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5 UGBT P'BFCDNGOmCAJ, mygmsg 

Opp .... io '*"' ARv'iAtion' 
This appJicadon ii a condnuatioa-in-pl ofdne U.S. patent lpplic:ations: 

10 Appl No. Ol/149,912, fDed November 5, 1993, Appl No. OBl'l42,525, llecl May 

13, 1994, IDd Appl. No. 011321,361,·tiledOc:der ll, 1994, achofwhicbis 

habyincoqmtecl by ..... 

B•cknn' oftlae lmt•11M 

IS Tiie inveadaa 1111111 amerlDYto opdcll llnlCIUl9 which mceiwe .lipt 

ha nllliwl1J 1lllGOllll'Dlle IOUICll in tm at direelivky and unifonnity llld emit 

a tpl'i...,.._.. labt diltdbution with n:spect to the nvo ordlopml axes 
cle&ned with ..... to the ..... ofpJOplpdoa oldie ... same, and relates 

,.niadlrlyto ........................... cammmdll and industrial 

20 ............ .... 

The ....,to OOllllal •BP& ......,.tam Yllioualipt saun:es, such 

................ w IOUl'C8abouttwoOllbopil1X11hu11Dt beaa 

lllOCH*U, lmpleam&ed in a .-.,YllnletU& For extmple, in tJpbl mice 

.................... tluarllClllC......, ao liaafe 11..-.il Ible to 

lllllilllnt..a,.-,a dle&pt dilllilldion._two-.. A8uolllcent lisht 
QOllteinw a ..... ndleccarwbfch ii.., aide to pnwide clir....m&y .. one axis. 

AltlnlldwlJ, irtwa ms cmilfol.ii attempted with tht plllmt teclmlogy, a 
...__ lmni ..... arequinld. TIU~ baW..w, pnJ'Vicles . 

.. ; 
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efBc:iency J.oues. sufren from non-unitbrmity and creates a complex and bulky 

arnnpmenl 

It would be ~le to have a relatively robust, lilbtweiaht and eflicient 

optical ltlUCtUl'e that would $ easily within a small form factor and that would be 

s able to receive lisht &om any 1iaht pwating mans. Such a structure would 
·. . .. ,..... . . 

.. . ·. . . 

permit new and usefial ways to provide directed light distribution for various 

lishtinl applicatiom. 

Summary of the lpmtipp 

10 The pr111nt ~provides for an inteanted lilht clirecting structure 

which proWles a~ lisht output Ilona two orth:'>gonal dimensions 

.. --·:-.a .......... ...: .... 1- lic:atioa. 
·~-- v7 ..-~ app . 

The bmntion ~a light IOUrCO in GOlllbinllicm with ID optical 

struc:ture which comprilel a wavepide component wbich ICCeptl the li8ht 
15 a-nted by the Upt soun=e llld tnmpOltl the liaht via total internal retlection 

(Till). Optica1ly coupled to or intepdy formed with a IUl&ce of the waveguide 

are a amltip1icity of prillla. &ch .,.... clue to its imla of rehction, provides ID 
. . ·:.· . . . . . . . ··: 

aperture wlllle liaht may llClp8 the wavepicle rather dlaa remain con8necl due to 
. . 

. . . . . . 
tatll intema1 rellecdoa. The liabt ~the wavepide is re8ected &om a side 

. . ..: . : . 

20 .. of the prillll; ad rediric:tecl in the clairecl output direction. 

Tbe poDmy oftbe prism CID.,, oP.mizad to direct the output at any 

dllind aale loaa tbe lldu:e of the waveguide. ~y, the optical 
. ·. . . ,,. . . . . .. 

lllUC:lln, wbic:b miPt be~ u a liP.t cliNc:ling saucture, can have a 
·.· '· ' . . 

umnr pa;me, 11111 tbe waveguide-~ is suitable to allow lisht coupJina 
. :.····. . . . 

25 Ilona• Jiabt input-., or Ilona severll light input ed1t1. fmthennore. there is 
. ' . : ' .· . : 

no llltlicdon oa tbe dllaibution llld uniformity of the light input to the waveguide. 

~are IDlllJ illuminadon applicatiom, that CID tab ..... of this 

mention. Such-~ ailt iluo~ 11111 residential markets and in 

Vlrious industries such as the automotive industry ancl the aerospace industry. 
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. . . 

exterior liPtinl such u spodiahts.. room or o&ic:e lilbdna and acceat liahtins . 
. · ~.~ ~ .indude 1owprolle Cll'.hadlipts and taillights, 

le>W pro6le interior··~ lisbts slach 81 ~lights and map ligbts and light sources 
5 ' for clubboanl _..,.~~Panels. . ·.·. 

Bricfl)mqjgtjpp ofthl DrniM 
The invention will be described with respect to a clmrina of sev...i fipes. 

of wllicb: 

10 Flpl'e 1 is·an~ofaiinat-Pn-~cmmectedto·• 
wawpide·- lbOwaw: .... ~°'HPt DJI; 

FlpwJAilanlllt.w.nbo«li~ota~ 
FJ&UN 2 illultrata the lipt clil1rimmon. of the invention about two 

ortllopml aea; 

is Faaure 3 ii a C1U11 sec:tionll view llluilladua tlle pometries _of the prism 

-~ 
:· .. . :· . 

F1p1114C iaa fbrdm~enmiilNBt ofa pda; 

FJllD 5 illullratela wavepidead a plilmia combinadoa with a negative 
leas lllUclUIW; 

F1p1116 ia a ...... oftbe iuveddaa wlla thl pdsma ant illmUated u a .. . . ' 

............. .,.., purpa111 in.cOmbinatiaa Wilk. point liabt source; 

Pipl9 7 ii a pJm view oftlle inftlllion in cambination with a point liaht ................ ~.· 
25 F..-7Ail ID ellvatioa ... the input .,..of• lisht ... 

· ..... I ...... tbeilMadon iD CambiN'kia widaa tapered input 

wawauide, a iavolute111ector and anurayofnepdve a...li; 
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Fagure 9 is an elevation view of a sinP light source in combination with 

two liPt directing structures; 

F ... 10 is a plan view of light directing suucture remotely located fi'om a 

liaht source; and 

Fipre 1_ 1 is an elevation Ws\v of the invention optimized for il1uminatin 

fi'om the ceilina of a larp t1at object on the wall . 
... ~ . 

Where poaible, like elemenll have been shown with lib reference 

nummla. 

•One of tbe basic buildina blocks of the lppllatUI ICCOrdina to the invention. 

is a prism opdcll1J coupled to a wavepide. While the apparatus typically may 

imtruative to comicllr OU prim in detail. 

15 With 1elelwe to F11- l, Usbt rays. u exempliled by lisht rays 110 and 

111, totally interully rdect tJarouah wavepide 40. Waepide 40 may be a light 

. ·a We;ll.ae or other aructure knowil to tho• sldl1ecl in the mt. It ~ .. ':.-..... :'· .. ... , ... , ....... : .. · .. ~·:·:: ............. :·.-........... : .... , ·· . .-. ..... ·"··· ....... ,....... . . ' may bae,.... ..... ar........., may baVe-no...,..m.r sedioned sudices u 

llbown in F11- IA. far simplicity, ad for delcriplive purposes. but by no mew 
. - . . 

intended to be Jimitina in ..... waveauide 40 !s illmlntecl u beina planar, and 
. . ' . . 

the mirmprillu 42 clilaallld below ue ilferenced intldiciaa.witb a planar 

wawpide. Aa ii we1I known to thole skilled in the art, total internal idection 

occua lf&pt witbia a medium lllikel a bQlmday and bOlmces back into the 

median Por mch a~ to occur1' the illdmc ofnhction of the medium hu · 

to bo ...... dllll tbe W. ofnrh:lioft tbr the ...-a on the other side otthe 

~, llld tbe .... ofnrlection amt obey Snell'• Law. for simplicity of 

~ ...... that• llll&erial· outside die waveguide 40 is air, with an 
'·'.~ .... :, .·. --·or.....-of om. The·mv.mon does not require dU, however, and may 

be acdced with matedals other than air outside the waveguide. .JD;. . . 
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possibility that the face mipt be planar or might be a lens. Those skilled in the art 

will appreciate that nothing in this discussion demands any particular shape to the 

founb face 115. In this embodiment, the control of the lisht output would be in 

only one viewing direction. In a preferred embodiment, however, fourth face 1 IS 

s· is also used to ret1ect liaht ftom the waveguide 40 using the same principles as &ce 

32. In the molt preferred eimbodiment, &fith face 120 and sixth face 122 also 

reflect liaht rays md.tina &om wavepide 40. A cross section view of the prefemd 

embodimmt of prim 42 ii lhown in f'ap. 4A and 4B and diaclosecl in detail in 

refenmced patent ipplication seril1~08/242,525. In tbia most prefenecl 

10 embodiment, Jiaht rays traYllina in different 4irectiom within wavepide 40 will 

w prism 42 and retlect .off Ill prism· '-9. this situation Irises when multiple 

lisht sources ue used or where refleclM material recycles llgllt back into the 

wavepide u shown in Ftp. 6 llld 7~ 1his embodiment is preferred because it 

proviclel fbr caauol of the liaht distribiltion, both in....,. and direction. about 

two viewina aes. :a 11111 yz, u shown in F ... 2 llld pmvidel for eflicient 

extraction ofBpt lam~ 40. Furthermore. DODI of the foregoing 

dilcuuion .......... tbat Ill)' of the tiM:ea ofprisnt 42 join in I simple edge; if 

._.... lbOui • ~ tiCbiique. ~example, requited dlat the ec1p 

conmction between IM=-be bevele4 or rounded. this would not depart trom the 

inveadon. Ill addidaa, it is - ..... ., tblt first &ce 114 ad third face 36 be 

parallel.· T-. lkilled ill the mt Will appreciate that in some applications, a slight 

tapir miabt be p..rtrrecl to 'diltnlNte the liaht output &om prisms 42. 

Time ii no NqUiremeat, other than perhapl eue of Mric:ation or 
_.....to apatiadar 1ipt pllt8m. that aD prilml 42 be identic"1y sh1ped or 

25 evenly..... Aa .. bda in the reter.ic:ed ,_ applicationl. the spacina of 

prilllll 42 may.., oV1t the expiDse of the wavepide to ICCOIDDKJdate the 

dist1nce of a pdmn 42 ttom the liabt source. Furthennon. prisms 42 may attach to 

wavepide 40 in...._. reaicml lo as to·~ allow Uabt to escape waveguide 40 

at selecdvely clllirecl tocationl as dictated by ihe application. Also. the anstes or 
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however. the above equation for anal• e does not apply becau• the snedian lisht 
ray 20 ·is not restric:tecl to exit~ prism 42 at an ansJ.e perpendicullr to the tangent 

of the ibird face 36. 

Fig. 4 shOwl alteinalive prism~ 42A, 428 tor the cross section of Fig. 

5 I. It should be appreciated ftom these ~pres thlt the Int 6ce of the prism 

(coupled with the W&wpide 4q) ia planlf, but the seconcl flee 32A and 32B need 

merely be substlntillly planar. Depending on tibricition techniques and the 
. . . . 

desired lisbt spill pattern the second &l:e 32A and 328 could be curwcl or cOulcl be 

planar in two sliabdY clilirent adjoinifta Planes. without clepartina &om the 

10 inventk>n. 

Fig. 5 shows a crou section of a prisms 42 in opticll c:ooperadon with a 

correspoadinl concave teD. 39. M woulct be obvioul, if multiple prisms 42 were 

maapd in my speci&c ~.a lens 39 would COllllpOlld with each prism 42. 

Jn such an embodinmltt the liPt output.of~ 41 is broadenecl to match the 
- . . 

15 requinmeall oftbe plltlcullr IWiicadon. For IXlmple, a pda with 1n index of 

rehction of 1.45, die opt output distribution is+/- 35 dear- and. properly 

poiidpned cle-foculina element, llach u a concave leas 39, would provide a sreater 
"'I'll• sprad to die liPt distribucion. ·. Tbia embodm. coulcl be advantageously 

. .· . . 

used in a coammlll Jiahdnl application when the pre&ned ansa"v Uat-
20 distribudon ii+/- eG ..,.._. ~. ICIUedna--- either internal or 

aterml to prilllll 42,. may be used to brmdell the ouiput ctistdbution, but with a 

loll of llBcieact 
· AD ...... embodiment· of the invention is i11u1tratec1 in F .. 6 which 

npr11 ctr ia. plln 'view In array oftipt directia& pdllu 42 IUlcbecl to a 
. . ~ . . 

waveauide 40 w111c1a ia~ coupled with a re8ectcr m; liabt mce 44, such 

• a metal Wide laDip, at one·.dp 21. The llmP 44 is polilioned IUbatantia1ly a 

focal ..... away hm the edae to allow die focmed .,.,. to couple e81dently into 

. .. 

selectively tnnsmit and or reflect various spectural contat of the limp. for 
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bas a thicJmm much Im than dictated by the diameter of the liPt source. To 

maximize the diciency of tranlr,t of Jiaht U...o the wavesuid.e. an involute or 
' . . . 

arc:uaie-shaped rdec:tor ~9 is preferred to avoid~ of light back to the 

source. Relec:tor 49 reclirec:ts the lisht that was not directly coupled into prism 48, 

5 and tbroush one or two rdections· the light hu additional opportunities to enter 

prism 41. Alternate contiauratiom of retlectc>r 49 are po111"ble u is known to those 

skilled in the llt. An array of negative 111111tn1ctun139 may be used to efliciently 

spread the Ji&bt oiatput of prina 42 to a wider distribution qle. If the dianicter 

oflisht source 37 is "Land the-heiPt of the~ filce oftnpezoid prism 48 is D, 

1~ a typical ratio is D : dt·of about 2 : 1. Tia,wavepide ddckneu dw is nwch less 

tblll di.. and may be 2 mm. 

It should be appreciated thlC this·ltrUC:tUl'e o!in pnyioully unavailable 

ucbitecUnl opporUmidel. For eu.mpJe, the light Sxtme is quite shallow and so 

does not nquile a thick ceiliaa ·· Where dropped r.cifinp are used the dropped 

15 ceilina med not be polidonld very 6r down &om~ hiaber IXld c:e.w1in& 

therein ..... ~ buUcliagtecbniques. bmeto&>,e unavailable 

..... ofbulty Jiahtinatlxlllres. Other _beaelill iDclucle improved liaht uniformity 

ovs two cU......_ ...... in peripberll Wli.an ofthole ia the space beina 
iJluminlted, moi. dcieat 111e of the liaht ~it caa be directed to the areas of 

interest nti•ns appropdatlly-.... prisms m1 ...._ Purthermore. •prism 

covenae m1-......, bevaated ac:rou dle WIMpide to pnMde uniform 

illuminetf.tm'iatlletlllJ* ... 

While Clll8 embodiment may_.... two ateru'ecl lisht 1GU1ce1 u 

dim ... lbove, an.._..... shown in F11- 9 may be used. Here, multiple 
2S Wlftlllldel lllUCllnl 40 my.__. a common U.-10URO 37. Tbis Ml'lllpmmt 

an... the liaht ellicim:y since men of the liabt Imm liPt source 37 is directly .. 
aoup1ed to om or IDOtMr of the adjacent waveauidea 40. Prefenbty, reflectors 

· IUmllDld Babt IOUlce 37 to •pie~ stray liabt to. dll wavepidel through 

one or more rellections. M would be obvious to tho• skilled in the art, additional 
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Whal is dlilnld is: 

I. An apparatu1 Cor directing lipc in a desired direcdan, the appamus 
. . . : ·~ 

~: 
a) I ftnt wavepide hniaa I first edp and & secoacl edp opposed 

thereto. Aid flnl wavquide Jlavina ID index of rehction hisber than that of iis 

IUl'fOWldiap; 

b) a quadrllamal seoand ~ llicl llCOllCl waveauid• Ja'Yin1 an 

indtx oCrlha&ioa hlpw dlla that ofill IUll'OUlldiap 1114 haYins Sat, second, 

io · ddrd. lllCI tbunb......, tbe llnt edae ot• llCOllCI waveplde apdc:aUy coupled 
. . ~ . 

with ml lizecl IO It the tirst ldp of- Ira waepide; tb9 fbunb edp opposed 
'• :·.\· . 

co lbc fint eclp ofthl second wavepide. said fourth ectae deftxdna an input &cc; 

llicl llCOlld ad third .taes eonwtlaa llicl ._ llld fomth alps. Slid .second and 
: . . . . . . . . 

died eclps wh cWlnina respecdve amte anales with llill lrlt eclp; IDd 

IS C) a llllldplicity of prisml opdcaDy coupled wida a .. of' aid pllnll' 

20 

tlm waveaulcle. 

2. TU lfPll'llUI of cllim I ~ ibe Int ad second wavepides u. 

imtll'lllY tonned. 

. ' 

3. All appll'llUI tor dirmin1 lilht iD I c1Bire4 ..... tU lppll'&tUS ....... 
a) a wawpide bavin1 • edae .tor ooapJias co a liPt tomee, lhe wave 

.~ •, I ! . • . 

plde bavina an index ofnhctioll na. t11a smramdiDp oftlae wavesuid• hmna 
111 blla ofrehcdoa n.. the fllio ofn. to a1 cldniaa a rllio ta; tlse WIWpide 

... fin& and ..... sicl11; 

b) • mulliplicity of priUD each b&vina a resPIG&ive iadcx ofnhc:don 

112. die ratio oln. to nz clt&nina a racjo l'L 1he ratio rz ipplonm1tely equal 10 r1, 

each prism bavina at leut 6nt, --S. and third tic:a; lftd 
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c) dleh. llCODd. llld ddr4 prilm&Cll .r...-. iadlattbeh 

.. ii opdcaDy oouplecl to llicl ~ - --........... plwr. 
'· . . .. . :, . 

llld .cltffaes. till: ... with .. tO laid jpt. aide.. ddrcl .. of wh prilm 

havina a pmdon-.- to a plane-~· perpcadicu ... to die clelinld lisb& 
OUlpUI dlnlC:lioa. . 

4. Thi .,,...... of claim 3 wlaeniD tbe &st .. secGad lidea oltbl 

waeauid• ue pmllll 

. ·. . . .· 

10 · 5. The IPPlflllll atcllim 3~~ .. Waveauide1111 primll n iaceanJly 
bmtdoftbl .......... 

. ,. Tbe appm1111 orclliln·3 ~ ... ~ r.. ot..m p11m is p1mr. 

I. TM·IPPlfllll of claim 3whereintbe1lllrd 6ce oltlcbprillll ii a C01MX .... 
9. The appll'Dll of cllim 3 w._. die tbinl ._ ot.m prim la a aosave ... 
10. 1'111 ...... Of claim 3 'Mlereill • tlainl .. of Ilda prism ii ID upheric ..... 
11. . AD ....... fbr direclina 1i&lll in a daind ....... tbl .,,._. 
comp&ilina: 
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a) a &s1 waVlpicle havina a Jim eclae lllCI a llCOlll eclp opposed 

therlto. llid first waveauWe hsvina 111 inda otrehcdon bip dlUI dm otics 
surroundinp: 

b) a second wavepidl opdcdy coupled 10 die ftnt eclp; and 

s c) a muldp&cicy of'prisma opliCllly coupled widl a ta otllid pJamr 

ftrn wavtpicll. 

·:4··· 

·~··' 
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