one view ng direction. In a preferred embodi ment, however, fourth face 115 .
5 is also used to reflect light from-Phe wavegui de 40 using the sane
principles as face. : ¢ 32. In the nmost preferred enbodi ment, fifth

;ace 120 andd5| 4&&]@0 awﬁxﬂmsaphmemmd,f hmﬁdilllglm rovide anveantédi Ng
rom wavegui de ross,.sectjop.view of the pre

enbodi nent of le‘H"kg‘P Mweuﬂiv 'PS"FF@Q“"‘ER“&F&&I B&HHWQFS‘E@W? det ai |
I n réﬁ&% ﬁﬁ&ﬁh Hzﬁ ?ﬁf%’ m{ﬁ“%f'g 9025. I'n
this nost preferre ﬁr:ﬁo |m§%t [ rays traveling in

di fferent di recilmmplnyehlmmwwedge weuudewmmem sm 42
and refl ect, of f _al {3 . a when nultiple

l'i ght sour ces am'hg%d“%r W€ ‘F@&fﬁ%@ﬂﬁé@w es |light back
into the In ovderatq inplovethe atifbmity {ight @mitted from the wavegiiedi ment

is preferred because it provi des for ontrol of the |ight
di stribution bof qM!@meﬂﬁmﬂv tﬁe material 8% \\, i ewi ng

axes, xz and yz vfiﬁegﬁm% Mmmmwmﬁiwmmw
wxdthofwavegmdewlhownml’ig.? ‘l‘hlumbodimunpmemsmmhght
10 bndnnmwhnmmnda&nﬂmlumamuwﬁ:mmuofhgm
. ﬁ'omwwquulewbypmﬂ Light source homogenizer 46 may be trapezoid-
slupedoranyotllu'appmpmah:pe. Allghtrdeeungmuemus specular or
Mmmuﬂnmdwﬁomhdnm«myﬂwbemmm
'reqclellght. Thclig!tmmuybeapmbolully&medshmmhgm
15 source. Ahun:dvelyﬁc:hmofﬂnﬁdnmuuﬂmanybeundﬁedm
' wmmmwmmmmwm
Fg?AMMmﬁnmnﬁuﬂofmmpmdofﬁgﬂ The
mnhcﬂmdmhumhumdmdybe%tobemthmﬂn
spotoflighﬁmthepuaboliem |
2 msm.mmmmmummm
mmmﬂﬂmmdmmeo.wmme
_mmm“mlmmw Alternatively, & reflective
Mmhwhmwhmwmmm“
b;hm!?ndm«eombmubmmmmem
25 Thetrapezoidal prisms 48 are tapered sections optically coupled with waveguide
| 40 which gather light from the extended light sources through  firly large ares,
uwmumummﬂnnmmmm Because the
* smalless commercally available fiuorescent bulbs are 10-12 mm, the tepered
mhmddwmmﬂudmmofmmdedonthuwduo




extraction of light fromwavegui de 40. Furthernore, none of the foregoing
di scussion demands that any of the faces of prism42 join in a sinple edge
i f - sonet hing about the fabritation techni que, for exanple,
required the the edge o connection between faces be bevel ed or
rounded, this would not depart fromthe 20 L.nvention. In addition,
it is not necesPWBE first face 114 and third face 36 be PCT/US96/00619
parallel. Those skilled in the art will appreciate that in sone
apptications, a slight taper m ght bELpreferred to distribute
the light output fromprisns 42. There is no

requi rement, other than r% . | i .

adaptaton to a particulggeﬂ- -e%,%wg‘rei srrs"ﬁffg'gh%e%air?y

shalo_ed ;)_r tﬁS _eunﬁhm]: sheyficlencyof eransfidr Mﬁﬂz?aﬂhmwe@ﬂ_ gsmhd%lnatotnt

appl i cations, e spacing o N . prigs yary oyer

expense of the \/\/avegurdﬁfgi‘ﬁ*&wm&%@% B ' %MP *g@tg%m

prism42 fromthe "ghtgiﬁ&’%ﬂe&ufﬁ\%ﬂﬁ@iﬁm% cdapled fito prism 48,
regions s

wavegui de 40 in selecte 0o as to onIy al | owI t to escape
wavegui de 40 5 and through poeor two reflestions;the| ugiugndsmmmwm

}32:% 628'63} gggllgn' Al so, %ngmmwmw%mwﬁleuummu
prisms 42 may be provi dsidiledirn theset BAnartyrof hegatioslensstmctarel 39may be ugdl to afficiently
Pﬁ{gnﬂjl)ﬁ;l F‘;It angl e agpqulde Sli&ttolcittptrlter exi t &tglavev?der&mirbmo\ﬁ'aﬁlglg If the diamicter
- oflightmreeS?udLmddlehelgtuoﬂheuwfmeofmpmldpnm“uD
10 atypical ratiois D : dy of about2: 1. Thgwmwgmdedminuud“yutmmhhns
' than dr , and may be 2 mm.
It should be appreciated that this structure offers previously unavailable
architectural opportunities. For example, the light fixture is quite shallow and so
~ does not require a thick ceiling.- Whete dropped ceilings are used the dropped
1S ceiling need not be positioned very fur down from the higher fixed ceiling,
'thuuﬁneoﬂknnsconu!ﬁnumebuwmmgusﬁmmpnnlumanﬁneunmnﬂﬂﬁe
bmofhﬂkywm ‘Other benefits include improved light uniformity
mtwodlmleuglmmpmpwﬂvimoﬂhonmthupmbm
iﬂmmad,mdcim“ofﬂnhglumumbedﬂmedtod\emof
20 mmmtlmgappropnmlydnpedpnmmdlm. Furthermore, the prism
cowu:seandannuuybevmnadamunlﬂunﬂnuaudbtopnwubwmnhnn
ilhumaﬁonmthmm
While one mmycmmmm&hdnmu
discussed above, an aitemative as shown in Fig. 9 may be used. Here, mulRtiple
25 waveguides structures 40 may share a common light source 37. This arrangement
* increases the light efficiency since more of the light from light source 37 is directly
" coupled to one or another of the adjacent waveguides 40. Preferably, reflectors
“surround light source 37 to couple otherwise stray light to the waveguides through
one or more reflections. As would be obvious to those skilled in the art, additional



asymretric spatial distributions of exiting light.
Because the invention nay be applied to many di fferent appl | cati ons, from_._

Ll
to be able to vary t he orlentatlon of prisms 42 with respect ,
to wavegui de 40 to bring about a particul ar desired |ight _
di stri Qg deprggut put. Reference is now made to Fig. 3. \Merruse - will -
assume for SI rrpI|C|ty that the index of fsefraction of prism %5‘%5 equal to.
t he i ndex of refraction of avegui de 40. Snell's Law
determ nes the angul ar spread of the light propagating in

wavegui de 40 with re t I al _an Preferabl Y,
and in the cas@"‘aﬁ"é&ggﬁﬁﬂﬂghﬂ"ﬂp&ﬂ b@ﬁ.’e‘ﬁﬁ'rﬂ%’dﬂa@m
light ray 20 rQpsid e Bédpled to other RailiBiéledies éfWaveglidd 4 | i ght out put

di stribution. For il ust ration purposes only, nmedian light ray
20 reflects off theFigelQrepesentsan swrayofdight sms 42, vavegyide 40im2 at an

angl e per pendi cék‘! Bifl,llnn qlﬂgiﬂlﬂt Ww 6 and at
15 an angl e respect “to sec ace q‘f I'rectional output

of nedian §i ghwmmimuﬂyammmwgBEMMumect to

the surface 33 of ui.de . le 0 ig.a function of the E
particul ar IlgH?'Fﬁbs qﬂ%l %Lﬁ"ﬁmﬁ? 33 may be sonme |ight

di stribution o & ] solitde S%0cah be Bécessitle Suchm al |

angles fromO[err] to 0 le rel atlonshlp eX|sts bet ween the desired

angl e of the mommeqwmn ithe light squrces econd

may
olarr] - a5 v O By eEfs Bieiedip bl mmissepunceof e ?@%ﬁ*ﬁ%“&géy“w' .

Snel I's Liow anmwummmmmmmmm _
o 157G st Fe S ALl e Aol "
exanpl e, in thadvaitage isleasiérserviting’ Ssmwlﬂg_rmonshl p 25
ggnngte derived mere { he - mclex of r fractlo %vegw de 40 dsgr: :m 42
pref erably perm&wmmw ractun 'ﬂunhmdlcofopmdﬁbmamnged
15 dongmedpofmvegndem Theﬁbuhndhemﬂdopnomﬂyberephcedby
reflection. Mmmmmmmwwmmﬂd
be coupled to the light source. This could be usefial in sutomotive lighting as well
ueomudllmlim Mlyuhusﬂ%mdmprﬁably'm%of
20 'tlnhglnﬂnmtbmudmihudwthedmdm
Fis.llmaﬁahmmdimmd\emvnnmopﬁniud&r
illumination from the ceiling of a large fat object 22 on a wall. Most light fixtures
fuil to provide appropeiate lighting for such objects. ‘This invention allows for
' asymmetric light distribution as required by this application. This is accomplished
25 by selecting the shapes of the prisms of the fim, and by selecting how many prisms
of each shiape are provided on the film. A structure S3 only “d” inches wide, of
object (e.g. a painting) that is “D” inches tall where D is much larger than d.




direction for the light, to avoid refractlon of th mﬂlﬂjm
colprs.—In the case where<t he ‘i ght soﬁlmmﬂr“ I I nd in
nature, such as a LED or l'dser, "~ ~° WO'96/23166" °©

PCT/ US96/ 00619 however, the above equation for angle O

doe€s not appli because t he nedi an Ilght ray 20

‘restricted to & pr| sm 42 at an angle perpend| cular to tt@@%ﬁ@%‘n?
of -the third face 36 -1+ g 4 shows alternative prism
shapes 42A, 42B for the crossi section of Fi g. AN ) 1. It should be
appreciated fromthen figures that the first face of the prism

(coupled wth the vvave%gg é ! |!s pl anar, but the second face 32A and 32B
need ner e 13 t8intial | y planar. Dependi ng on fabrication
t echni ques and t he. desired light spill pattern-
t he second face 32A and 32B coul d be curved or coul d be

planar in two slightly ki f f AnappaeamysSordirgt 'i!! light in a desireddirection, the spparaniso m

t he 10 inventi Fig. 5 shows a cross
section of a prim42 i I’IHOEIE¥IC§| cooperation-wth a

correspondi ng concsve |ens 3. mmwmum.wumm

wer e arrapged in Specl att.ern S

bor respond with each b .dﬂni/ wabegtide hiviRg kel iAEX of Fefraction highes than that of irs
. Il

b) .wmmwummmwemmm
mdcxofreﬁtcuonlﬁghuthmtlmofmmoundmpudhmﬂm,mnd.
o third, and fourth edges, the first edge of the second wavegnide optically coupled
with and sized to fit the first edge of the first waveguide; the fourth edge opposed
tozheﬁmedzeofthemondmwe.mdtomhedpdm‘mmpmﬁce,
said second and third edges connecting said first and fourth edges, said second and
wummmrupmvemmmmmmu
15 ¢) amlnplm_nfpnmopnaﬂycouphdwnhsﬁeeafmd planar

2. The apparaws of clzim | wherein the first and second waveguides are
integrally formed.

3. Anapparatus for directing light in a desired direction, the apparatus
comprising: |

Y amepﬂchmgmdgckrewphugmalightm&cmn
mmmm«mmm thomwndimoﬂhewavegnde!mmg
p L] an index of refraction n,, the ratio of n, 10 0y defining a ratio r,; the waveguide
lumﬁmmlmndadu.

b) amluplicuyofpnmachhsmsmemoﬂdmmn
ng, the ratio of n, 10 nz defining a ratio r;, the ratio r; approximately equal wo 1,
each prism having at least first, second, and third faces; and



In such an enbodi nent, umﬂ“ullﬂ" ml m of prism4l is broadened to match
t he 15 reqU|r H ticular application. For exanple, a

prism i an noex of * S tef FaTromr—o—tr e yght—output-
distribution is +/-35 degrees and a properly posi ti oned )
de-focusing el ement, such as a concave .lens 39, would provide a greater
angul aryy Bg,gﬁ&to the light distribution. This enbodi n?&m'- Lde bE
advantageous used in a comerical lighting app ?cation :
where the pref erred angul ar |ight -130 distribution is +/-60 degrees..

Alternatively, scattering elenents, either internal or
external to prlsns 42, may be used to broaden the ouput distribution, but

with a tg&rnat e
enbodi nent of thel nveﬁ%l on WWSMWM‘B%&&
represents |MMM”MW§¢MMM stantiallyDlait, ached to a

25 mvegubﬁwhﬁdgwaﬁt Ca.I-_-._-;.:f.-_:, #&?&e&éﬁﬁﬁ &ﬂe@or ar(zalll'?'ﬂte

source 44, su

lanp 44 i's phavidg pertion tunberit 20 plahé sub perpendicular td fiedesiedlight' avay from

the edge to allow,the focused rays:to couple efficiently into

wavegui de 40! y, lanp 44 also conprises a light filtering device

to ' ‘ selectively transmt ‘and or reflect various spectural

content of the |anp. For WO 96/ 23166 .

PCT/ US96/ 00649 wofdansmﬂuﬁmmdmmoﬂhe : - 9-
wweguidcmpmﬂel. )

10 s, | mmaMSMhmﬂmmwﬂy
' btmdoﬂhmmal. -

‘s. mmamamummdmmum
15 7. Theapparmus ofcleim 3 wherein the third fice of each prism s planar.

5. Theapperatus of claim 3 wherein the third face of each prism i & convex
20 9 MWﬁch;wMthmuofmhpﬁmhaémve
10, Theapparatus of claim 3 wherein the third face of each prism is an aspheric

11. . Anappmmbrmwnmammuw

comprising:



exanple, if waveguide 40 is a pl astl c material; inf Im mllg“lullmum ovi de
unwant ed heat bui | dup.- Addl t| onal I Y, ﬂ I means
45, such as specul ar diffusive ' ref | &ctor s, defifne*an

aperture 47 al ong edge 21 Preferably, reflecting neans 45 is

al 50 enpl oyed al ong the opp05| tely disposed edge of wavegui d?é&&é%’
recycl e |ight WO%R3¥ys back into wayeguide 40 that did not ?

prisnms 42. weaw | N orddr to |rrprove the uniformty of the
light emtted fromthe wavegmmde 40, a li.ght source

honogeni zer 46, preferabl t he,

wavegui de 40, all ows the® YI ghf mwhﬁﬁméﬁmmw :
uniformy fill the ghereto, said firse wavieghiile Rivingcinintiek 0¢ thairiiihe éFitshi S
enbodi ment prevents uneven Ilght 10 br| ghtness w thin wavegui de 40
and results in a no mextractlon of light from
wavegui de 40 by prisms 4g Qé“ﬁ@u%i{ap éﬁfp ﬁrpf.#&aﬁgazoi d-
shaped or any ot her appro ri ate shape Eﬁf # ecting matefrral 45,
specul ar or c)i f f amultiplicity of:prisme optically toupled svithafice ofsaid| plapias

source 44 may aslo | oyed to recycle lLight. The |ight
source nmay be a pargﬁﬂl w focused short are |ight 15 source.
Alternatively the shape of the light source reflector nay be nodified to
uniformy fill waveguide structure 40 wi thout the need for honogenizer 46.
Fig. 7A shows head-on the input face 43 of the trapezoid of Fig. 7. The
input face 43 need not be square but need nerely be selected to be |arger
t han t he spot oT’"']lght fromthe parabollc reflector. 20
Fig.8 shows a shallow |light: ™%t ure accor di ng to the ™ Ttnvention using two
extended |ight sources 37 and an array of concave | enses, together wh

trapezoid prisminput structures 48 and arcuate reflectors
49. Alternatively,a reflective . ~material nmay be substituted for
one of the two trapezoidal prisminput structure 48, | i ght
source 37 and reflector 49 conbination to recycle light wthin wavelight
40. 25 The trapezoidal prisns 48 are tapezoidal prisns 48 are
tapered sections optically coupled with wavegui de 40 whi ch

gather light fromthe extended |ight sources through a fairly | arge area,

B



and through TIR the light is guided into the thin nain wavegui de 40.
Because the snal | est commertially available fluorescent bulbs

arc- Io- Iz mm e rapered strocrUre-seen ey T o T euuce e

t hi ckness of wavegui de 40 so that wavegui de 40 WO 96/ 23166

PCT/ US96/ 00619 : -10-
has a thiggwasisguch | ess than dictated by the dianmeter o 'PSTSMO El?t
source. To o maxi m ze the efficiency of transfe&c% I'g into

t he wavegui de, an involute or - arcuat e-shaped reflector 49 is
preferred to avoid redirection of |ight back to the sour ce.
Refl ector 49 redirects the light that wid not directly coupled into prism
48, 5 -and through -one or two reflections the |ight has additional
opportunities to enter prism48. Alternate of reflector 49 are
possible as is known to those skilled in the art. An array of
negative lens structures 39 may be used to efficiently spr ead
the light output of prisms 42 to a wider distribution angle. If the

di anet er of light source 37 is dlerr] and the height of the

i nput face of trapezoid prism48 is D, 10 ypical ;ratio is D
dlerr] of about 2: 1. The wavegui de thi ckness aﬂ ] is mdB | ess

than d[err], and nay be 2 nmm ft shqul/d be appreciated
that this structure offers previously unav3@<bl e

115
32

110

M M4
FIG. 1

FIG. 1A
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- —————

ar chi.t ect ural opportunltles For exanple t he Ilght fixture is quite

U UUUJ IIUL T \..\.1u| T A ( [II \.,T\ C

ceilings are.used the dropped 15 ceiling.need not be p05|t|oned very
far ‘down fromthe higher fixed ceiling, . -therefore offering

cost - e building techniques, heretofore unavai ; °
becau? %‘SB I Ky lighting fixtures. Oher benefits i kg?)HEMr oved light
unlfornlty over two dinensions, less glare in peripheral vision .
of those in the space being 217 i Iluninated, nore efficient use of
the light since it can be directed to the areas of 20 “interest
utilizing appropriately shaped prisnms and | enses. FUrthernDre the prism
coverage and size nmay be varied across the wavegui de to provide uniform

illumnation in the target area. _ Whi | e one enbodi ment
may conprise two extended |ight sources as di scussed above, an
alternative as shown in Fig. 9 nmay be used. Here, nultiple 25
wavegui des structures 40 may share a common |ight source 37.-This

ar r angenent increases the light efficiency since nore of the
light fromlight source 37 is directly - coupled to one or

anot her of the adjacent wavegui de 40. Preferably reflectors
surround |ight source 37 to coupl e otherwi se stray light to the maveQU|des

t hr ough one or nore reflections. As woul d be obvious to those
skilled in the art, additional: WD 96/ 23166
PCT/-US96/ 00619 z o -11-.

Ao Y =

40

FIG.2 ]
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wavegui des 40 could be coupled to Ilght source 37 and additi onal light -

SQLLCes —could be coupledtootherQualladle—sdges—of wavegi de
40. _ Fig. 10 repesents an array of |ight directing

pri.snms 42, wavegui de 40, in conbi nation designated as a |ight
di frecting structure 53 and an additional - 5 wavegui de structure 54

optically WO@pPHEto a |ight source 55. This permits |i ghtPCI/US96/00619

source 55 to be renpte fromstructure 53. For exanple, structure 53 nmay be
relatively inaccessible to users and yet the |ight source 55 can be .
accessi bl e. Such an occurrgyce may arise when structure 53 may
be in a ceiling and t he | i ght source 55 may be at floor |evel
to facilitate mai ntenance of the |ight source 55. Another

exanpl e woul d be roadway signage, where stucture 53 .illum nates road signs .
hi gh above the roadway. Here, light source 55 coul d be at the
road surface. One ° ~advantage i s easier servicing when the Ianp
55 nust be replaced. Another - advantage |§=;ha1 t he heat source
is renoved fromthe illunination source. g < exanple of
addi ti onal wavegui de structure 54 |s.a—bnn e of ogtlcal fibers arranged
15 al ong an edge of wavegui ,&0 The fiQ undlecoul d optionally be
repl aced by . : ot her wdvegui de strycturgs “Whi ch ansmt |ight
with low | oss through total ,imternal . I Dependi ng on

t he ‘source, nore than one Plght- directing { be
coupled to the Ilght soupée Thi s could be U tive lighting as
wel | as conwer ci | east 60% and
nor e preferably 709 s distributed to
the desired | ocation. i ght source

according to the invention~ iy R _ _ i J@fnation fromthe
ceiling of a large flat objfecty QA : i i Jtures

fail to -provide appropriatgsli¥hti - - i nvention

al l.ows for asy uired bt this

application. This is acc0qnlnshe' : A1g te shapes of the
prisnms of the film and by 1 2N i - et

FIG. 3
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of each shape are provided on the film A structure 53 only "d" ‘i nches - - \

W ghem——at SHE oW ettt - BRSO aR—RoRetReles—provi-de
even illum nation across an - - ' object (e.g. a painting) that is .
"D'. inches tallF where Dis nuch |arger than d: : WO 96/23166 ' '
PCT/USQG/Q&B
What is cl _ L. An apparatus for (ﬂ%’ﬁ’ﬂ?ﬂ?l ght in
a desired dlrectlon t he appar at us conpri sing:
a) a first maveguide having a first nge and a second edge opposed
thereto, said first wavegui de having an 1 ndex of refraction higher than
that of its b) a quadril ateral second wavegui de,
sai d second maveQU|de havi ng an : i ndex of refraction higher than
that of its surroundings and having first, second, 10 third, and

fourth edges, the first 3i¥e of th second maveQU|de optically coupled
RSN ﬁa h

'/42A

FIG. 4C
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with and sized to fit the fimedge of the first wavegui de; the fourth edge
Opp-gs.erl + fhg__fil’QT i i

edge defining an input face; said second and third edges
connecting said first and fourth edges, said second and third
edges each_defining respective acute angles with said firm edge; and

15 c) WP icity of prisnms optically coupled wit M"&&W‘Eﬂ sai d
pl-anar 2. The apparatus of claim 1l wherein the first and
second wavegui des are integrally forned. 20 3.
An apparatus for directing light in a d®ddired direction, the apparatus

a) a wavegui de having an edge for coupling to alig our ce, ége wave

gui de having an index of refraction n[err] the surro he
wavegui de havi ng 25 an index of refrgctio r], e ratio of

nferr] to n[ferr], defining a ratio rf[err];
havi ng first and second si des;

each having a respective index of refractio nferr], the ratio
of n[err] to n[err] defining a ratio rferr}f, the ratfo r[err] approxi mtely
equal to rferr], H prismhaving at least firgt, second, and

third faces; and FlG. 5
| 40

3 T 7 & I
7 - o - -

£ 45 FIG. 6

2
7 2
| 7A __ /4 ',40.

FIG.7 Le7a

/43

46 FIG. 7A
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WD 96/ 23166 _ PCT/ US96/ 00619

_1'2- N— R)ﬁ 1'_1)9 'Fjrc'f,
characterized in that the first - face is optically coupled to said
wavegui de; the second face is substantially planar, and defi nes

atilt angle with respect to said first side, the third face of each prism
having a poWVPP#1&ngent to a plane substantially perpendi EGFES061%

desired light 5 out put dgrection. 4. ~The appar at us of
claim3 where the first and sa&econd sides of the 10 .. 5. The appar atus
of claim3 wherein the wavegui de and prigggs are integrally f or med

of the sane material. 6. The apparatus of_claim3 wherein the
second face of each prismis planar. 15 7. gé?paratus of claim3
wherein the thigg face of eacQLiIQLS 0 ‘/,4 49

\ N AN AN AN/

20
37 48 40 * 7
~ FIG. 8
TN 47/7/442
o a7 4i)

FIG.O -

53
FIG. 10
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8. - The apparatus of claim3 wherein the third face of each prismis a

C ORvkei@ 2 — L.

each prismis a concave ' -10. The apparatus of cl'aim 3 wherein
the third face-of each prismis an aspheric ' | ens. 25 11
An appar a r directing light in a de5|red direction, the a rat us

WO 92?231%@3";’” 29 POS5EID0619

PCT/ US96/ 00619 = - - 14- a)

a first wavegui de having a flrst edge and. a second edge opposed

thereto said first maveQU|de havi ng an 7#ldex of refraction hlgher than t hat

.of |Fs - | B |<--(j-—-44
s

" FIG. 11
SUBSTITUTE SHEET (RULE 26)



b) a second wavegui de optically coupled to the first edge and 5@%%&%
/ - i . £ i A ey o S VMSYATITA] W=Ya WYY IS

ith o face of saj

CJ T TP Tyt -SHE .
first wavegui de. . a-\
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