';eSeLLNGTXkA ~ ~ 7 MAC 2003 | LLUM NATI ON SYSTEM USI NG EDGE- | LLUM NATED
HOLLOW WAVEGUI DE AND LENTI CULAR OPTI CALaSTRUCTURES BACKGROUND OF THE7 MAR 2003
INVENTION S This invention relates to illlinination systens, and nore
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arranged transparent |light directing arrays (LDA) that provide a |ight

8_ut|tou_t bf{_omthg i::)Ieurri _nati BEAEXTRD id]g lf)ﬁg I ] eg ?Egul ar y I
istribution. 2. scripti oth conventi ona
paper tsasks, which are typically perforned on a horizontal surface with the
viewer's eyes directed downward, and for conputer-based or visual display
term nal (MDI) Fi thetl i typically perfornmed with the viewer's eyes
directed toward the VDT and which include part of the ceiling in the field
of view For VDfpiasishuioh trelates td'BNfhidbod 28hd i Lfgaafce
of lum naires Pﬁglt aﬁ@d}oisnetﬁg celhﬁ{’ng togs}r%lfklrilTlS r’n%e@é??@%ﬁeq lg’rlg)raen %Hrg@qn
veiling reflections on a,VDT,. As eneral ruyle of thunmb) the cejling

| uni nance %’HB\!’P%’OH&YSB’%&‘EI)“‘%‘% a(ﬁ‘ilg‘?” tYa¥egUIEH Apa AAne; ofe tWayptagkinglyn arrangey
e.g. Anerican National Standard Practice For Ofice Lighting, ANSI/IESNA
1ZP- 1- 1993ranspareulight. digefihg agaysutiDa) thet pravideadigbt outpayfogl thed]lumimatient he
vi ewer sees the inmage of the illum nation systemon the VDT; area glare)
wher e 13N afy@inPhavitig & pledeemiapd endBardisttibgtiod)T; and uniform gl are) which
results ina reduction of the brightness and contrast of the 25 VDT. Each
of these glare problens adversely effects a persons ability to perform VDT
- 7 "~~t~" 2003 , tasks. For indirect lumnaires, a generally w despread
light di st{i but ! on and uEi i oEm | i aht out put brightness will address glare
probl ens. 4 gripion L glare effects will be further reduced by
controlling the light output fromthe lum naire at view ng angles rangi ng
from bet ween S5Lymimabes ee illumingtien; sygemraiiRisdt iRaan pﬁ'@eawr_ag@emmuahhee
g o e ek ypoen o cped 1 Lhe
engt hwi sesuited for bsimeawentianat paprrs arealygic @ haizg se
and crosswi se directions). Consequently, it is desirable to provide an

i || umijsat i QPfasy Githfihé Viee adyesrdiret@e downoaid, ahd frlcompardr-bededlor wisuyl disgay se
or "clean" cut-off angle; the cut-off angle being that angle beyond which
l'ight out i 'l‘ﬁ | WHjcRakd Qi Iriedwitts He vidwier d det GiRbdieERWard"
visual ly %g%l%éllgﬂ%eaa%ﬂ_esf Care bﬁpzhgﬁ?rom _cell? mg‘fum’ a%res ar@ :
e bt o Ot e SR e o) 0B hingn Rl HEHACSe vl ot VB Shasdf £ ©

efficient !

therefore important to control the luminance of luminaires installed in the ceiling to
minimize reflected glare or veiling reflections on a VDT. As a general rule of thumb, the
20 ceiling luminance should not exceed ten (10) times that of the VDT screen. See, e.g.
American National Standard Practice For Office Lighting, ANSI/IESNA RP-1-1993, pp.
34-41. Ceiling luminaires may cause: image glare, where the viewer sees the image of the
illumination system on the VDT; area glare, where an area of brightness appears on the
VDT; and uniform glare, which results in a reduction of the brightness and contrast of the

25 VDT. Each of these glare problems adversely effects a persons ability to perform VDT
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new y devel oped |ight sources may cause danmage to a person's eyes, if,
viewed directly.,', In addition, bright.light directly entering a per756Wz%uﬂ3
eyes will lead to fatigue and | ower worker” |5 productivity. For these

reasons, itplg m&hhﬁiré’c‘?%rﬁﬁﬁir@s,tao%d?feﬁh\{l:yd\eidédbréakﬂ [k Q190 oRYHACURI fARM 1§}t @
controll able and clean cut-off angle. Illum nation systens provide a neans

for redirecting, ljght output,froma light spurce.to a,specific |Qcati

For 11 ght - SOUELEIERIFsh Y RagHrF S GIRa meoaps-o R oitic widesehte alere effec® will b
Nos. 4,984,114 to Cobb et al. (the = 144 patent) and 5, 190,370 to MIller et
al . (the 2QuhBaCregadedrity)codirellingske Hightl aamput ftogmiha durnimaire pt viewing dnglesirandingle
a plurality of prisns within which light rays fromthe |ight source are

totally intprnaldweds5eahedobatel &t W?e:]cghﬁ&xllgéd)mai ige laliérdpi ﬂ@@&éﬁ o

The light source emts either a cone (t -. patent) or i mat e
beam of _light (the '.370 patent i ntacts.the prisns at a snpll angle
weh O 8 - Spht Yewing flF aohedaetd 850 A7 Dire Vit B b dEneiiuds Rl erosatne
illumnation system Virtually all light rays emtted by the |ight source
enter the piirestiensamd at mepyge bF 451 torthe ldngthwisesandenosswyist dmectitns). aGonsequently,
di stribution of the light output is controlled by the limted angul ar

out put of thes ldesiible Wrpi6vidRtar MAuRINkEGH sHRém| haPEaY ipdevilda BRAMHabE W ch
the light rays emerge fromb5 the illum nation system Consequently, the

rum natl oh. Y iRl GOlRaRd ol BRZE. {h@fcﬁf.sﬁgﬁ@eﬁg@@%@@@%ﬁ@ Which

| i ght sources emt narrow beans Or columms o sources

havi ng a broad or disperse angul ar .distributjon of .ljght rays, U S. Patent
No. 5, 676, A1g8t ¢ gptpuly k‘pg}‘?w ?F-‘ 'gt““éﬂa.“"{‘t fystem 518 ﬁaﬁfeﬁl&‘;}’gdfl%’&{t%"géﬂé &R Visually

illumnation systemincluding a collimating totally-internally-reflective
| ens th@t medoticeabk. | i ght rays froma 10 fl uorescent |ight source to a

| ight target zone. Wile the lens redirects, and in sone way, orients the

light rays fromgiag |dreblemsOBoRE HirghaMmeiiRedeart I exickibated IbyMunatdoffinued
system the uniformty of the output is not controlled by the |ens

di scl osed i ' e t } r [o=22T
"hot spot S,d?ve‘é%rﬁex{ith%tﬁ%rﬁéiﬁﬁi 2&?%? g‘?‘éﬁgeufl Bd‘i&lgrgléc%ggﬁttlzéﬁ#os?iﬁﬁagg)r&@%nt rorﬁs ng
one direction of angul.ar,distri ' ' : . i Of
angl es. of - FURt Srvelihen apbiSiidnd] GRaphubblh a Bl e 0l dRbbC fy
two gener al Ig, orthogonal |y arranga%g corrugat ed sgg tg iiadi sclosed in U S.
Pat ent No. addifigp, t tightedirectly epleringa) PEriPMARYES Wty tpad 19, katigye e Wkt s
disclosed in this reference are characterized by a property referred to as
octatut® phelueiivitys ufoadkse oeasohs it asrbighiyldesirable to provide aadilsingation spstem
either parallel or perpendicular 20 to one another) and surfaces on

opposi t e shasg afcohf?6llfbly indoaéaccutdeRingty.e at 45 to each other.
Consequently, the included angle of the prisns of the corrugated sheets is

necessarily |imifadid.009Cysiehhd ogﬁ{e%rxﬁ&ﬁx‘g f&ME&iF&Eingiiigm'&ﬁﬁﬁ_ﬂaﬁ?a light source

desirability of concentrating th i ght output fromTthe |l'um naire over the
e

angul ar vi ew ng r.ange hetween,0 and 30,.from nor - PEAR..2003 Ther
o st o a nion Perfindscaony B5F Lgn ek pab R R AN spepies oulpd ABTRE P
input from5 '

P Patent Nos. 4,984,114 to Cobb et al. (the ‘144 patent) and 5,190,370 to Miller et al. (the

20 ‘370 patent) disclose hollow illumination systems that include a plurality of prisms within
which light rays from the light source are totally internally reflected before einerging from
the illumination system. The light source emits either a cone (the ‘144 patent) or a

collimated beam of light (the *370 patent) which contacts the prisms at a small angle with

\]



.a variety of different Iight sources and that provides a |ight output )
havi ng a predeterm ned angul ar distributkjon-wth a clean cut-off an"g] AR A3
good light output uniformty. SUVMARY OF THE | NVENTI ON The present

i nvention i j i { : y i Al 1 ihe system
may i ncl u&%f)%yﬁgﬁ %jlnréeés(i %?1 Og%‘t %gga%gr%F ﬁnﬁ'g&gﬂﬁ gg‘ggﬁééerﬂ't g&?%dlﬁ%]sa ”2“ k}g ra?’?g The
present invention also provides an illum nation systemas defined in Claim
9. 10 Theewmitiadey thajighhsquicrenterathe @rsmF aad emergsyiram theaJumination systems The or
11. The present invention provides an illum nation system having a hol | ow

wavegui deapditdruflitiguiion St tantgseaaps ikicohiroltid' BE tHeNGmaéd aNgulbl Qipur SRGR
having a plurality of generally 15 lenticular prisns defined.thereon and

arranged rall # it 0 ight rays from
Tan e el ka the BIARE cke iokqlid SE Hiden} By RAGCH Bk 180t Y Yierd Wi
wavegui de t hrough a |ight output si de]‘ ar}gnerrer,ge,f romthe illum nation

syst e at thg PRBHBIEsKEams | Jxonspquently.n then dhymipationy sxsigms odiselesedr imthesen.
The light output flux and angul ar distribution can each be independently
cont r ol | erbférences arershitad enly fohliglitesopresthat enzio nanove bednasortuolinss df ket 0
provide an illum nation systemthat can.be configured for various tight

out put di stri bpg Oht 388 hRRE LYbroROSH diSPERR! shgular d&&isuﬁzﬁ%‘é@rtghf ng&” vhe

illum nation systemincludes a holl ow wavegui de having a Ut ~side

I
t hr ough ich i froma,igh ource enter. the holl ow wavegui de and
o | Pont onkERNe Rre P iR ot st (B8 0 e Fincioher AR P Re AR e
The illum nation system further includes a first light directing array
havi ng a Priuding p ietlimating tqtally-intemalbyeredestivee lins jbagt s irenty light eaysnftomi ght
directing array having a second |light directing feature defined thereon.
The flior st flaorescarclighd sbugletto @i light tarpes Zoset Wisite the dersrredingey) agé e sahé Yvay,
orthogonally r with respect to each other, with the second |ight directing

array CONgHdntd e Iigherayk o Haliight souréasthey &RerB® HoMNhLaNGHIthE6 ?}Q%,WRA | ow

wavegui de may be generally rectangul ar, square) circul ar, annul

. | . ) h | | | i )
triangul ag.con e %Itel g,?tpgﬁ%eéa F.Ig’ngtﬁot‘ﬁeés{ A he Feggpa‘:f%ld%eélqulglr%l EFQ%S'?FSI and it h

plurality our ces nay be optl

t he hol | ow wavegui de of the present invention. The jllumnatiqgn system of
the pr ese‘fﬂ“sﬁwg'rpf’i W‘nﬁﬂ}“‘i"ﬁnﬁ‘r"‘?’s@r’ﬁa’g%ghﬂ W"s-rl—ectl‘ilﬁﬁdpa‘r‘éhgp?d’ efRnFeYui de
having a |ight 'nm side through which light rays froma |ight 5 source
ent er t hedisrdddendnilosing puicgutreliing Ane digestionafpogulat distribution whlight dutpits cleay s
energe fromthe holl ow waveguide. A first light directing array having a

firstsli ghit-offi an@iels iof greatea thaneppriximadlytdoe aratot pogditde.second | i ght directing
array having a second light directing feature

A luminare having two generally orthogonally arranged corrugated sheets is
disclosed in U.S. Patent No. 4,452,449 (the ‘449 patent) to Whitehead. The corrugated
sheets disclosed in this reference are characterized by a property referred to as octature —
wherein surfaces on the same side of a corrugated sheet are either parallel or perpendicular

20  to one another, and surfaces on opposite sides of the corrugated sheet are at 45° to each
other. Consequently, the included .;mglc of the prisms of the corrugated sheets is necessarily
limited to 90°. This reference further discloses the desirability of concentrating the light

output from the luminaire over the angular viewing range between 0° and 30° from normal.



defined thereon are included in the illum nation system of the present
i nvention. The first and second light di rectl ng features are arrangedMAR 2003
general |y orthogonal |y W|th respect to eath 10 other and the second l'i ght

directing array rrprr t he | veaqu

BRI EF DESCRI PT] B¢ Eﬁﬁﬁ\)&‘ N}Ega'{rf?g% p\x‘i’ﬂﬁ“@ﬁ” \g/)II Sfﬁs‘lp g’é‘? Srécregts g @9”f ftGin
under st ood and further advant ages will becone 1 S apparent when reference

i s made t oa Virgety of dofféreny litt abbrees atwkthat provisies aflighheutputhavingd perdotedinined: s
of the invention and the acconpanying drawi ngs in which |Iike reference
characters v and

wher ei n: gﬁl‘éﬁ)g?ﬁl@&dyoﬁ%‘ggg glegglﬁ%n&?&%’g%%oaﬂ%lfI%E%Ihﬁg?lrdgﬁl yst em havi ng
a single I i ght source) a holl ow wavegui de, two stackingly arranged |ight
directing arrays each having a 20 light directing feature defined thereon
arranged generally orthogﬁnall wi t h riﬂgect to each other) and constructed
in accérdance with the p INVENTEON a cross sectional view
of aniIIum'nat'nss mharn as | i ght .source, eperal ly

pol ygonal hoI I o %ngﬂ(fa%‘,’e I%QEPXBIGS Il}h‘ lrl%@bayrt?@h%s g?ﬁ%itinng 6 - ~
r-~rai? a< ﬁarrays each having a light directing feature defined thereon
arranged genera |y orthogonally with respect to each other and di sposed in
general |y confrDhé i gtaRPamyt iiRElube BRCHeANMRE" of MY TARS of Uklofd df
accordance with the present "invention; Fig. 1 c is"a cross-sectional view
of an il wepsadentClyms@motiavi ng a si ngl e light 5 source located generally
behind the output surface,of the i]lum natl on system a generally pol ygonal
hol | ow vvavegw dehe (RiGSEta iengiop alspamgedes g THpmérationg systeay fiseach
having a |4 hr H]@g feature defined thereon arranged generally

or t hoggnal wth Tespéct to each other) and constructed in accordance with
t he present ' nVﬁ'iH kﬁiemﬁhgﬁ idclulé tie FaBBes %?%h?%éﬂe ?é’i’ltctflla?'ﬂ '1P| um nation
system having a single t 10 source, a generally” polygona ?10

wavegui de,ord ll.i ght directing array having a |ight d| rectl ng feature defi ned
t hereon, and constructed in accordance with the present invention; Fig. 2a
IS a cross-secti onal view of an illum nation system having a single |ight

source, a gengpa Ieéertqmangml aav.aed LIRSS SBtent WViAL AAHHHEH! ara@gr.ﬁraged
i ght directing grrays each having a light dirécting feature defin

t hereon ar e raII nal | {0 ch. ot he and
const r ucrElaE A Erbidond it RRERT TR oA, Sarh TR fSreDR B ey

vi ew or normal angul ar_view of the i I | umi nati on sxst em of Fig. 2a having
mul ti qhelepewlﬁ‘hw%mﬂ Jefined shereen ppdyprangsd cenerally aaheganally wthelasneﬁt tecksshdance
with the present invention; Fig. 3 is a cross-sectional view of an

i |1 umi natthen Isight mys frami abight seuncg eptentheuvaveg@ide tlirgigh & bgitdeput aidgendr thel y
circul ar holl ow wavegui de, two stackingly arranged |ight directing arrays

each havivigegaide @hbugh helglitnghtp@aiite andedmdigel fidiero llanhmugedygeneaahl y
orthogonal Iy with respect to each other) and constructed in accordance with

the pr es&%&atk@%ﬁ@& QR (ie. mtensnty) and angular distribution. The light output flux and

angular distribution can each be independently controlled in accordance with the present
invention by the LDAs to provide an illumination system that can be configured for vanous

light output distribution and intensity requirements.



- 7~ ~~f? a~3 Fig. 4a is a cross-sectional view of an illumnation system
having a single point-1like |ight sourlﬁt a general ly annul ar hoIIow7 VN?@M
wavegui de, two stackingly arranged |ig directing arrays each having

light directing feature defined thereon arranged generally orthogonally
with respect to each other, and constructed in accordance with the present

i nventi on; Tie ffigmindfoh System Hx%ﬁrd&?‘ét hAAY wé'v@%Mi&f ha¥ing |d UPhBiplORidgRY St em
havi ng a generally round hol | OM/MBVGgUIde) a first ra |aI prismlight

direc econ nnul ar rectr ch _having a
1 e haieacpRinl gBEwgs HOGEF eBEFbiE et el yaiude pia uRRueal 1y
W th respect to each other, and constructed in accordance with the present
i nversidefrom whidh kightaays emengeiframrahe hellaw eveveguidae The lilwminatipmsys§rst em of
Fig. 4b showing a radial prismlight directing array stackingly arranged

Wi t h fapchen mehales B fisslighg direstingestdynbavihig ayfirstlight &ifectifig desttueSdeffiedt i onal

view of an illum nation systemhaving a single |ight source, a generally
t I | | t
cocy P R g e R et VRS it

orthogonaly 1 mnth respect tog each other) and constructed in accordance
wi t h thersopr dderfirss andoproond lighy directipg jfeatyres apmarrangedy genergliy orthegemalint i on
system of Fig. 5a having nultiple peripheral |y, ,di sposed |ight sources; Fig.
6a i swizh paspeqac eacheotherwithf the sédond tlight dinectinl raaway cogprsing yheclighg ontpet ed i n
accordance with the present invention; 20 Fig. 6b is a perspective view of

a seGadof the h&ndwrwea%gmae AP ANl VS RmA b AESRFMPE e, ddreDT esent

i nvention; |gs iIs a S|de view of a |ight dlrectlng array shomnng t he

i ncl uded, angl e nd a & d| tr| t n ~~~~
| o el haSlas il bPln B TesBihl PolyBORT sBavs: vhBbe PP “out put
di stribution and |ntenS|ty of an illum nation systenrconstructed in

accordance with a preferred enbodi nent of the present invention; Figs. 9a -
9d are detailed views of various lenticular prismconfigurations in 5
accordance with the present invention; Fig. 1Qis a graphical
representation of the included angle limtations for acrylic and

pol ycarbonate |ight directing arrays cal culated in accordance with the
present invention. Fig. 11 is a graphical representation of the |ight

output of an illum nation having a mrrored back and constructed in
accordance with the present invention; and | O Fig. 12 is a graphical
representation of the light output of an illum nation having a diffusing

refl ecting back and constructed in accordance with the present invention.
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The present invention provides an
illum nation system having a holl ow waveguide 1 S including first and
second light directing arrays (LDA), each having a plurality of generally
| enticular prisns defined thereon and arranged generally orthogonally with
respect to each other. Light rays froma |light source enter the wavegui de
through a light input side, exit the



wavegui de through a light output side and energe fromthe illumnnation
systemat a predetermned flux (i.e. intensity) and angul ar di stri batli Y 1005
The |ight output flux and 20 angul ar di stribution can each be. i ndependent |y
control | egf lighta%ﬁ?ééiaﬁﬁ? ¥ bpriddNg %@pﬁ&ptwiihnuﬁnhbmwbwa\legﬁ'dkf%ﬁmﬂeo RO de
an illumnation systemthat can be configured for variou ﬁlg t ouPpu

di stribution and intensity requirenents. 9 - 7 Mhft 2003 As used herein)
the ter m™§8i%ent angle and exit angle refers to the angle a light ray
makes with the normal to the surface that the light ray strikes. Referring
to the draw ngkhe iilturfringtiord syleme of Sthghemserdninivehiiti mady @Ompyisé &M gkerally
accordance with a first enbodi nent of the present invention. T

he
i1l um nat}j t i ‘ . 0, V, i de
50 havi ngcamEui ol cplil Haihe @ IREDFRR! it (G LRGeS fent
sourcg 20 enter the ho‘IOM/mav&guid 50,. a ?ene[ally reflective side 54
| ocat ed SPPEEinEErthe hpilewiwavegtife snde Beht outp sidestromawhich lighy raysoemerge
side 56 | ocated opposite the back 52 and fromwhich |light rays emerge from
t he waveduim ¢hediblloiv wineguldeu i fiest light disestimgrartAy. halivg bAssk liphk, ditec g feanirput
side 56 and side 54 may be unitarily 10 forned by extrusion, injection

oe. T ; . ]
mol di ng) Rfin&t brechl 4Ad @Eec@ﬁﬂ‘qlgﬁi:ﬂﬁéétg% %q%gﬁ@a s@éo%ﬁrll@%%h&uﬁé‘ger%rﬁﬁrghe

conponents may be separately fabricat stened together to

hol | ow wavequi de 50 of .t he, pr.esent, i nventi on. The.light source 2Q.is
pr ef er abi ek dRash B¢ inelfaetiE e PbBH eyt the PERFRCAUIER. « S FBF | ow
wavegui de 50 at an_angl e, generally perpendicular to the norpal (i.e. O

vi ew ng @9gisecasd light direqting; features aresyreanged generatly; erthogonghywith sespestdn eac
elimnates light "~ hot spots" and contributes, at least in part, to the

uni f ¥® m ditlstrranduthe secaid lighy htireoting atraf rcomptikes thee| lighit roatpud sideysft the Hdllow
Alternatively, and as shown in Fig. Ic, the light source 20 fmay be | ocated
i nsi de t Ravephid@w wavegui de so that it's light rays run generally parall el
to the normal view ng angle. Although this configuration may provide |ight
' “hot spots", control of the angular distribution of |ight output fromthe
20 illum nation system 10 i s nonethel ess controlled in accordance wth the

present invention and es E@i&&%ﬁﬁ#sed herein, the
term "hot spots" refer “'ﬁ.nﬁﬁm at the |ight output
froman illumnnation systemis brighter in some spots when view ng t he

li ght out put . Thejigventipnpaill bo mgze fldy waderstand and derther adwantpgegwillbbegome si de
S6 define a light channel 40 within which [ight rays fromthe |ight source
20 propagppaentTivherlhaefsreide ismynalde to aipl fellevingrdetdiledt deseriptioncbf de preférredor |
for , or alternatively) the back S2 may be partially reflective and _
parti al | woibalinihd KP thd irventitel Lid RO ob iRy ink Crafifel ifSwhich 18! 1RSI 1 N0
array (LDA) 90. 1n a preferred S enbodi nent, the back S2 conprises an LDA
90 havin Lural i ty. er al | enti.cul ar J {.ned
! ongi t ude HERRETS 8?‘8%1’50%% Rl touleBDle e ebag(r'\’graaglaf@évgg%y'l el to light

i nput side S8 _of the holl ow waveguj de S0. . The prisns 94 of LDA 90 defjne an
el uded ang! 15613 Faf FSPFRRBHIE Bb AR ST HEIR diAyinkos SR Ggh

nost preferably ) .
source, a hollow waveguide, two stackingly arranged light directing arrays each having a

20  light directing feature defined thereon arranged generally orthogonally with respect to each
other, and constructed in accordance with the present invention;
Fig. 1b is a cross-sectional view of an illumination system having a single light

source, a generally polygonal hollow waveguide, two stackingly arranged light directing



approxi mately 110, that controls the anmobunt of |ight rays that emerge from
the back 52 of 10 the hol |l ow wavegui de 50. For an included angle of -7 MAR i3,
approximately 110, the LDA 90 is totally itht er nal | y reflective (TIR) for

i ght rays > i =1 i MalnGi I

appr oxi mat eﬁg't%?gsg/f}g@ﬁﬁﬁ%a P‘?Gﬁ‘?‘@gﬁl}%@n&’f tcdg(lehidymf ﬁgﬁla?rgﬁéed:%ﬁre %@y%ﬁt gﬁ%r?aélg
fromthe back 52. (i.e. through the LDA 90). The partially ref|ective and
partial |y reigheespoe Beerh Dihepapdidispospdoineteaeiat nicRatoRtBLIRPOSIIoN;tg Isach athert o
energe fromthe back 52 of the hollow 15 wavegui de 50, which provides a

cont r ol | ablggdasnstAictdf inkRedcdarte Wittt ippgedtdnivéntiend | | um nation system 10,
which is desirable for certain illum nation system applications. B

Yy
changi ng the ingkuded .ang 98t t, (i . rc . | L.aht f.avs
energing from tﬁ%‘gbgg@%}r‘?%sn 8%‘5?28%(2%“& a)'/] i"é‘ﬁ%‘r‘ég}f"ﬁ‘g @ﬁ?‘%ﬂ@gﬁ g’%gfeo[@éut
si de S6%l may be controlled. The light output intensity of the illum nation
syst em 10 spurchdogated gerterally, eiing HenQiipythysfacg: ob theciluinination sysiom; Begeaersllyn
of the back 52 of the holl ow wavegui de 50. First and second |ight directing
arrays ( LD%‘@)yg?)ﬂhl Béli o0 miaveduidd) ewpasahing Yo hrrarigeth tlighbilivecting a@fays Bechdviguva

wavegui de SO. In a preferred enbodi nent, the second LDA 80 conprises the

| i ght out pyt ,si I I T : 7
LI 205" gt ety Rk Rt ACAEKERIC R Sembany Bhousy Y BehRE o eath
output of the illum natiop system 10 hy refracting |ight rays that woul d
energe froftisieandsRastrrtedy ?rﬁP‘?Fed”'m@&é’f"éF?ﬁ‘ Uoft - of f angl e and by
reflecting back |light rays that would energe fromthe LDAs 70, 80 outside

t he predet er ni ndtigc lid-isfaf crasfgsestional viewed apoillyminaties systegn hayjng ar sipsletligit
energe fromthe holl ow wavegui de 50 are those within the predeterm ned

out put 1@ngubarce dia Sgenikllyi priygamal defloweaaveguides a dight afifectimng) lacray Ganigondight v,
the illum nation system 10 of the present invention provides a controll able

and predet QEALRAPEENADILMRE tirsd, ahd EbRfudibd i ARbrdakddvith Meidﬂmen{ Avenidaa

t
woul d energe fromthe LDAs 70, 80 at angles outside of the desired cut-off

angul ar range arg_rgfl.ect b ' ik . Lght, channel 40).w th
10 their angles B T ga dgglcgg%s-%ﬁé%ﬁgé’?evg%? iaw '!lﬂ}é‘gh atg?ﬁﬁg%tg%agéq?%%sﬁ'ﬁe thr%ﬁ
partially reflective back 52 (i.e. . the LDA 90) or pro ate within the,

| i ght chanfAg{ego? grperply rrégﬁngéhf §8P°‘e'h%a"f‘=sw§% %Asfgﬂ*%ggm@% 'és*@f%ew/e
recycling of light rays within the holl ow wavegui de 50 provides an

i |1 uni nat i erraxseachrhayoertaligh glirgetingfeatugr defined thareon yranged gennraliy exyhogonally
uniformy distributed over the |ight output side 56 of the illum nation
syst em40. with Repeexangick otier,tahd constsicted i\actdrdaabe with sllesmresent fniventidig, | S

| ocated within the |ight channel 40 of the waveguide 50 and includes a

plurality of genggaly ¥ d R&divididoP Abrmid RhpQE AEwRIT IS HlurfinARnaydteSof Hil OfY
directing feature 72 and a first |ight output surface 75 that faces toward

e 2 EoOn el e U s RIS o s i o

wavegui de 50 (indicated by the y-axis 20 in Fig. 6a), although the prisns
74 may al sETEENMIPYEROBY substantially parallel to the light input side 58
of the waveguide SO. The orientation of the light directing feature 72 of
the first LDA 7(Figi3 és h crdse-spetiopal Vigy ofSamituniinatimpesydtent hyving iatsinglé anguar
long as the light directing feature 72 is oriented generally orthogonaly

W th respegphi &b al dedlbtallfl cire@ibd RAlldve dalégide? tvad stackidgly arranged light directing

arrays each having a light directing feature defined thereon arranged generally orthogonally

with respect to each other, and constructed in accordance with the present invention;



- 7 1~~9~ ? '"t083 ° the second LDA 80. Light rays enter the first LDA 70
through a light input surface 78 that is defined on a surface of the-f/i M&t:3
LDA 70 facing inwardly toward the |ight channel 40. The light input surface
78 conprises substanti al ire inwardl .aci ng surface of the first
'LDA 70 and consg5 erft B, Cf%/%te*e&‘bétat ury %‘ﬁPdﬂb‘HyﬂtjtPEﬁyﬁqt’aﬁ‘?thgﬁw?P@wt -dike
the first LDA 70 5 is approximately equivalent to the size of the first LDA
70. Wil e Viglitt oabdey aggkherallgatnulaylollovawevdgnglentwistackinglyl argihped Higtrditecdfg
initially enter the fi rst LDA 70 via the light input surface 78, only

certain |i r t d n econ
LDA 80. M)g% ysspggﬁ fiame eljé*{‘%]e “&fe'ﬂ“éfer%éf@é%é@?% a’pﬁ‘%gd 'Eegﬁly&i‘ﬁ%%"“ﬁﬁ%
70 control s the energence  of fromthe first LDA 70 so that only
light r aysWHH\fFWQC‘a‘Ol"GCIpP@’tha@ﬁi ﬁ?frrélactsagmc&mwgq Pith e BIRSEPAEYERtiQRh t he
first LDA 70 to the second LDA 80. Thus, the first LDA 70 is configured to
pass oy cert aFig.|4bgista crragpssct:dinmhgiewtmf anhdusigmatiod sy PEm8RYingradgenerallefloasd
back into the light channel 40 certain other light rays. if the holl ow

wavegui de [ $dim b | he
first LDA ’?%“‘tr“f‘”*‘% B B R irk M WY ST o810 S, e

angl e nore ] ess chan unti | e s thr ht |
sur f ace 78d'a‘?ﬁ1n§oﬂfaé'ctca g‘aY‘r"ér'ﬂ hlglt é’&?c?ﬁgafs"‘g&’teu?‘gﬂgg t&ﬁﬁ?ﬁ)ﬁr@g?ﬁgﬂe’?l%y
reach the far end of the |light channel 40. On the other hand, if the hollow
wavegui de &thogeokllylesithy respecti tal ¢agh roghiareand verrspactedanlgccwrdﬁmmwhahb@ésem
i.e. a LDA 90, part of the light rays reflected by the first LDA 70 wi ||
pass througReftfign;LDA 90 and exit through the back 52 of the hollow
wavegui de 50. 20 Control of the light rays passing through and refl ected by
the fifpt LDA 791érﬁlcqgfaﬁ%d?ﬁjeth@vwatlﬂ¥ll‘hﬂ'ﬁmgmfg Jfdm o $92. W Glwi a.lr%ars
construct ed and part the geonetry of the [enticu ar pr| sm
t he included an. .16 cussed i,n _more .detail t he preferred
mter | al - EYSRIgRT %"e%‘%‘ﬁé‘F"% FaingD 2BRAE e o Gle B Tt iricl

contenpl ated by the present inventjion; incl udr ng, .but not Iim ted to cI ear
pol ycar bonat e, ~ Bif-\58 {fr R 15EgSS$Eqtiopalnwiew | sne dfuspination syRame having, singlp Jight] ar
prism74 of the first LDA 70 defines an included angle 76 that controls the
ener gence sfuréd, ghgeneaslly friangulahdolow svavepiida,otven statiingly rdrmanged, light directing
having an exit angle that is |less than or equal to the desired cut-off 5
angl e ener geays'éath hBeing ianidht biécting fedtive tdefingl tikfion asraggedogtinglilly orthbgonally
desired cut off angle I's approximately t60. The included angle 76 of the

prisms, H&M tbSheH-bfer! Ond Qtistrhisd trtecaaawearmhéﬁar s@MHh%thB li ght

out put rom um nation device 10 by controll'ing the angular

distribution of _Li .eme ng. from.ithe fi.r LDA70| a fdrst d|re

i.e. in the x dﬂgeg:['rkf dnd hg ! glteevd Pr‘.*’%ﬁb’é“‘“% Ay Of'?ﬁ'é islﬁcﬁ%vd%"a EP@ 76
is determ ned by the 10 refractrve i ndex of the LDA (which is determ ned by
the materi arnnheaﬂymn,qﬁect fehtspcess f abri cated), the angular distribution of
the Light input to the LDA) and the desired angul ar distribution of Light
out put from t heFig.l6ans aatispestisy steanofladirsHight direstingmrtapaonstmetaddniapeordance
refractive index is approximately equal to 1.49, and for a |light input

angul ar di a,qthitp,yg fe9ht Ylvehttd: hem sphere and a desired output angul ar
di stribution of between approximately t60, 15 the included angle 76 ranges

from begween A0au B3, Anderdihin Witk o SR B, SReclSE 03, Sl

the ar per ng gr ea er or

accordance with the present invention;

Figs. 7 is a side view of a light directing array showing the included angle .and

angular distribution range of light output;



| esser exit angles to pass through the first LDA 70. Consequently, the
present invention is not limted to the disclosed desired cut-off anguyayzo
range of 55, but rather, includes virtual By all cut-off angul ar ranges -
whet her they be symretrical (e.g. 55),. asy trical 20 (e.g.+30, -75)) or
ot herw se. For efé&-n%é’tﬁigé@?h’%ﬁhtfﬁiﬁse&?aé‘f)?iqggy‘? Hiesreticplelight rautiuy| distripwtiemand
the LDA wll also be asymetrical. A detailed description of the

cal cul ati Oﬁné}fsitghﬂ' dnﬂﬂhmdﬁ@oﬁ@?ét&ni @nphevddadcbatawe with a préferfed edbodifmept
The first LDA 70 may rest freely within the light channel 40 or it may be

secured to the hol | ow wavegui de 50 such as by in a channel or groove 62
(see Fig. ‘)heé’tresﬁﬂ}t ’&V%Pnknovm fastening or affixation neans. The second
LDA 80 is located on an outer surface of the hollow waveguide 50 and 5 is
preferably unit Higst P orddeara eteded twiewsaof sapguy Jestipular [pzisge condigurdonB0imay
be formed on an inner surface of the holl ow wavegui de 50, as shown in Fig,
| b, i n swhisdeoedanee inh the present Teveafion;he first LDA 70 and the prisnms 84 of
the second LDA 80 would lie in close confronting opposition to each other.
Al t hough no dir i.ng: i 1 . i

Second Loas 70, ¥ 103t EptepAiclcpRebARlpn o FERMGH R HERRITO! kTl 206
operation of the present, . inyention. The second [ DA 80,includes,a plurality
of gener al P3}Y$RR ”t‘%gg'?fﬁ"ef’%’?ﬁ ‘i‘raﬂs&?'cbllaleér’r%a@&"%&%wgbé%ﬂe?%ﬁ’tvemqnecti ng
feature 82 and a second |ight output surface 85 from which |ight rays

emer ge. The secHBig 11iighgraghiceliepregerttationinf shegight ouippt effandtlugénation hhving a
orthogonally with respect to the first light directing feature 72 to

achi eve comirkéred hck aghdonstty@edinmicgordance rvwith thb preiaitlimwnyien.e@gdi de 50 in two
directions. 15 Control of the light rays passing through and refl ected by

the segond LDA pik. 12 ied bRGhRA refebdifaA? HEIMbuBa SORGNLRARAIBRRYANE Q" t Ne

first LDA ' g urce 20 1s preferably a generally tubu evi ce

such as a f.[uorescent. t ub but ma S0 _conprise way of ngn-limting
oxanple, S ng et ing bark et onhia:l i BeShHiie Sam B pieguitgBton | noer o,
and hal ogen |ight sources arranged in any configuration. 20 A reflector 30
surrounds the light source 20 and directs light rays fromthe |ight source
20 into the light channel 40 of the holl ow wavegui de 50. For certain

l'i ghting applicati onBESCRIPTIONOFIDHE RREFERREDEMBODIMENTS ght out put
when viewing the illumnation systemI| O at a view ng angl e of approxi mtely
0) i.e. when  ihe prefedt-ihvention Rd3desi SWIDGidANGN issteril HadingON h6 NG lvdSlide
head-on or in a direction perpendicular to the |Iight output surface 85
(descricbed. | r j I : I LW 1 fer

her ei n1 Sasqf'ﬂgd[r@r%ﬁ?%dla%\%\? 'ﬁg"%ﬁ%‘f%&nﬁ%%‘?\g? ’%%ﬁamgﬁpgﬁf‘?ﬁ#%ﬁ%%'ﬁﬁr a
viewi ng angl e of 0,can ,he controlled by choosing the ba 52. For examl e)
ot or e nilirearisgs detied ereap 4 At RoReHA B ATOGORA i Th ASPERt CARERD
viewng the illumnation system 10 fromthe normal view ng angle wthout

ef f ect i ng ather. dughtorys fem|adigha souspremicr the Hayeguide thmuahﬂfhgli mgut dde, exitithe
back 52, on the other hand, will result in a higher intensity |ight output
fromthe waveguide through a light output side and emerge from the illumination system at a

predetermined flux (i.e. intensity) and angular distribution. The light output flux and
20 angular distribution can each be.independently controlled in accordance with the present
invention by the LDASs to provide an illumination system that can be configured for various

light output distribution and intensity requirements.



normal view ng angle, as shown in Fig. 12. It is also be desirable to
control the angular distribution of the |jght output to achieve a-7 MAR 003
relatively uniformdistribution of Iight %ver a 10 desired angul ar vi ewi ng

range, i.e. to gljm i S : | 1. ght t fromfhe
‘hol | ow wavegui dgé P%Q_dg_?e Eeﬁ?g% {%gﬁﬁlﬁﬁlﬁé@%%ﬁ& g’f/‘é%gﬁf {%J?Ev&"ﬁﬁ‘]e %‘étl? %ihﬁ ray
uni form over the desired anqular view ng range, and will be virtually
non- exi st anakeatvdth tha@omyal te fhesorfpee thel thg ligherag atrikes.angl es out si de of the
desired angul ar viewi ng range. The angul ar distribution of |ight output

from the hol | ok eyRgUod8e AWatifips idefighesthaRqy|sBbwH i BWIIDEhidaioh! Yisted] 16N
beyond which virtuall'y no light 'is visually detectable as energi'ng fromthe

illum nation stem 10.. The vigw n | e beyond whi ng, li.ght is visuyally
det ect abl éC?%&weW‘éa firyt %l?oéﬁlﬁe'étgoﬁﬁ‘g p&fff'—‘%‘lnf" 2 gﬂ%ﬁ]% lipn system 18
non-limting exanple) the follow ng detailed description will be directed
to an §1 | umlndesiogereyallyanstangulardiolloas waveawideoil hawing e light inppr sidé Gl itopg0.
It will be obvious to persons skilled in the art that this cut-off angular

20 range ivhiélighd rbpd frédhiaighesshre¥020 bitsi the AElEX aEpkgid 50,hpeREral 9 Mflective
invention and that greater or |esser angular view ng ranges are

contenpl ate i | O e ng | i tdol s .t he
cer gence "G 14 hitEd BpERRE the IRAE P fide 3875 PR35 bud MG QPSR 46T Radd
More specifically) and with reference to Fig. 2b) which 16 -,  ~ ~~a? | oos
shows t he 9pP@tieo et‘l’ﬁ?giﬁzl i fem 'éyé‘%‘n{al eMErge, Hopb tsaravsedidendf shghe,
the first LDA 70 controls the angul ar distribution of |ight output .in the
x-di rect i dhuaimdtiomsysemolfd Thpnback sanlighs| antput sidenfubed sidiestdr mpy thieunitagily
light output in the y-direction. Consequently, the |light output fromthe

i |l um @at iternaly Hyerxtlsiod, rdjectipne sisoidingnwentihen dimilay simufidtadngy procesegsm 5
when viewed within the desired angul ar view ng range and |ight hot spots

are eff ectAlye@,l,Q{eI?!e%%@&rﬁﬂonehfghﬁa)aBQ lé}a}gdéatgl?nﬁﬁri&ftcd W?asﬁﬂ&d)fggcfﬂepm 7

illum nation sys can be control changi ng the 1 ncluded angle of

ei ther or bo the firs econd LDAs .70, .80,. An a pref.erred odi nent ,
The Ui ght BRI dekieils o BF SRR TheieholuB a0l pisafiY ot
angul ar range. As the view ng an?I e noves away fromQ in either direction
(i .e. posioeithas light rygsmagaling therefrom eper the heifow pyaveguids 5¢ at guenale generally
illum nation system 10 decreases, reaching a cut-off angle at which no

si gni f i caperpendignlar o6 the pormalfie1°3 vievinganglecnfethe tiduhinatiom systery Q. ohhishe
illumnation system 10. This is illustrated graphicallyain Fig. 8, where
the cys - ofcbn@g\Ghtore Blimirates Nipho Xhétedpotsy 4. cobribotesgy Jagsttihgaitned thdeshiforgl e
15 of either or both of the LDAs 70, 80, the cut-off angle may be changed.

15 of "ei ther ol . 6, 80, the cut-off angl
| nvent ; on AR STRBEOFRR forh 1, Iy SRR oy Bl e A . ST TR
di stributi f light.output f this jllum ' t 10 i il

cont 1ol 1 2l 1on U ERCARHEE 4% A PRAoTRLISEH (i, bofevs REe iR Pt b

above for the enbodinment of Fig. la) with the single exception 20 that the
angul ar diraytsriupaenesally paabek oghe sprmeali viewingjanglee 4itheughi this. copfigugation maar
respects, the operation of the illum nation system 10 shown in Fig. Idis

subst ant i @rdwide dighv &henspotsy, tchatrolf of thehengyat dimribdtishafnlign dritput framatic
di scl osed in detail above.

20 illumination system 10 is nonetheless controlled in accordance with the present invention

and as described in detail below. As used herein, the term “hot spots” refers to the

appearance to a viewer that the light output from an illumination system is brighter in some

spots when viewing the light output.



17 7 f~fA ~ 2003 Referring to Fig. 2a, there is shown a second enbodi nent

of the illumnnation system 10 of the present invention. A generally7 MAR 2003

rectangul ar or square hol |l ow wavegui de ~0'0 ncl udes a solid i ght input side
a

58a which defin l.i ght; [ h:Soyl pr.axi mat

| i ght source 20%&2’ aﬁ'ég‘d’ Sﬁ@fg?%?d It}%het%;d 5 ru?nglgﬁggid%r@?éea?'g@l Cﬁ@‘i‘%ﬁ’f‘ﬁk&? :‘T”E’bc(?‘as
well 5 as nearly contacting, i.e._ preferably |ess than or equal to

one-i nch. Tight gysifterm it@mhghtrsputcesaod@roswtephi/{@ bask| 32 mapdeaoawlesely rofictive) | y
connects the |ight source 20 and the Iight channel 40. A reflector 30

surrounds i@ A9 HREireQYSIC Cor’ieatd vegdite@atis 5 ndther ﬁ&ﬁaltmeaik%d%h}aglges

i ght input side 58a of the wavegui de 50. The hal |l ow wavegui de 50 inc

a |ight output .side 56..that' e gonpri.sed.of .a firs 70 and
second LoADHe TS e AT wORRvey Pyl LA R b DAl on el
thereon which define respective light directing features 72, 82 which are
arranged gembediment,ghe hagjohalcpppiiseshan EBPed having acqHurslityeef gemiamllyi lesticulapA
70 may rest freely within the light channel 40 of the holl ow wavegui de 50

or it may Ppesfieodrddintdesmpitdingliyendaealolg ahithany erienteé prndklly faraldine ggrond
LDA 80 is preferably unitarily formed with the hol |l ow wavegui de 50, which

may be faby ] : Y, L US] 1.0], 86 tdn0 i r simlar
formng aniPapoe 8 oL HIALE waegu R ol Ik brlier 0L 1B 8 Uefine i ipefied,
that may be reflective or alternatively, it m':li/¥ be _parti al Iuy reflective and
partial iy &l 6 ithas {5 pesferablyr hetwesy  2nPreximrtely d93e andel bekmest prsfapablyes
an LDA 90. In either case, the back 52 rests in a groove or channel 64

def i ned i nappnexiswmtdly 11 0% that icnpuiels shalan®sd of Hghtirayiber eherga frolm thetbaclays ofr om
the light source 20 contact the |ight accepting surface 60 and travel

t hrougly t he 3Rlloth Wagpuidens0it For da ihdadddningld bEapprekimatdipnned, (O L DB ;jof

the light rays travel across the |ight channel 40, contact the side 54

| ocated o it i : 1 i , I 1 ck
o the | oane el RSANCITIR Dl ighPldys st Conthd nQRSort o8 of FhAE bt D
contact the rear 52 and wll,alsa be.reflecte ack in the |ight channel
40) whi | e Beiesang @Pwm%bé‘%w? tlbeolrlﬁhiaysteﬁggﬁ)@h{}wilﬁbgfolgfﬁ#da%@"ris and
pass into the first LDA 70. These light rays wl| either be reflected back
into the chafAgs S40 -othrapgh thedd?4 L0 dhs parbially refectivsand partipbly sppatiye bpeh
the angul ar distribution of these Iight rays. The |ight rays that energe
fromthe fi pgrmi®A Medsterininetbamaent affight rayhito emerge from thedwacB§2 of thenbiblloas s
into the second LDA 80. Only those |Iight rays having an angul ar

di st rijgut i waveghide050§ IWhicirasraeidés am doheoltubizo achoubA cFObddkside glightihg Ifor0 ke
out put surface 85. The enbodi ment of Fig. 2a may al so include up to three

addi ti onal;pl.i : S ; : : E’"% k J T g o} e
i1l um nat i'g!rjlhgi}g'f g(r%ygfgﬁolfo'ltgv ﬁlﬁé %3%8‘8?‘; rlrée)fl%r%lg‘[galgg st aﬁ@aﬁﬁ&ﬁ?ﬁ(‘:@f‘%&n}gl IB}J’I
equi val ent ;to .that .depicted,in F{g. 2a and descrihed,ipn detail above. O
course. o 1baseine tredckard giae 36heauoSual, pbrtaec refms Shrae Hor Heund
the Iight output intensity of this enbodi nent may be greater than the
enbodi mentbagk Sgi(gnd consequentiyyremerging from the light output side 56) may be controlled. The

light output intensity of the illumination system 10 of the present invention may thus be

20  controlled by the design of the back 52 of the hollow waveguide 50. |
First and second light directing arrays (LDAs) 70, 80 control the passage of light
rays out of the hollow waveguide 50. In a preferred embodiment, the second LDA 80

comprises the light output side 56 of the hollow waveguide 50. The LDAs 70, 80 are



the reflection and refraction of light rays within the holl ow wavegui de 50
and through the LDAs 70, 80 and 90 (if provided), the description _pz]cmg?ﬁﬁgl
above for the enbodi ment of Fig. 2a applliles equally to the enbodi nent

Fig. 2b. Still apother odi nent,. of, the present invention _is depicted in
Fig. 3) M%qflég%ec{]wecqqlrgﬁ%i ez fistrityion t”éfnﬁg@ QUERYt Qéi e Bluminatian systesul ar
wavegui de 50 surrounded by a generally annular |ight source 20. The

i I'1um nat i@ by syfsaatimg 1ighofays thas wertoetherge froirsthe WA aM, 881 Wivhih Wriebddelihed
equi valent to the enbodi nents descri bed above. 20 Yet another enbodi nent of

t he presept,_ | i l I [ c T T o T 1N ener al| | ar
hol | ow vva\%gdlj?ggggoaﬂg UBI);I’S B%ﬁgdéﬁag%gnlé lglr?{/s %‘Sﬁﬁomzfééérﬂf gﬁ’?“ gbeuf‘lbé%zg&népne

| i ght source 20 of this engodi t may conprise a single light or an array
of | i ght soutsidgghe predetennmed syt offiangis. | imPHEr Wordss e enly lighsfraysnthat emerge
enbodi nent is otherw se substantially functionally equivalent to the
enbodidrenfremdelscrtioled alveguiddhid genchedel within hthgopredetéredingd aigiitp aatipeen
the first and second LDAs 70, 80 required by the present invention is
clearly dgpirbufigh, 4 defiged bheBet-&ff dngldC ,caeﬁa@cpﬁ?g,(,tmg iRy ihhﬁ'&ﬂ %}%&éxﬂgo; Lem

10 includes a circular wavegui de 50 having a fTi LDA avi g radi y

oriented prisns 74 stackingly arra Wth a cond .. DA 8Q hayvi .
concentri @&qr?eg} f%ﬁﬁ@@’ AV (e ﬁ?rfqgﬁ@b@f"% eaﬁf"@m %blr‘? B8 %g’ts%ﬂqg‘)‘r‘o“ of
orthogonal relationship between the |ight directing features 72, 82 (i.e.,
bet ween t ¥ight sutpiis Light rays that wewld emeses fam thad-Drsy 7@B0i a3 amglen tomtsidedofithe
every position about the circul ar wavegui de 50) the specific |ight

di rect i ngdebfted eat-off @nginlar radge haatefleated backe s bndi Mtithimntheflighe ¢harkP4 0B ithe
varied. For exanple, the specific light directing features 72, 82 in the

LDAs jRy tﬂ@ir‘ﬁﬁ%ﬁi Frided &dleﬁs'sclﬁh?éc?)ﬁf%ﬁleth%gétlﬁ‘e‘? pRdsahfdu K ﬁﬁiﬁ@{s\t%ggq&% tgagk ral

prismarrays. Referring next Fig. the illumnati'on s t he

present igyvention, \nc i ol,l ow wa ui SO havi ng a_l i ght
our co. 202 &k SR BATOURS? Bdphdsd VRS theary Y 301 ey et it cec
as depicted in Fig. Sh.. The illum nation system 10 of this enbodinent is
subst ant i BPAy79 @gaip; ohbis| sfiestivs tecvehng b hﬂﬁfef%’ﬁb‘wh’ﬁéh? dolewcwvavrsidehiVe.

In each of the above-described enbodi nents) the second LDA 80 may be

uni t ari | yerbvidesdn Wilurhinatien lspsterovl Ovhndngliadieghs Mutmt thatt isrsnbstamizlly, uifornidy be
separately formed and 20 fastened to the hol |l ow wavegui de 50 by any known

f ast eni ngiigifiButadi biveraheé liphttaepud side 65 .of B illamidatioh sydiemapove- descri bed

enbodi ments, the lenticular prisns 84 and second |ight directing feature 82

may he | ocat edygildiRple Wrthd first DA HOhihoRhedfEIn Fld. 68Sis I évﬂhi'ﬁi e lighP> OF
de 50 e.g g a), a s the

outside of the wavegui de (see, e.g. Fig. la), ;as long a
rel ati onshi nthe ../ '"<.0 - .7, ~~A 1 2003 tirst,and secgongd |i.ght
directi ngCh?'grg? gp\é\’gﬁ‘fz‘,’m uide SSear‘m‘é’r“é‘f'}“i‘Fso“r?'H’&g n‘?sﬁt gengiplly I?%még'égwﬁhg‘nﬁ ght

directing feature 82 is located within_the |ight_ channel 40, the
| ent i cul drismsyT4ssssa st dight disectingyfeaturecfZiand g firdrliaht optpuy surfage J15) thpy faees rays
t hat pass through the surface 85 and into the

toward the second LDA 80. In this example, the prisms 74 are oriented substantially

perpendicular to the light output side 56 of the hollow waveguide 50 (indicated by the y-axis
20  in Fig. 6a), although the prisms 74 may also be oriented substantially parallei to the light
input side 58 of the waveguide 50. The orientation of the light directing feature 72 of the
first LDA 70 (i.e., the prism 74) is not independently critical, so long as the light directing

feature 72 is oriented generally orthogonally with respect to the light directing feature 82 of



second LDA 80 energe fromthe holl ow wavegui de 50. 5 As used herein, the
termgenerally orthogonal is intended to refer to a relationship be V)@ r)
the first and second light directing featldres 72, 82 that is defined BY %{]}l

i g L R e
herein as comprising a plurality of 10 generally lenticular prisns, various
geonetrleslsmﬁﬂ@@)ﬁﬂla@uﬁg@q ofrike ﬁtﬁ* LDAe79 CW"‘&’M%@W&T&EMI}&@MIM@ The

present invention. Mre specifically, and as depicted in Fig. 9a, the

prisms pr eﬁ%{tahbe{: dunfakeide csmaﬁsésrﬁubahmn@tmah&m i Ae yvm lgg sﬂ?fa&ﬂcgf e first

wel | - defi ned peak 44. Alternatlve y, the prlsms may 1 nclu curv

side-walls substa eak see Fi 9b

P 1 S mayLég\s@d]%’?‘f geply P tasiard o Qi i figl s mey sevensfls iast LA TS
wel | -defi ned peak 42, as dep| cted in Fig. 90 In sti I | another alternative,
t he priss rrsxsrmprdafemmf)t equivdentdd theisize lebwire finst EDg\ 7@.d While virtallybell dight eays t o
persons skilled in the art that still other geonetries and configurations
for the prﬂrmngr\enmanherr@hawdﬁay40hﬁniany:s=af& the fiesd LA . 70LVidhthe diglheq%mg
arrays 70, 80 0 can be constructed fromany transparent materi al

Pref erred éﬂ%gé 78! Sl dE Qﬂer%@F{oﬂFﬁgcry @ﬁtﬁmfdg?agrgrg) na@&gécoﬁ

about 1.30 and i nt ass po ymet ate

pol yester) st ene an rs forne opal yneri zati on of
acryl ate n'b!ﬁ OFf\&P§ y0 e l&?‘F étf?‘it’é’ﬁ fg"}m’iedz; %f‘g?%ﬁ‘ ‘%ﬂpé‘lopﬁpb the
ranges from betvveen about 1.40 and 1.70. It wll be obvious to ?1 7

~~f i~ 2008ngeemsensef kghit| egs | flomhtheafirstt hRA (@t oo i thats ohlyviiplt gaysahavingra

| esser retractive indices are also contenplated by the present invention.

Cal culigt i Ofteddieritifed Mgulidalistaigion fasy fririthefirshBDIATY BUhsieabid BDIYSEt TiRisght
sides {see, e.g. Fig. 9a) and for a generally symetrical cut-off angle

M anow Bfe 88844929 it Boriuid o pasldiy LGN HEE AAdhGLS HRRSNRRT LRTD, t M

refractive i ndex of the materi al fromwhlch t LDA iIs I cate
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as follows: w = included angle of the prisrn; C = desired cut-off angle;

and 10 n vavegviderSOvacindesaredpctiie;hapk i the light raysrefectechby the firptd. DA, 70" wik
foll owi ng equations define the conditions necessary to t5 calculate the

i ncl uded amnopagafeowitianyhealightichanrgi 4@ mithubéinvectdr anglgmore ot lest changed drhid theyi t ow
J wavegui de 50 having a cut-off angle C of 90. w25 C (1) w>_2(2*
asin(1kn) tss9@x}é@gh(t%}e 120t it Whi?des_(8narfd Sontdep e light /ditectiyy fRAthee0sl Wbadn) éd N *

cos(asi n( | n) - 3wl2} ~si n(V\A 2)) (3) The graphical solution of equation 3 is
shown in F'ngl tlrilegl reach the far end of the light channel 40. On the other hand, if the hollow
waveguide 50 includes a partially reflective/partially refractive back, i.e. a LDA 90, part of
the light rays reflected by the first LDA 70 will pass through the LDA 90 and exit through
the back 52 of the hollow waveguide 50.
20 Control of the light rays passing through and reflected by the first LDA 70 is
effected in part by the material from which the LDA is constructed and in part by the

geometry of the lenticular prism 74, i.e. by the included angle 76 (discussed in more detail

below). While the preferred material is acrylic, other clear plastic materials are



As an exanple, for an angul ar output distribution of approximately f60 and
a refractive index n =1.49 (an acrylic LDA), equation 1 requires tha]tf‘/%’?]ﬂ{]}
| 20. Next eval uating equation 2) w >_ 1183 Finally) the upper linit of w,
as depicted graphically in RECTIFIED SHEET. (RULE 9 | SAVEP 2?2 - P~i AR
203 P, 1PERAES Jot The Brereah g PR E DBt o5 Bk 1P S polyFrabeRfe.
the included angle is in the range of between approximately 1 16 and |20.
For a pol ypdy$iynene.csiliéheh polyesiera andhyboot | Kashi lantesulan pris. B0 pf dredfitsh&Dsarme
angul ar output distribution, equation 2 requires that w>_ 112. Referring
agai n to theingé athchldelrladgleT 64t coifoRREEméreBde IFlight fafieRbmURE kY 1 DIE 70
clear triangle graph) is approximately 118.1° . The included angle is
therefore in the range of between approxi,mate| 12 and 118.1 For prisms
havi ng. cur§PaleignlyiEE] Fvs s ot Bie1s Nyt (ol of Raval 49 ihs-desied mscofium
i ncl uded angl es should neet the conditions defined by equations (1), (2),
and (3f. Haglengnerpe SrodetherfirktddDARG. ilnvterpreferred embediaient, thet desirkd cdreoff angle
recogni zed that such detail 10 need not be strictly adhered to but that

various changes,andey0dos] ¢t iRAHIB)gIR YBLTHe beRER YaRe hifst LB S8 kbhslsi

the arts all falling"wthin the scope and spirit of the present invention,

as defined, by the subj.oi.ned_.clajns. 23 ALMS, 1. An il | um nation system
(10) tor drempedf FglRnRor el SFipu i g ihigingion devien bR gnioling The
iIlum nation system (. 10) characterized in_ that it .contpri ses: s a hollow
wavegui de angelpr distribvéion off light emerping feng the(fgst LPA 1igte fust ditection ie. incthe xf r om
the light source (20) enter said hol | ow wavegui de (50) and a |ight output

si de (56) direotionvindibatéd ghtFigay2b emdr@e fTheninshiddd hmkleos Ve \degmhiied (5P )the a
first light directing array (70) having a first light directing feature to

(72) qdgfi negadiNEnRQY ofhd 1D A]MARY ik id8lRimied %gttha%a?éﬁaﬁyrgﬁf%cmﬁé g@ﬁjs

second light directing feature (82) defined thereon, sai irst and said
second i . dl LeCh . ' I d

or t hogonai Ty heeh e dfgtpP it o e IAR FACLBA HE O Releld amouter
(80) conprj.si.hg. said. light ouytput ~s side (56) fraomwhich |i rays emnerge
fromsaid %E@W‘M&ﬁé@lﬁ%&é"‘f@ t@dﬁ&““f’}"‘}@é‘ SH ﬁms@r oﬁl‘\géﬁﬁ’ﬁﬂ L,%%q“w ¢ e ing
features (72, 82) controlling the angul ar distribution of |ight output of
sai d il | urtfrestiveindexsis epproxinately edudlitpilfg. and far-adight inpyt engudar distibaticauefput
fromsaid illumnation system( 10). 20 2. An illum nation system (10) as
reci ted byult hainispherevdirdr £ idesidiothtut rangulbs distribtioe of betgvebre approginfately +60°,
conprises a plurality of lenticular prisns (74) defined on said first |ight

di recisng (R fridYuded Dhgledf6! rIPRE Fioh Bebwbes @6OMA1 15°ahl 1P eqt Wil teesHvithR (082)
conprises a plurality of lenticular prisns (84) defined on said second

light dir %g}sbgsgsl&fléda% &%% thtaﬁﬂerqmlﬁaédja:@’lés%l ;gezﬁl\it Igg[ﬂ raB'fs hﬁgi-hg greater or

lesser exit angles to pass through the first LDA 70. Consequently, the present invention is
not limited to the disclosed desired cut-off angular range of +55° but rather, includes
virtually all cut-off angular ranges — whether they be symmetrical (e.g. £55°), asymmetrical
20  (e.g.+30°,-75°), or otherwise. For asymmetrical output distributions, the lenticular prism of

the LDA will also be asymmetrical. A detailed description of the calculation of the included

angle is provided below.



25 first and said second light directing features (72, 82) having an MAD >
i ncluded angle defined therein that limts said cut-off angle to 89 Z)r ‘A"é%ﬁé
for the distribution of [ight output of islaid illum nation system ( 10). 3.
An illumnation system (10) as recited by claiml, wherein said cut - 7
'~~it, ~~ 2033 Jhedirst lal?»éﬁ pahEasiresdymithat (e dighhphanpsdi49eardt payde seavaed 0.
24 - 7 f~~~ a~~,S 4. Anillumnation system (10) as recited by claim1,
wher ei n s@edhdlidve twaaBgli8@is0 sl andy lin ahdhafiel &% tord@/ead @¥S Figl Ra) 89 byadtRer
fabricated fromacrylic, and wherein said first light directing feature
(72) compgises.a, plurali of s longitudinal lenticular prisms (74) defined
on said ff(?%vfm qubq%?n%?rragﬁg?t}?& r@ﬁarﬂgy (70) and said second light directing
feature (82) conprises a plurality of |ongitudinal |enticular prisns (84)
defined on sai dheeseeond LDAHO idilocatedi angaraeyterysurfos of thadiollotv waveguideiSOrand( 74,
84) of said first and second light directing features (72, 82) having an
included angkferaly hﬁf&%ﬁﬁ FornfedaRére Oith Metiekaidly, aRdedohl LIDA sMa*] b+ :Pdﬂﬂ%at I on
ollo

system (10) of claim1l having a |ongitudinal axis wherein said w

wavegui de ) 20 ka 5.6, LId.umanati on system (
10) as r e?:rlg ?8&“%% %?@?{nggk%mkogfoé‘?gmgﬁ%d G ?9’5%5 g tmali+ 'g‘e i 'ng%gétcﬁ?eethfn)
conprises a plurality_ of longjtudinal lenticular prisns (74) defjned on

sai d firsPriymght ofithectisst H&%%a&rg theayrismetf ofe seopnd i SOcwenld liejigiefose
directing feature (82) conprises a plurality of l|ongitudinal |enticular

pri sms ( 8éonfbaiingeppositiemitel eadhcather. | Adthough ne directgoaplimgy of 86ntact daedquired of
said prisnms (74, 84) of said first and said second light directing features

(72, 82) HawedPuRirsPAdSRdn@ YA 18BN ssthl dogtRt Wobfddor |eifﬁ1f‘ttt§e$gﬂgm?él'ﬁé of f

angle to 89 or less for the distribution of |ight output of sai

clai 105, AR R Pt Indial e AT D AR MET ey Pref ey o)

are fabricated fromacrylic, aqnd wher ei n Sﬁi g first light directi na feature
(72) conprpgigdinaljepicilarirrisgys §43y serard disht diresting) featuss, §%ard ¢ sagonddighhed
on said first light directi r_lg}aa_trray (70) and said second light directing
feature (mput(ﬁmgpt 86 draan pyyhiehulightyraps epergeonldiet sgeensalight elineriing fatune 82 ris

(84) defined on said second light directing ~ 7 ~f~1'~Z 2003 25 array
(80), eactrientedsgendraplyi tthogénally vaid) reopecs & the ffirstdight didecsing Featudei 22hto adhie®et i ng
features (72, 82) having an included angle of between approximtely 115 and
121. s 8.coffftol bf I5EH: s etibrsing GO thd Bb1IG vidvagTid SO dired@bits, 1 rst |1 ght

directing array (70) conprises a first transparent planar nenber having the
first light di ' t 72).i C i gh etecling
arra;} 5( 80) corr%?ﬂgﬁs'éelg& a&geehc,gg%%y% rpé%lss"t' %ﬁ?ﬁpﬁgﬁﬂcr@r@%&&ﬁgﬂ?%% {'Rg é‘gg{)nd
light diregti feature thereon, an he first_ pl r..,oenber and the second
pl anar i oetfféﬁ’agP thesems @Wk@%&éﬁﬁ‘ V¢ %P'&}Feﬁ’gn@sﬁg > 9. An illumination
system ( 10) for distributing light rays froma light source (20), said

i 11 umination shhs Hght(sooycec?hisapretorable @ gencralittubulacdavine swsh:asza Aueresngnt
wavegui de (50) having a light input side (58) through 1 s which light rays
from t he thbgbut 30ay 6Ro (cAfpricéit Br waial tual-limitingeexagpledan (Bfy @hidcadescght

out put side (56) fromwhich light rays enmerge fromsaid hol | ow wavegui de

(50); anqights. light-emitting diodes, lasers, and halogen light sources arranged in any configuration.

20 A reflector 30 surrounds the light source 20 and directs light rays from the light source 20
into the light channel 40 of the hollow waveguide 50.
For certain lighting applications, it is desirable to provide maximum light output

when viewing the illumination system 10 at a viewing angle of approximately 0°, i.e. when



a light directing array having a plurality of angled ridges that project
outwardly from the hol |l ow wavegui de, for controlling the angul ar 2oy MAR 2003
distribution of light output of said i | 1dni nati on systemin a single

directio i N t r1ight
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controls the angular distribution of light output in the x-direction and the second LDA 80

#
1

o

SEms

controls the angular distribution of light output in the y-direction. Consequently, the light
output from the illumination system 10 of the present invention is substantially uniform

5  when viewed within the desired angular viewing range and light hot spots are effectively
eliminated. The angular range of light output from the illumination system 10 can be
controlled by changing the included angle of either or both the first and second LDAs 70,
80.

In a preferred embodiment, the light output distribution is uniform within the

10  defined output angular range. As the viewing angle moves away from 0° in either direction
(i.e. positive or negative), the intensity of the light output from the illumination system 10
decreases, reaching a cut-off angle at which no significant amount of light appears to the
viewer to be emerging from the illumination system 10. This is illustrated graphically,in
Fig. 8, where the cut-off angle equals approximately +60°. By changing the included angle

15  of either or both of the LDAs 70, 80, the cut-off angle may be changed.

In an alternative embodiment, the illumination system 10 of the present invention
may contain a single LDA 80, as shown in Fig, 1d. The angular distribution of light output
from this illumination system 10 is still controllable in accordance with the present
invention and as described above for the embodiment of Fig. 1a, with the single exception

20 that the angular distribution is controllable in a single direction. In all other respects, the

operation of the illumination system 10 shown in Fig. 1d is substantially equivalent to that

for the system 10 shown in Fig. 1a and disclosed in detail above.
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proximate a light source 20. As used herein, the term proximate includes contacting as well
S as nearly contacting, i.e. preferably less than or equal to one-inch. The solid light input side
58a physically separates and optically connects the light source 20 and the light channel 40.
A reflector 30 surrounds the light source 20 and redirects light rays toward the solid light
input side 58a of the waveguide 50. The hollow waveguide 50 includes a light output side
56 that may be comprised of a first LDA 70 and a second LDA 80, each having generally
10 lenticular prisms 74, 84 defined thereon which define respective light directing features 72,

82 which are arranged generally orthogonally with respect to each other. The first LDA 70

may rest freely v;Iithin the light channel 40 of the hollow waveguide 50 or it may be secured
therein by means of a groove or channel 62. The second LDA 80 is preferably unitarily
formed with the hollow waveguide 50, which may be fabricated by extrusion, injection

15  molding, or other similar forming and shaping processes. The hollow waveguide 50
includes a back 52 that may be reflective or alternatively, it may be partially reflective and
partially refractive (i.e. diffusing), in which case the back 52 comprises an LDA 90. In
either case, the back 52 rests in a groove or channel 64 defined in the solid light input side
58a.

20 In operation, light rays from the light source 20 contact the light accepting surface
60 and travel through the solid light input side 58a into the light channel 40. Some of the
light rays travel across the light channel 40, contact the side 54 located opposite of the solid

light input side 58a, and are reflected back into the light channel 40. Some of the light rays
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from the first LDA 70 will contact the light input surface 88 of and pass into the second
LDA 80. Only those light rays having an angular distribution of +60° will emerge from the
second LDA 80 through the light output surface 85.

The embodiment of Fig. 2a may also include up to three additional light sources
200, 210, 220, as depicted in Fig. 2b. The illumination system 10 of this embodiment is
substantially functionally equivalent to that depicted in Fig. 2a and described in detail
above. Of course, the additional light sources 200 provide additional light rays and the light
output intensity of this embodiment may be greater than the embodiment of Fig, 2a. As for
the reflection and refraction of light rays within the hollow waveguide 50 and through the
LDAs 70, 80 and 90 (if provided), the description provided above for the embodiment of

Fig. 2a applies equally to the embodiment of Fig. 2b.

Still another embodiment of the present invention is depicted in Fig. 3, wherein the
light illumination system 10 includes a hollow circular waveguide 50 surrounded by a
generally annular light source 20. The illumination system 10 of this embodiment is
substantially functionally equivalent to the embodiments described above.

Yet another embodiment of the present invention is depicted in Fig. 4a, wherein a
generally annular hollow waveguide 50 surrounds a generally point-like light source 20.

The light source 20 of this embodiment may comprise a single light or an array of lights.

Y&k
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required by the present invention is clearly depicted in Figs. 4b and Fig. 4¢, wherein the
5  illumination system 10 includes a circular waveguide 50 having a first LDA 70 having
radially oriented prisms 74 stackingly arranged with a second LDA 80 having concentrically
arranged annular prisms 84. As long as the generally orthogonal relationship between the
light directing features 72, 82 (i.e., between the prisms 74, 84) of the stacked LDAs 76, 80
is maintained at every position about the circular waveguide 50, the specific light directing
10 features 72, 82 features or construction of each LDA may be varied. For example, the
specific light directing features 72, 82 in the LDAs may be constructed as clockwise and
counterclockwise generally spiral prism arrays.
Referring next to Fig. Sa, the illumination system 10 of the present invention
includes a triangular hollow waveguide 50 having a light source 20. Second and third light
15  sources 200, 210 may also be provided as depicted in Fig. Sb. The illumination system 10
of this embodiment is substantially functionally equivalent to the embodiments described
above.
In each of the above-described embodiments, the second LDA 80 may be unitarily
formed with the hollow waveguide 50, or alternatively, it may be separately formed and
20 fastened to the hollow waveguide 50 by any known fastening and affixation techniques. For
each of the above-described embodiments, the lenticular prisms 84 and second light

directing feature 82 may be located either within the light channel 40, as shown in Fig. 1b,

or outside of the waveguide 50 (see, e.g. Fig. 1a), as long as the relationship between the
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As used herein, the term generally orthogonal is intended to refer to a relationship

between the first and second light directing features 72, 82 that is defined by an angular
relation of between 80° and 100° more preferably between 85° and 95°, and most
preferably, 90°.
While the LDAs 70, 80, 90 have been disclosed herein as comprising a plurality of
10  generally lenticular prisms, various geometries and configurations for the prisms are
contemplated by the present invention. More specifically, and as depicted in Fig. 9a, the
prisms preferably include substantially straight side-walls 42 and a well-defined peak 44,
Alternatively, the prisms may include curved side-walls 42 and a substantially flat or planar
peak (see Fig. 9b). The prisms may also alternatively comprise curved side-walls 42 and a
15  well-defined peak 42, as depicted in Fig. 9¢. In still another alternative, the prisms may be
multi-faceted, as shown in Fig, 9d. It will be obvious to persons skilled in the art that still
other geometries and configurations for the prisms are contemplated by the present
invention.
Light directing arrays 70, 80, 90 can be constructed from any transparent material.
20  Preferred materials have an index of refraction greater than or equal to about 1.30 and
include glass, polymethylmethacrylate, polycarbonate, polyester, polystyrene and other
polymers formed by photopolymerization of acrylate monomers. The index of refraction of

the preferred materials ranges from between about 1.40 and 1.70. It will be obvious to
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LDA is fabricated, the desired angular light output distribution, and the input light angular
distribution. The variables and constants for the calculations are defined as follows:

w = included angle of the prism;
C = desired cut-off angle; and
10 n = refractive index of prism material.

Referring to Fig. 7, the following equations define the conditions necessary to

calculate the included angle for any angular distribution of light output from the hollow

L3

waveguide 50 having a cut-off angle C of £90°.
t15 w/2sC )

w 2 2(2 * asin(1/n) + 90)/3 (2)

tan(w/2)<(n * sin(asin(1/n)-3w/2)+cos(w/2))/(n * cos(asin(1/n)-3w/2psin(w/2)) (3)
20

The graphical solution of equation 3 is shown in Fig. 10.

As an example, for an angular output distribution of approximately +60° and a
refractive index n = 1.49 (an acrylic LDA), equation 1 requires that w < 120°. Next
evaluating equation 2, w 2 116°. Finally, the upper limit of w, as depicted graphically in

RECTIFIED SHEET (RULE 91)
ISA/EP
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10  need not be strictly adhered to but that various changes and modifications may suggest
" themselves to one skilled in the art, all falling within the scope and spirit of the present

invention, as defined by the subjoined claims.
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10  (72) defined thereon; and
a second light directing array (80) having a second light directing
feature (82) defined thereon, said first and said second light directing
features (72, 82) being arranged generally orthogonally with respect to each
other, said second light directing array (80) comprisiné said light output
15  side (56) from which light rays emerge from said hollow waveguide (50);
said first and said second light directing features (72, 82) controlling
the angular distribution of light output of said illumination system (10) by

defining a cut-off angle for light output from said illumination system (10).

20 2. An illumination system (10) as recited by claim 1, wherein said first
light directing feature (72) comprises a plurality of lenticular prisms (74)
defined on said first light directing array (70), and wherein said second light
directing feature (82) comprises a plurality of lenticular prisms (84) defined
on said second light directing array (80), each of said prisms (74, 84) of said

25  first and said second light directing features (72, 82) having an included
angle defined therein that limits said cut-off angle to 89° or less for the

distribution of light output of said illumination system (10).

3. An illumination system (10) as recited by claim 1, wherein said cut-

30  off angle ranges from between approximately +60° and -60°.
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5. The illumination system (10) of claim 1 having a longitudinal axis

wherein said hollow waveguide (50) is generally rectangular.

15 6. An illumination system (10) as recited by claim 5, wherein said first
light directing feature (72) comprises a plurality of longitudinal lenticular
prisms (74) defined on said first light directing array (70), and wherein said
second light directing feature (82) comprises a plurality of longitudinal
lenticular prisms (84) defined on said second light directing array (80), each

20  of said prisms (74, 84) of said first and said second light directing features
(72, 82) having an included angle defined therein that limits said cut-off
angle to 89° or less for the distribution of light output of said illumination

system (10).

25 7. An illumination system (10) as recited by claim 5, wherein said first
and said second light directing arrays (70, 80) are fabricated from acrylic,
and wherein said first light directing feature (72) comprises a plurality of
longitudinal lenticular prisms (74) defined on said first light directing array
(70) and said second light directing feature (82) comprises a plurality of

30 longitudinal lenticular prisms (84) defined on said second light directing
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directing array (70) comprises a first transparent planar member having the
first light directing feature (72) thereon, and the second light detecting array
(80) comprises a second transparent planar member having the second light
directing feature thereon, and the first planar member and the second planar

member being stacked adjacent to one another.

9. An illumination system (10) for distributing light rays from a light
source (20), said illumination system (10) characterized in that it comprises:

a hollow waveguide (50) having a light input side (58) through
which light rays from the light source (20) enter said hollow waveguide (50)
and a light output side (56) from which light rays emerge from said hollow
waveguide (50); and

a light directing array having a plurality of angled ridges that project
outwardly from the hollow waveguide, for centrolling the angular
distribution of light output of said illumination system in a single direction

by defining a cut-off angle for light output from said illumination system.

10.  An illumination system (10) as recited by claim 8, wherein said light
directing feature comprises a plurality of longitudinal lenticular prisms
defined on said light directing array, each of said prisms of said light
directing feature having an included angle defined therein that limits said

cut-off angle to 89° or less for the distribution of light output of said
g g

illumination system.
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