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to Rel ated Kp icdtion This application is a continuation-in- part o

Serial No. 08/149, 219, filed on January 11, 1994, entitled Backlighting
Appar at us Enpl oying an Array of Mcroprisns. 15 Background of the Invention

This.invention relates generally to an optical illumnation system for
collimating light that provides for relatively high Iight transm ssion.
More particularly, the invention is-directed to-an illum nation system

having a plurality of 20 optical mcroprisnms and mcrol enses for
redirecting light renoved froma non- collimated |ight source and providing
either separately or in conbination a non diffuse or a substantially
collimated |ight source output. A nunber of optical and illum nation
applications require the production of either a non dlffuse or a collimted
| i ght source which provides an efficient output 25 fof light. Typical

probl ens encounfbered with collimted |ight sources include: 1) a _
non-uni formlight distribution; 2) a lack of a controlled directional

output of light;” 3) ineffici enLEYMINATION SYSTEMEMPEOYING of the .
collimated |ight output versus thmnmp‘ml.'m#p%i mated |i ght

i nput; and 4) the |ack of an efficient collimte I ght source in a canpact
design or narr \6/ profile. 30 - Accordingly, there exists a need in
the optical an ' um natlon arts to provide an illumnation assenbly that
provi des an ener gy Grbss Refere ated ¢/ atiohi | e nmai ntai ni ng a narrow

profile. Summary of the'l‘hfb A daﬁ&léicontmuauo ttﬂanodrf‘if erial NG U8/ 149 219

directed to an opti nat | on ovi des_ eij t her sépa’rately
or in conbination %M g 8 shamsﬁpvmz Empiqying aaiArey of g 1t
source that is enerMigroptibms.i ent (here| nafter referred to as a spatially

15
Background of the Invention
* This invention relates generally to an optical illumination system for
collimating light that provides for relatively high light transmission. More
particularly, the invention is directed to an illumination system having a plurality of
20 optical microprisms and microlenses for redirecting light removed from a non-
collimated light source and providing either separately or in combination a non
diffuse or a substantially collimated light source output.
A number of optical and illumination applications require the production of
either a non diffuse or a collimated light source which provides an efficient output
25 oflight. Typical problems encountered with collimated light sources include: 1) a
non-uniform light distribution; 2) a lack of a controlled directional output of light;
3) inefficiencies with regard to the amount of the collimated light output versus the
amount of the non-collimated light input; and 4) the lack of an efficient collimated
light source in a compact design or narrow profile. _
30 Accordingly, there exists a need in the optical and lllummauon arts to
provide an illumination assembly that provxdes an energy efficient light source while
maintaining a narrow proﬁle

35  The present invention is directed to an optical illumination system which
provides either separately or in combination a non diffuse or a substantially



directed |ight source). Additionally, this invention is directed to any

| i ght i ng™W@9BBI&Gati on that requires a | ow profile spati al Pgruseseaissd | i ght
source. The optical illumnation systemconprises a diffuse input |ight
source in 5 close proximty to a light transmtting neans, a reflecting
means for renoving and redirecting the light fromthe 1ight transmtting
nmeans where the-reflecting means are operatively di sposed adjoining said
light transmtting nmeans. The reflecting.nmgaps conprises an array of

m croprisns, or in combination an array of microprisns in optical

~ cooperation with an array of mcrol enses whereby the 10 m croprisns are

operatively dis Ly aht t Lt ns.,and the

m crol enses. Th%g ﬁ@ﬁf {gmaseo magﬁast lgo e@(e% g@ﬁf‘“\"ﬂ?@ﬁ?’%ﬂ%ﬁﬁ%@“ﬂn
energy ef fici entdirgsted P@SG@‘FG?) d’fddQMYathlvﬂthnnemlde‘em@mthnngs provi ded
inalowprofil applicaﬁdsl’odhatreﬁmreﬁla@o\vbﬁi‘m!s'pﬁdal@ somﬂ'cé' ngl e input

l'ight source is posi acent to h CcC surface of the
light transmtting neangﬁgcfﬁéuﬂ%g“ n Ftﬁﬂ'scr?ﬂppﬁ ‘f‘@ﬁﬁ w&lﬁwnst ructure
‘that transni Bs Iclogeproximity tofallight transmittingieans, arefléating meansfor feimgbing wadige,
wavegui de or anyediebiiig thé ight fﬁ%ﬁhkﬂmahﬂm&di@%ﬁ‘eaﬁ&h&%e r@ﬂ%{}ﬁqﬁ {n

at accepts

Preferably the I| ht tralgmttlg%means | ses wavegul

the Iight gener&f vely dispossd P‘"ﬁﬁt‘a@ M'&?K‘ﬁo Fhesreflegting ght vi a
total internal Ztaansm;imcstmanayﬂﬁ)cmpﬁsmacdwdcmbmmﬁmmyoéf t he wavegui de
Is an array of m ut surface
in contact vmthmtlﬁg wavszﬁrs?ne ang ﬁ@egilﬁmgut ut ngéﬁkﬂ%:ebﬁgkp%pﬁto and
paral | el with t FUCTPPTAMS 3¢ ppera tg'alr/#&e JPﬁ'é"eﬁ? dight tapsmitting means sadpei se
four sidewal's. Tierolenses. 'Shdmﬂedthgmm@ présent inGéntion p dmﬁéahléﬁér 'ght |
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- mcropisns as a“ﬁ?ﬂ‘&? ally dlrected Ilght source A spatlally directed Iight
source is nmeant to i rdnéGeefern sﬁgﬁgace in a

2 1T oht soutie Al %@?ﬁﬁ%‘%ﬁ t‘%ﬂ}eﬁw “t Frepging eans, The i@ he | ght
out put surf ace. trausmitting means may hsmmmwammmtm reflection,csyciois a
mi crol enses i s nglﬁ ik el RO 8 B i koW o BdhPllncat { 20 of
t he mcroprlsms |'s of each mcro rismare I'n such a
way that |i ght e@ﬁéﬁ‘é’% HpRsmuting E‘E"l’rc%‘g "{‘HF%'H&*%‘FHS‘-’%egw de
is captured by ﬂhélsm genepted Syrthe inpait lighttsoutch WWSP‘*TE the Lighn jwiaitstabintenaal TI R -
and emer gesz{ r ofefleétion{TAR)C Attadheti dhSore R YE Hﬁlwﬂ(veﬂh(k% WH}J cﬁ'mlcropnsms
The microprisms comprise a light i input surface in contact with the waveguide and a
light output surface distal to and parallel with the light input surface. The
. microprisms further comprise four sidewalls. The four sidewalls are angled in such
a way that light traveling through the waveguide is captured and redirected by the
25 nncropnsm_s, reflects through the microprisms via TIR and emerges from the
microprisms as a spatiaily directed light source. A spatially directed light source is
~ meant to include a substantially collimated light source in a direction substantially
perpendicular to the to the light output surface or a light source directed at an angle
with respect to the normal of the light output surface.
30 In an alternate embodiment, an array of microlenses is operatively dlsposed
adjacent to the light output surface of the microprisms. The four sidewalls of each
microprism are angled in such a way that light from the single light source traveling
through the waveguide is captured by the microprisms, reflects through the
microprisms via TIR and emerges from the microprisms as a spatially directed light
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-"3- sourc ) crol enses-are forned with the proper cur ;
posi ti one%ﬂgy’ﬁfﬂ the light emanating fromeach m cropri sirﬁﬁ.,gg | re‘%t ed to

a corresponding mcrolens. The light transmits through the m crol enses and
emerges as a substantially collimted |ight source.” 5 - I n anot her
preferred enbodi nent-two input |ight sources are positioned adjacent to
oppositely di sposed-1i ght accepting surfaces of the light transmtting
nmeans. The light transmitting means conprised a wavegui de that accepts the
| i ght generated by both input Iight sources and transports the light via
TIR Attached on one face of the waveguide is an array of mcroprisns. The
m croprisms conpr i werca. The midrolghses anefotmed withithe propenawvasne and positidned so

wavequi de and a | | GiuhOUitR naidtinh o EhoR drogrfinA irfiRéAtplaSloniiohatipe | | ot

I nput surface. The m crop further conpr.ise four ti 3S|dewa | s that
are angled in sucrf“’é‘liﬂ? Hﬁ@r m&ﬁv&gﬁ)ﬁ‘g@ﬁfﬂéﬁm%s@ersa%“f% om bot h

i nput |ight sourcbstmtmﬂpmlhmatedihghtrswneect ed by the mcroprisnms, reflects
through the mgropris r

spatially 15 cs(rjl rect g?"l |&H%—J sour ce n S?llt ngﬁhghﬂ | %eralhéé&“ﬁﬁe@
embodi nent, an arrﬂ‘}acaﬂ“ﬂPEPQﬂtElﬁéﬁB%eg helight tpnseiting t o t he
light output surf agemsf Thhmnﬁﬁmgmﬂmphmramﬂgméﬂmaﬁcqﬁﬁmhgm
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through 20  the nonsrfageraf theswameguide Raam risme nT heymicraAptisopeompriseas a

spatial ly direg edjght tWﬁﬁcoﬁm\mmehaw‘game%@ahgrﬂmwmc&hﬁtaproor)er

curvature and pomhog@ﬁ sSQ tﬁemhe | i natl n fr each mc rlsm
is directed to a ¥ i %WWE The

light transmits t rmltedgidewﬂs thataroangiedds smhd \uyehgdshmwlumnshmmmdq
collimted |ight sgn¢ sourcesnI@fﬂtﬁ‘re&Eﬁd féﬁﬁ&tédﬁ)‘&m: Rifdro$tidms, reflects
applications that can e agva an m nat | Qn syst em,

enpl oyi ng such an é?‘?“&hg'&@ﬁ{“m EF%H‘{FFE“&?&)&'?H' é,_paqatlally

appl i cations erg stdirectedilightesotuwent i ve i ndustry, the aerospace I ndustry and

wty of exarpl ¢ Sﬂﬁér S ey .ﬁ%‘é‘@ﬁ?“ﬁ‘r’%@m"h’e poss%’“’t‘*’%ﬁ‘:‘py

appl i cations i ncl udisposedsadiasensitp the the microprisms. ;e
profile interior ceffeath glticprishcaie afglddaadmhg waygmmﬁbmmlﬁggwoarces i ght
sources for das hbo&{‘ghﬁa &PA@X% waveguide is captured by the microprisms, reflects through

20 the microprisms via TIR and emerges-from the microprisms as a spatially directed
light source. The microlenses are formed with the proper curvature and positioned
so that the light emanating from each microprism is directed to a corresponding
microlens or a plurality of microlenses. The light transmits through the microlenses
and emerges as a substantially collimated light source.

25 _ There are many illumination applications that can take advantage of such an
illumination system employing such an arrangement of micropriéms and
microlenses. Such applications exist in the automotive industry, the aerospace
industry and the commercial and residential markets. Some automotive
applications, by way of example only and are not intended to limit the possible

30 applications include: low profile car headlights and taillights; low profile interior car
lights such as reading lights and map lights; light sources for dashboard displays;
backlights for flat panel navigation displays, flat panel auto TV screens and flat
panel electronic instrument displays; traffic lights; and backlights for road signs.
Nlustrative examples in the aerbspace industry include backlights for flat panel



backlights for flat panel.navigation displays, flat panel auto TV screens
and fl atWw@as@te72| ectroni ¢ i nstrument displays; traffic |IHQyISeso4zasi
backlights for road signs. Illustrative exanples in the aerospace industry
i ncl ude backlights for flat panel 4 cockpit displays and flat panel TV -
screens in the passenger section of the aircraft; low profile reading -

. lights and aircrakt landing |ights; and runway | anding |ights. Residential

and conmercial applications include |ow prgfile interior and exterior
spotlights and roomlighting with a | ow degree of collinmation; backlights
for flat 5 panel TV screens, LCD displays, such as conputers, gane

di spl ays, appli

Addi ti onal obj e%tggfp d%?glgde n novsgleg%eat ures o? g oﬁg\?@%{lﬁgﬁﬁw |

set forth. in par‘?WPFP teeading (?H"Wﬁ ngJightsvand lﬁmﬂlﬁﬂ%h@tﬁll becorre
apparent to thosl&slﬂ&mlalmldomniehialapphcmts umlmlmld\aprdﬁle inferibhandfefterion ng or

may be | earned |

advant ages of tﬁémﬁ \}searplr%ﬁﬁlngﬁtx@e rea |ze og%lg"%'glﬁ%'ggk%ﬁgﬁ'%g%gl%f t he

i nstrunent al Bt i anehdy sgm Yﬁaﬁ“? moamuserpmeé@plem appliandee appended
clainms. Brief D@iisﬁla Tnla@lilnﬂlls -~ ‘The above and ot her

obj ects and advant ag t i s |nven i a nt on. con deration
of the followng det 21%9@8'"8 g{ﬁag ﬁ{g%‘%F Ay ntign, W lb _
acconpayi ng dr admlyin,paitin tlhldewnptldmsWhlell Enllewe,and irpast-willibecome appateot toi ke
brbodi LQL?“8P°?E%°s@9§‘é“‘““f“n%u°ﬁ'%“°"'& TSR bt Ay Y Bl b |
li ght sourcd® FP agﬁ&e &E‘?g"’%l’ﬁ' Exgﬁﬁ)%ift%'@\ﬁ%m& tﬁ%ﬁgﬁmﬂ“ﬂfmﬁ g. 1;
FIGURE 1B is an rdlmdndmameébym&mbétbmﬂdmmﬂnwinﬂ@bmmﬁ%hﬂyl s an
el evation vi ew ‘plmﬁddeou? %@H‘?X 9. 1 including an array of

'S an a

m cr ol enses; | ternate view of the enbodi nent of
Fig. 2 correspondl ng m croI ens FI GURE 3 is a sectional view of a single
m cr ol ens; BPesch : @ one enbodi nent of ‘a single

m crol ens; 15 ' Theaboveandotherob)ectsandadvantagesoftlnsmentxonwﬂlbe
' apparent on consideration of the followmg detailed description, taken in conjunction
‘with the accompanying drawings, in which like reference characters refer to like
parts throughout, and in which:
FIGURE 1 is an elevation view of one embodiment of the present invention
20 in conjunction with a smgle input hght source; -
- FIGURE lAisan exploded view of the embodiment of 'Fig. 1;
FIGURE 1B is an alternate view of the embodiment ofFlg 1;
FIGURE 2 is an elevanon view of the embodiment of Fig. 1 including an
array of microlenses; -
25 FIGUREZAlsanaltematevxewoftheembodunentofog 2;
corresponding microlens; '
FIGURE 3 is a sectional view of a single m:crolens,
FIGURE 3A isa plan view of one embodiment of a single microiens;
FIGURE 4 is an elevation view' of an alternate embodiment of the present
30 invention in conjunction with two mput light sources,
o 'FIGURE 4A is an exploded view of the embodiment of Fzg 4;
FIGURE 5 is an elevauon view of the embodunent of Fig. 4 mcludmg an
array of microlenses; '
FIGURE 6isa exploded view of the embodunent of Fig. 5; and




FIGURE 4 i vatlon Vi ew of an alternate enbodi rrent of nt 30
I nvention ﬁﬁggﬂﬁ*‘iuﬁct lon with two input |ight sources; iﬁ:”ogﬁgn

expl oded vi ew of the enbodinment of Fig. 4, FIGURE 5 is an el evation vi ew of
t he enbodi nent of Fig. 4 including an array of mcrolenses; FIGJURE 6 is a
expl oded view of the enbodi nent of Fig. 5; and FIGURE 7 is an alternate
vi ew of the enbodi rent- in Fig. 5. Detailed Description of the Preferred

Enbodi nents The preferred enbodi ments of the Br ésent invention wll be
better 5 under stood by those skilled in the art by reference to the above
figures. The preferred enbodi ments of this invention illustrated in the

figures are not intendedFIGURERT isnaltemate viewr ofithe ermbddimentin Fig\éenti on to the
precise formdisclosed. They are chosen to descrl be or to best explain the
principles of the igvention and i ' ractlcal use to thereby

Jetatled 1)8s N - :
enabl e ot hers ski | | SHarsfiiesenniion ol g ‘the invention. One

preferred enmbodi ment of The@refeme;bemqummofalnprsmhmmwn“ﬂlysbet&r 1A and

1B. An illum natg ong,¥st I ;h‘ife?ﬁﬁp rﬂé[u‘é | i ght
generati ng maansg 14 d?’\@e u 'g\?ll ng; ’L%H; accepttlwr%g surf?c‘é;1 17 and
a transparent reflﬁwﬁg‘?@“ﬂﬁ pfthis avention illy (Zuees ags not intended to

Il lustrative of useﬁa&xhdrﬁmﬂﬂ:ghhghamvetﬁongomeapna::stffomrdisdlaeertsh are

fl uorescent tubes t ! @E]Q | | HF I i ght and |
the like. The waveg'ﬂhilo tfg@c%é&gte(yf %gﬁlmmf an ar en {elléq lﬁs}uch as

gl ass or pol yner. I#PPF"F aple and practieal usptadherel Y aﬂ\srsrlrﬂlp%mhpm&hestutmze
proximty to waeduhevéstionand reflecting means 18 is in contact with wave

gui de 16. 20 reflecti ans.18 ¢ i ses an t i.onal
adhesi on pronoting | ayet&fé’rﬁéﬁ‘a‘% ?‘t8f€hﬁ1 5?%??‘@%""2‘% g8kt
t hr ough wavegui de 18diBa Amﬂumu@nsymwmcbbmmm& ngmsysz)lightl ght .

i nput surface 30, réi.,fn algﬁ 36 £fight ﬁmeS”t
m croprism 28 throu t he™ I ¥ ht ou surface as a ect ed
Hansparen sl 18, Sl o

| i ght source.
wavel engt h rangs frl@hgmgﬂ@ansdmwmﬁomenﬂubes, light emitting dibdesct i on of

the waveguide 16 MBjcanescent lights, sunlight and the like. The waveguide 16 is made from any
transparent material such as glass or yolymet InFig. 1, light generating means 14
is in close pro:nrmty to waveguide 16, and reflecting means 18 is in contact with
wave guide 16. o |
20 The reﬂectmg means 18 compnses an optional adhesron promoting layer 26
and an array of mreropnsms 28. Light reflects through waveguide 16 via TIR and
enters each mrcropnsm 28 by way of light input surface 30, reflects off sidewalls 33,
35 and 37 and exits the microprism 28 through the light output surface 32 as a
spatially directed light source. o
25 Waveguide 16 is transparent to light within the wavelength range from
about 400 to about 700 nm.. The index of refraction of the waveguide 16 may
range from about 1 .40 to about 1.65. The most preferred index of refraction is
_from about 1.45 to about 1. 60. Thewavegu:de l6maybemadefroma.ny
~ transparent solid material. Preferred materials include transparent polymers, glass
30 and fused silica. Desired characteristics of these materials include mechanical and
optical stability at typical operanon temperatures of the device. Most preferred
_ matenals are glass, acrylic, polycarbonate and polyester.
Microprisms 28 can be constructed from any transparent solid material.
Preferred materials have an index of refraction equal to or greater than wavegmde




range from about 1.40 to about 1.65. The nost preferred index of refraction’
i s fronvabesme. 45 to about 1.60. The wavegui de 16 nay PpeTrusgsostgsom any

. transparent solid material. Preferred materials include transparent

pol ymers, glass 30 and fused silica. Desired characteristics of these
materi al s i nclude nmechani cal and optical stability at typical operation

t enperat ures of- t.he device. Most preferred materials are glass, acrylic,

pol ycarbonate and pol yester. M croprsns _2g can be constructed from any

- transparent solid material. Preferred materials have an index of refraction
equal to or greater than- wavegui de 16. Preferred materl al s have a

refracti I nd t,1.:40 dbt165 |
ol y et iyl et hate JrefbEsd maeoHi bas @ittt e hetveen oBpys | A and bout s cne)
pol ystryr eng aragd ml"ﬁmplymﬂthvﬁ% hﬁawlﬂwpbpﬂbgnm P%&tﬂg%m% e ot
NONONErs. re SGbiYRne hhEplyhay lyrh 43R ween abu
1.45 5 d b t nd. L u |
phot opol yﬁgrl 2&?‘%’”‘%%&% reg?% | ncswgeha%?ggﬁ@g éﬁ#&'@@gz%’f‘eﬁi‘@l‘ﬂéﬁe
acryl ates asd mdhmylﬁatmémagmkdepolymbﬂu‘medwphulbbdymyﬂxatlesof epoxy

| at d
ﬁg{ %agr gfaﬁgs ané Vi ny{l cont al n| ng grganl C mnor@he%y'*‘&ﬁ&ﬁbﬁggrﬁtg '
i ncl ude net hyl 3&atescang methacrylates, APPKY ATy ly P'&dm?m%é&%h’)%@‘%ate 10
i sodecyl acryl gyeol a’bfshatdsr myﬁtm#ylwma&i@l c ﬁ'ghiﬁdf ﬁhbﬁd»mélrsf Vhetile,

cycl ohexyl acr henol A
di acryl at e, neope%?‘ef Ji\’yc‘%llhtl acreg'i”&ia?ecé}g“% %@Eﬁg

di et hyl enelgl ycmd mln@cz mmethx wrylatesd mmpaéoyxlmecyclo exyl
trinethylol pr oraa@ﬁté, mmtweaibpdmaﬁateaamyimd hériol ACdiadryiae, and

pentaerythritol_ tet I at.e. Ci a xtures wherein
at | east one mﬁlﬁ?ﬁﬂ?{y Wlﬂefﬁ WX#FKMF* @ﬁ@ﬂ“ﬁ&‘m’ cryl ate or
triacryl ate, adnuﬂmme.lw-mmdacn&tmmetbﬂdprmMMMt hin the _
react ed phot op%%,thnigy eﬁﬁ%ﬂ{& - 0 ‘;pdgﬂ Nehid 28

f'or med bynghot |1 tho% gre crossl ) nk.edﬂgg{'d {ﬁ\ggéfg? % &R

phot opol yn&Pi zi™EHe h&&g{ 'ﬂﬁ‘i Pa'R“UP #gﬁ% and

tri net hyl ol promlaeommhteeastﬁenwﬂpmdu&metwmkafmmmthmfthd he nost

Phat “can be. ueeid f"‘?‘*@?‘?‘é‘%"e et red "“*’?ﬁ“ ”ﬁ%‘ﬂ%@ﬁ’?‘ﬁf@ Flon
nol di ng, includ of q‘m Ff@(ﬂl"m eriZag mrares
M croprisms 28 oﬁemomed hiphdndly\ dinérglatetand trivhethylglpropanefiacrylae. Thelideof
20  of'refraction of the most prefefred materials rangee from about 1.53 to about 1.56.
' Other materials that can be used in altemate methods of manufacture, such as
injection molding, include polycarbonate. acrylic and poly(4-methyl pentene).
Microprisms 28 are separated by interstitial regions 36. The index of
refraction of interstitial regions 36 must be less than the index of refraction of the
25 nncropnsm 28. Preferred materials for interstitial reglons include air, with an index
of refraction of 1.00 and fluoropolymer materials with an index of refraction
ranging from about 1.16 to about 1.40. The most prefen’ed material s air.
The opnonal adhesion promotmg layer 26 is an organic material that is light
transmissive and that causes the microprisms 28, especially mlcmpnsms formed
30 from poly_m_e:_'s, as for example photocrosslinked acrylate monomer materials, to
adhere strongly to the waveguide 16. Such materials are well known to those
skilled in the art. The thickness of adhesion promoting layer 26 is not critical and
can vary widely. In the preferred embodxment of the invention, adhesion layer 26 is
less than about 30 micrometers thick.
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refraction ‘g;”%,#gg stitial regions 36 nmust be less than th

refraction mcroprism28. Preferred materials for |ntersP|t|aI
regions include air, with an index of refraction of 1.00 and fl uoropol yner
materials with an index of refraction ranging fromabout 1.16 to about
1.40. The nost preferred material is air. The optional adhesion pronoting

| ayer 26 is an organi-e material that is light transm'ssive and that causes
the microprisns 28, especially mcroprisms fo?med.30 frompolyners, as
f or exanpl e phot ocrosslinked acryl ate nononer mateétials, to adhere strongly
to the wavegui de 16. Such materials are well known to those skilled in the
art. The thickness of adfhesnicroprisntsmaiyi b@riangedrmﬁ@panenomwavdgmdalléaudlmn

vary widely. | n ¢ henny eher! Rttt WBpleof pidin| T SRS ket 2V ST
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or hexagonal pattermpeai'ﬂﬂtammlg Smmwwauompa‘aﬂeltbmmpﬁ‘&iﬁh@ln) in

i <t ance 40 (713 " tegpefifineblrs Ao paﬁwg’rﬁ%@c‘“ﬁﬂﬁ& i sur face

17. 5 Repeat di stdependingzm the esalgtiomgndidim eqmsomedﬁelqmamﬂﬂmo
wi del y dependi ng ondiftiites S$aId40 My aabmmm&&fméh@e@uﬂellehoﬂd&m

addition, the repeat dist es, 38 .a 0 ¥ vag oss th of the
wavegui de 16'i n'or GO %WWP%M@W%@WW b ey
i nsi de wavegui de 16frem lightgensratingrmeans l‘bmenylt'lbe ntngkmgnmsny is due

i ncreases. Thigg ovg efbvil gﬁ:ﬂdcﬁﬁgrnh&b theSarflye 10 to light

renoval by the other opr.I S

of .t he arra h m cyopri,sns 28
constructed to forma sisemefopnsRAfAre £ f?e‘gﬂ'&hsﬁgfe I?@H?‘“Fﬁ
surfiace 30 parall eIhmngiathmmhtsuﬁa&ﬁOtpaﬂllelfvaﬂamouﬁ)mrsmﬁcdmvdheghithe _

out put .surface 32 '}@h@&ﬁ&ﬁhs‘:ﬁé% f R eER

i nput surface 30. op 'S Tzu er conrp ftsugs tmgﬁggwg% ﬁ.bg.‘ppggthtel y
di sposed 15  si devitfpce furthep comprises B9 parsof opppsitely disposed
effective in rafs ecsidemnmsj 3uadd Bs;cm rsmmum gbmmme&bmwage&ﬁnggnd

I uah vt ool i BihVyatd 5 gl gioG i Bl 18] bl
per pendi cul ar to tHat sidewalk33 wnhmvm@ellﬁmadhﬁmma@ﬂmoasfm\m
inFig 1, t he | Nt of BRAhdtpedpendicRy'® the SveratiedireRIUAT e lighf VT edingl€28F 2
line _ shown in Fig. 1, the intersection of sidewall 33 with adhesion layer 26 forms a line
. 20  parallel to the light accepting surface 17 and is therefore perpendicular to the
average d_trectxon of the light traveling through the waveguide 16. Although
‘sidewall 34 is shown as parallel to sidewall 33, the orientation of side 34 is not
critical.
~ Asshownin Fig 1A, each mlcropnsm 28 is formed so that sidewall 33
25 formsatilt angle @ to the normal of the surface of waveguide 16. The desired
| values of tilt angle ¢ range from about 15 degrees to about 50 degrees. More
preferred values for tilt angle @ range from about 20 degrees to about 40 degrees.
~ As will be obvious to those skilled mtheart, tilt angle ¢ determines at which angle
with respect to the normal of the light output surface the spatially directed light will
30 = emerge. I |
" Referring to Fig. 1B, sidewalls 35 and 37 also form a tilt angle 6 to the
normal of the surface of wﬁileguide 16. The desired values of tilt angle 6 range
frqm about 0 degreeé,to about 25 dggkees. More prefe_fred values for tilt angle 6 -
range from about 2 degrees to about 15 degrees. Perferably, the tilt angles 8



20 parallel to the |ight accepting surface 17 and is therefore
perpendlwulmldm the average direction of the |ight travgtifessiplifsguoh the
wavegui de 16. Although sidewall 34 is shown as parallel to sidewall 33, the
orientation of side 34 is not critical. As shown in Fig. I A each T
mcroprism28 is fornmed so that sidewall 33 25 forms a tilt angle [err]
to the normal of the surface of waveguide 16. The desired values of tilt
angle p range from about IS degrees to aboHt 50 degrees. Mrre preferred
values for tilt angle [err] range from about 20 degrees to about 40
degrees. As will be obvious to those skilled in the-art, tilt angle [err]
determ nes at which.,angle with respect_ to the normal of the |ight output
surface the spat3sscae dg‘f"ﬂbi!‘?"é\‘}u?r”éﬁ‘id%”r"?% butequal pnglerateaor necgssany. Fi g.
1B, sidewal|s 35 and 'Blihaighmffmcmpasmizs hasatigémidncS0ral skawvrl i Fig) QA Meight t he

surface of Wav e g éﬁﬁ Ao "g%"\ﬁgémﬁé“&%"’t‘h&é’s ﬁ&?of{tﬁédxlqlrange from-

about O degrees ues ™t angl e

[err] range f ro e “FIE)WBP c&@‘ﬁ@'@ﬂ*w apdbaviqnicsidisplays he tilt
angles [err]s mﬂd)ba\etgﬁeitlwédhcaﬂ dimenions v&ﬁxsﬁﬂ@eﬁzﬂ?ﬁy@ s®hus largdietecg A

angl es are not zﬁgﬁéﬁ_ﬁ{ﬂ@v&ig hei ght of m croprism has di mensi on 50 as
showmn in Fig. 1 y vary w degmdependl ng on the dinensions and
resol ution of the di élgréﬁylsﬂmfancmsnms%has efistops 53/and Budiength SRapt op

conput er di spl ayprraséndsfotne ght BpEPumide 10 and WgHs GOrRs b naeidﬂieﬁgﬁuced

: ;FEC.S'sf’QﬁsverS“vahﬁz,@ﬁ%?éi?a%'b?f Shbsd w{;i‘ K ot Bprensh 32 e 5211 1
52 correspod@s tand 55 eayiveyrwidely depending on the dlimensions andgesohiisn obthedisplapds t o

the I'ight out pUtIni&foiﬁgﬁle?l&: Kﬂ“ﬂh}‘vﬂ?a&é&tﬁ@&ﬁﬂﬂ@&ftﬁ@ tﬁﬁs?xﬁ{tﬁ tha”
l.ength 52. Lengths 5

ar on t
di mensi ons and. "¥ep} 'i“(?ﬁdﬁpf‘ﬂﬁ”e&ﬁ%f I‘YWW“&(?&&F?@R' h 52 may
‘vary across the vmegmmisthhﬂsthnogl&omhghgmemmgm&'&uﬂ Thatlig) to

conpensate for g Erﬁﬂﬁlhg !hlﬂ? 16 as the-
distance froml %Sﬁ?wgenera%r%paogs lt?ncrea }ehs qﬁ‘mygm%ﬁ%ﬁn sns 28
that are cl é8er dimgensio ‘ﬁd"“ﬁﬁ?&ﬂ%“sl ght generatingdneans;14

di mensi on 52 as mmmdfmmmwdﬁmmmnﬁmaww@mb snrsg neans

14 This |over %@:&fuﬁpemﬁwmk&mﬁ&w%'ignaia&mﬁ@rvesmby the

ot her m croprisns
- distance 38 of Fig. 1.

- Microprism 28 has wndth dunensnons 54 and 55 (Fig. 1B), where width 54

20 ' cofresponds to the lxght input surface 30 and width 55 corresponds to the light
output surface 32. Widths 54 and 55 may vary widely depending on the dimensions
and resolution of the d:splay and are a function of tilt angle 8 and height 50. In
addition, the width 54 may vary across the surface of the light transmitting means

" 16 in order to compensate for a lowering of the light i mtensxty inside waveguide 16

25  as the distance from light generating means 14 increases. The maximum value for
widths 54 and 55 is less than the repeat dlstance 40. It is desireable that length
dimension 52 be larger than width dimension 54. Itis preferred that the ratio of
lengthSZtomdth54bemtherangeofl 2:1to 5:1. Itxsmore preferredthatthe
ratio be in the range of 1.5:1 to 3:1. '

30 In an alternate embodiment, reflecting means 18 further comprises an array
of mxcrolenses 80 as shown in Flgs 2 and 2A. The microlenses 80 are disposed in
close proxumty to the mlcropnsms 28. If the microlenses 80 are fabricated by
photopolymenzatlon, they are preferably made from the same monomers as those
previously disclosed for the microprisms 28 and have a index of refraction equal to



of the arr maxi num val ue for lengths 52 and 53 is |35
repeat di st@‘y 9s§l§7g of Fig. 1. Mcroprism 28 has w dth di nensi onse@‘daand 55

(Fig. 1B), where width 54 20 corresponds to the light input surface 30
ahd wi dth 55 corresponds to-the |ight output surface 32. Wdths 54 and 55
may vary wi dely depending on the dinensions and resolution of the display
and are a function of-tilt angle [err] and height 50. In addition, the
width 54 may vary across the surface of the 19 ght transmitting nmeans 16 in
order to conpensate for a lowering of the light intensi ty inside waveguide
16 25 as the distance fromlight generating neans 14 increases. The

maxi mum val ue for msﬁb&tmrﬁﬂyeqﬂlﬁ&he indéesfrefravtion bfithe micropdisnthi 28t doweevér). |t

i s desireabl e that %;(arh
It is pref erred thélt)ﬁi;%e‘;Lr tio o?ﬂﬁaﬁt'ﬁ%f‘} Pﬁr}gez{lgebe ot Eeﬁrda%&ge of -
1.2:1 to 5:1. e petnrde-cemsh 'fth@erbamsn pucrplensep, direcaly carrejatey tos: 1
to 3:1. 30 the mepest di&timem sndetoofahemictoprismé D& c Thargs, foravery hicroptisnner

conprises an arg ay & |'ﬂﬁ' T
m crol enses 80 gar ezéc;{hg;ppoe%{e |Jr21’§r§%’o§g‘mg?%§?fr;n¥?86 {MF e %ﬁ%?@&“ I?;ﬁﬁgur%e J?f
the microl enses 80ofgach migsopriss28d by phot opol ynmeri zation, they are

ﬂ]eferably nade t2 Er30m Ej hﬁsﬁé%l@ﬂ&ﬁﬁE?w&ﬁfcﬁol&ﬂ%t sroraaauwrﬁl tl:ebpagr&&ipsmtfor
e mcroprisns an a ex of. refracti.o ua 0

bst ant o 3 e o oyhickiesd A Shafes 87 1 goePinedth i ight ot Higriatisme 2Bk bos
However, any transeolimated bimicrolerses 80, Spacer$3dnayzhe niade ﬁvmltgnsnahnse
materi aI S pr eVldJUShXteﬂﬂSWT?&ﬁ% mﬁ&ﬁlﬁﬁ&ﬁ@ét‘rﬁxﬁ 4rédtpd W

m cr ol enses direct rrel at di st ces ayfo the

to t.h
M oroprisne 28, Th @rw%@%m {0yt siostaDplly equal to the

correspondi ng ni crmﬂemfreﬁaathbfﬁlbngnapnmrz&ahdtMmMemmamsm of each

mcroprism28. A s 9@;@&. HahR Lg]% rlsms
28. The thickness 0 spacer S 'S ﬁé‘t‘%l?n&g gngécauge ?9531 ?t m oprlsms
28 to be col | i mat cePIRHoRitemparaiess of the devign; Mpst preferned ma

transparent 1Qis npd[pdarwmtelaﬁe pélyestedt. mat eri al s include transparent

0T o T oy b S 0 e P
the nicroprisns 285pé\nmau¢esma@raepfms deng or amestigmatic lens ' Ehetfootprntiofs of t hese
materials incl ude ARSI 3034 n&ﬁﬂoﬂw ¥t tdn'bé rédtadgylat inShape, as shown in
Flg 3A, having a length 86 and wrdth 87 that are respectively equal in length with
20  repeat distances 38 and 40. -

If microlens 80 is a sphencal lens, the lens will have one curved surface
having a radius of curvature 84. 'I'he radius of curvature can vary widely dependmg
on the repeat distances 38 and 40 of the correspondmg microprism array. In order
that microlens 80 collect substantially all of the light directed out of waveguide 16

25 by microprism 28, the f-number of microlens 80 should be relatively small. The f-
- number values for microlens 80 can range from about 0.5 to about 4.0. More
preferred values for the f-number range from about 0.6 to about 3.0.
Another alternate embodunent of the invention is shown in Flgs 4 and 4A.
Two light generaung means 14 and 14A are positioned adjacent to two oppositely
30  disposed light accepting surfaces 17 and 17A of the waveguide 16. An array of
microprisms 90 are attached to the waveguide 16 ina similar manner disclosed
above. The microprisms 90 comprise a light input surface 92 parallei to a light
oﬁtput surface 94 wherein the light output surface 94 is larger in surface area than
the light ixiput surface 92. Microprism 90 also comprises two pairs of oppositely



operation tenperatures of -the device. Most preferred materials are gl ass,

acrylic, wa9ssipnl ycar bonate and pol yester. A single M cr plcgnsediilzks shown

“in Fig. 3. The microlens can be either a spherical |ens or an aspheri cal

| ens or an astigmatic |lens. The footprint of a mcrolens 80 is not

necessarily circular, but can be rectangular in shape, as shown in Fig. 3A

having a |l ength-86-and width 87 that are respectively equal in length with

20 repeat distances 38 and 40. If n1crolgps 80 is a spherical lens, the

l ens will ~have one curved surface having a“radi us of curvature 84. The

radius of curvature can vary w dely depending on the repeat distances 38
rism-array. In order that m crolens 80

and 40 of .t he coryespondi _
col | ect subst ant fisPq ﬁ\t?m&e"‘{aﬁ%g ?'&fﬁsﬂ#rggéf‘@wout of wavegui de 16 25 by
nicropri'sm 28, the f - Sidesalls 96fandD8 areleactsfoffiedsdtahe shgleap foahahorial yFheml | . The
f- nunmber val uesg 0 bouyt

More preferred va‘{rﬁgsgﬁ‘gé‘g#ﬁaé#g Pwrg%?{#%alz}g%g&Fpﬂ%{q%&Mgﬁ%3 0.
Anot her al t er nat 8d33a5e pqHah butequal angles gre Mot aacessarys Tbaintersection of eash tilted 4A.
Two Light gerger agnuwr%am 98 4vithithe &Mgam lOQﬁ'laHhéﬁbﬁdayéﬁiI@ﬁﬁféBn,t@Firml

oppositely 30 sed. I| ht su ce |
wavegui de 16.- An tﬁ?ﬁ °5'ft°l ﬁ?%ﬁ&ﬁms@"’%ﬁsjz ??‘g' Q‘W%w de 16
in a simlar manpespendicular tosthe avenagediireqtion ofithe light travelingdthroughytine waveguible ght
i nput surface 92)garallel to a light output surface 94 wherein the |ight

out put surface 94 is face n the, Li | nput surface
92. M croprism 90 al s‘%ﬁ!ﬁ'ﬁﬂ%m gg Weﬁ’&ﬁl”r@a@f’@g ?Q’g‘e‘s at thg_angle 98 sposed
tilted sideved | sth@ﬁomulio%emt&cOBfunhgﬁﬂe 16i Breferibily; tectilnagled ® assoeiagsic h
fornmed at the a 5‘%"‘3@? i de 16. -
Preferably, then‘?ilﬁ?tEi q’[ﬂ glgﬁugts%%h Sl e\/\gﬁr?&@é gnd 98 are
‘equal , but equal MEREFRAN r’f@é\é’ 9“ %@hﬁpquedﬁqsﬁdw@n tilted
5 sidewal | 96 ammmmwnsmmwmom@oamywwmm ing frficdeer eon,

;ﬁdp?@lr iafelorteO terpen%&%%r?ﬁ’e avélr’w |on o %ﬁ@lﬁa"% and 47A

travelmgt%g‘l‘i"m 6. Referring to Fig. 4A S|devvalls 97 and
99 are each forned at‘l‘Hehﬁ:gﬁﬂGﬁrﬁcio@hiﬂx%ﬁasdunenswnllOand:ss;mxlartohexght 50

of microprism 28. The length of microprism waveguide 90 has dimensions 120 and
122 where dimension 122 is less than dimension 120. Both lengths 120 and 122 are
" a function of tilt angle ¢ and hexght 110. Lengths 120 and 122 may vary widely
20  depending on the dimensions and resolution of the display. In addition, the lengths
 120and 122 may vary across the surface of the light transrmtung means 16 in order
to compensate fora lowenng of the hght intensity inside waveguide 16 as the
distance from hght generating means 14 and 14A i increases. The maximum value
_ for the length 120 is less than the | repeat distance 138. _
25 The width of mlcropnsm 28 has dimensions 130 and 132 as shown in Fig.
4A. Dimension 132 is less than or equal to dimension 130. Both widths 130 and
132 are a function of tilt angle 8 and height 110. Widths 130 and 132 may vary
widely depending on the factors discussed above for lengths 120 and 122. The
maximum value for the width 130 is less than the repeat distance 140. Itis
30  desireable that length dimension 122 be larger than width dimension 132. Itis
preferred that the ratio of length 122 to width 132 be in the range of 1.2:1to5:1. It
is more preferred that the ratio be i in the range of 1.5:1 to 3:1.
An still ﬁxrther altemate embodiment of the i invention disclosed in Figs. 5
through 7 comprises an array of microlenses 80 disposed i in close proximity to



the n the surface of waveguide 16. Preferably, Lt.lll;gs angl es
[err] assoygﬁgéﬂg th sidewalls 97 and 99 are equal, but euna g%/ajr“zgg are

not necessary. The intersection of each tilted sidewall 97 and 99 with the
wavegui de 16 or adhesion |ayer 26 thereon, s per pendi cul ar to the
oppositely disposed |ight accepting surfaces 17 and '17A, and therefore,
parallel to the average direction of the light traveling 15 through the
wavegui de 16. The hei ght of microprism 90 hak!di mension 110 and is simlar
to height 50 of microprism28. The length of nicroprismwavegui de 90 has

di mensi ons 120 and 122 where dinension 122 is |ess than di mension 120. Both
| engt hs 120 and 12@icsoprisms P nAtspaner 82 sepatates sheyhisrdlenses) 80fnam mé¢rgprisnis PO .as

Lengths 120 and 12&eﬁ9¥sl9’ﬁ§d¥os\éﬁd?ﬁé/l@@eme &ﬂ'eﬁ@lrﬁi& Jg'hﬁ‘m@bqﬁ’%béiﬁﬁy and
resol ution of the |sp ?%h ¢t|o g % %%2 % al1
across the surf acedFtef Q‘F?Fa't‘ Qﬂg%“{t?f’ﬂﬁ“n@ Wé“‘i‘@ qnses, Predpraply, the light
conpensate for a Ismumelxm@restedxtthmd: migrolenses.cTise spatiallysiirdetedlight gourdeerifnatisg t he
di stance fromlg q{%e,;,i@td Xi mum

val ue for the Iengt?t 'S Pgh t %oﬂtﬂ\hat'“bﬂ% %@Pic@lstanceofgéﬁd%

The width of mi croib'Pf‘Q’Pﬁ B"Rﬂ’g‘aéﬁ tpastesn. (K capfar-toseentes disancmberivesn g 4A
Di mension 132 is |mmléd38§ﬂml)ematéﬂodhmp&tdﬁtai&ﬁ 138and1140 sfithe 130 and

oy vary wi del y aopronrih of"Phdlendih b (A A Taln idbicnl sl ol e O
and 122. The nmaxi ntsrrfhwmcu@mmrarwesowh%tteﬁualét;tmsesmsréanwmemmcmepmas |

di stance 140. i¢ lﬁao%amﬁgsssmzsblﬁmtmmwwesdmﬁbmsmslaﬁrb@e&%aer
t han wi dt h di mrensi@n,132. l glyore.f?crgd that the ratio of length 122 to
°8t“i .

wi dth 132 belnthséﬁl% is nore preferred that the
ratio be in the range oﬁtﬂays{bfmttwpri;m%,mdgeMdmfcmlemeﬂ8ch¢m¢pmufacmred

Sy 1ol O NS ety et i
mcroprisms 90. A® “8?%3 Q‘FQS f‘ﬂ%’ &F?%Icéﬁégqu@ﬁpﬂww&ﬂﬁ%%
90 as previouslsy dmeldlané phbtoidlménqtmn proeesspssviiichodo rext efeploy amgld.i Apréferreds a
Bt 5 kARG R S e i g R
directed 1ight sou?%@r@mang £ micropriseH 28 RE 2833y P Tajerises.St-a903 seaes o
by the m crol enses8B® eanahiufavtuckd a8 a single integrated unit. An advantage of this technique
would be the elimination of alignment errors between the array of microprisms and
20  microlenses if the arrays were manufactured separately and then attached in the
relationship described above.
It will be understood that the particular embodunents described above are
only illustrative of the principles of the present invention, and that various
modifications could be made by those skilled in the art without departing from the
25  scopeand spmt of the presnt invention, which is limited only by the claims that
follow. '




substantially collimted |-ight pattern. The center-to-center distance

bet ween wooseig@nses directly correlates to the repeat di p¢pos§Rpessd and 140
of the mcroprisns 90. The length 86 (Fig. 3A) of each mcrolens 80 aligns
with respect to the mcroprismarray so thgt equal distances overlap

adj acent mcroprisnms as 10 shown in Figs:®5 and 6. The width 87 of each
mcrolens aligns-wth respect to a single mcrolens as shown in Fig. 7.
Arrays of mcroprisns 28 and 90 and m crol enses. 80 can be manufactured by
any nunber of techniques such as nol di n@ainikc! udi Ng i nj ection and

conpr essi on nolding, casting, including™hot roller pressing casting,

phot opol yneri zation withiin a 15 nold and phot opol yneri zati on processes -
whi ch do not enpl oy Anitiuhdnatidn pssesbly comiprisingaf act uri ng t echni que woul d be
one that allows the gefl | ﬁgf:ﬁﬁ‘iﬁ .18 which conprises an array of

m croprisns 28 or '90(a?aneag$$hg§a .m %’.r'ol enses 80 and a,spacer,b 82 to be
manufact ured® as a si®Yl e AN ATy of MISIORTIEMS Whepeineash micIgRriss camprises:echni que
woul d be the elinination @ alaliphtinpit sarface optibsllywoapled tesait lighy of ,

m croprisns and, mtti.q%g‘regd’senses if the arrays were manufactured separately
and then attached inthe relationship described above. It will be
under st ood that the parti@hl aralighhouputhaviag asudaceisees as lnastequaldo thel v

illustrative _ofsﬁﬁae_ﬁegapgam]%tﬁhmtﬁm esent invention, and that various
modi fi cati opys. could be nadg by 4 hose ski.l | in t rt wthout departing
fromthe 25be. s‘(:’ic;ge- andmsa(gﬁ-ri Tiado} &aﬁ@?ﬁfig‘gﬁ@dfsm ?’-F@Yﬁm 4-8?P¥'?g°‘fsi nmted
only by the cl awith saidhlightfinpul sucface and saittlight @itputrsurface whergin at leastonenaf i on
assenbl y conpri gid\Gdeviall) is posifiondd3bs effec@ilotdtdl intétal reflection of light fe@éide bdan
array of mcropr qu%whergl,n each m croprism conpri ses: ,?l 5 a |1 dht
i nput surface off franTBHPE BYARSH said |ight transmitting means; (ii) a
| i ght output having a sur(ivice aseeondqairlof sidéwatiy, disposel beoweenlanti somigabest of
sai d |ight {puf:.sul: s . i ' f
o1 deval 's. diSporshid B inpbd urface end et outp'shithce wikrih btbask 8hd of’

said sidewalls is positioned for effecting total internal reflection of light received by

said light transmitting means.

o 2 The illuminatid_n assembly of claim 1 further comprising an array of
20 microlenses, wherein the output of each microprism is directed to at least one
corresponding microlens. '

3. - The illumination assembly of claim 2 wherein said array of microprisms and
array of microlenses are integrally formed.

25 L I

' 4, The illumination assembly of claim 1 wherein said light output surface is

parallel to said light input surface.

5. An illumination assembly comprising: ;

30 (a)  alight transmitting means having a first light accepting surface in
close proximity to a first diffuse light source, wherein said light transmitting means
transports light emanating from said first diffuse light source; _

(b)  anarray of microprisms wherein each miéroprism comprises:

- {1 LU



wWth said |y L.nput surface and said |ight output surfac i n.at
oS EefiARafbdled

| east one sidewal | s is posiitioned for effecting to ernal
reflection of light received by said light transmitting means; (iv) a
second pair of sidewalls, disposed between _a@? contiguous 15 wth said
l'ight input surface and said light output surface wherein at |east one of
said sidewalls is positioned for effecting total internal reflection of

i ght received by said light transmtting neans. 2, The il lum nation
assenbly of claim1 further (@onpeilightrioputsurface aptically 2oupledtosaidilights e s,
wherei n the out put mﬁﬁﬁé\n el Oprismis directed to at | east one
corresponding m cr.t(r)#%ns. Sﬂnﬁ; The il lum nation agsenbly of claim?2 erein
said array of microprisns af® ar Pgﬁh'(ﬂ“tl?ﬂt@?ﬁl‘%ﬁ °§F"€aﬂfﬁa@§jﬂﬁplt§2 *’Sﬁgﬁ%d.
25 4. The i | | urareacdfisaid lightsimpdiIsyrfae; cl ai m 1 wherein said |ight output
surface is parallel to saidight ¢l o o od A lgation
assenbl y corrpr?si ng:. 30 d".) Eﬁkﬁ?& °?§’5‘{°?‘gﬁ¥d'??‘?a"‘ﬁds%‘qdf“to?“ﬁé’tsﬁé%ﬁs havi ng
a first |ight accedtweey and contiguoysvigh spichlight inpphsurface andsaid;light oypytisusface | ght -
source, wherein Saylkrdih 8dth of sald Sidewills Fomi¥RATse tif MR thendringlif thesurfate 60
fromsaid first di ”Ll‘igﬁ‘%i ht Source (b) - an array of mcroprisns
wherein each m cros&di thpg means, 13 (i) a light input surface
optically coupled to said |iliyht &sesondipair ofioppositely disgased tilted sidewallit out put
having a surfage. aigRs&f tethéh ahd8dht ?us?dg‘i'tiﬁ Siflight fpubburad shd saidlight HRP:

surface; 5 (i, afl pal r~ of "opposj tel | Sposed
si dewal | s di sposeé“ﬂ‘é?mh“té"ﬁﬁtégﬁ? lighs seanstpitingmeags ﬁfﬁ'(“.ePF%?Jéisa%dur face and
sai d |ight output sidenalicformbesesond tilaaiiglofo thenormeal dfthe stirfact of said Hghti rst tilt

angle to the nor . -%ﬁm face of said light transmtting neans; (iv)
a second pai.r of ”gl{;aagéllt{\ yéd(#lg’sposed tilted sidewalls, 10, . disposed

bet ween and cont i guous viersin, said dight rgflecting piseugh saiddight wansmistingimesngientesut put
15 said microprisms through said light input surfaces, is redirected by said sidewalls

and emerges through said light output surfaces as a spatiﬁlly directed light source.

6. The illumination assembly of claim 5 wherein said reflecting means further
comprises an array of microlenses integrally formed with said array of microprisms

20  wherein the output of each microprism is directed to at least one corresponding
microlens. |

7. The illumination assembly of claim 5 wherein said first tilt angle is between
15 to 50 degrees to the normal of the surface of said light transmitting means.

25
8. The illumination assembly of claim 5 wherein second tilt angle is between 0
to 25 degrees to the normal of the surface of said light transmitting means.

9. The illumination assembly of claim 5 wherein said light transmitting means

30 further comprises a second light accepting surface in close proximity to a second
diffuse light source, wherein said light transmitting means transports light
emanating from said second diffuse light source.

S L



surface and intersecting said light transmtting nmeans wherein each of said -
si dewal | wofessreyza second tilt angle to the normal of thepeTruSssmazssf said
light transmtting nmeans; wherein, said l'ight reflecting through said |ight
transnmtting neans enters 15 said mcroprisns through said |ight input )
"~ surfaces, is redirected by said sidewal | s-alti~energes through said |ight

out put surfaces-as--a spatially directed |ight source. 6. The

illum nation assenbly of claim5 wherein said reflecting neans further

conprises an arrgy ofmif gﬁgﬁﬁﬁa‘i’%?@é@# wﬁigfeﬁ%Qid"&ﬁﬁhégﬂf&e?{@gm{ep f

m croprisnms 20 ~Wwherern mcroprismis direc ‘0 at
| east one corr edPsHEinpYt SWlasel ens. 7. The illum nation assenbly of
claim5 wherein said first tilt angle is between 15 to 50 degrees to the
normal of the surface of said light transmtting neans. 25 8. The

illumnation assenbly of claim5 wherein second ti‘t angle is between 0 to

- 25 degrees to the nornmal of the surface of said |ight transmtting neans.

9. = The illum nation assenbly of claim5 wherein said |ight transmtting
means 30 further conprises a second |ight accepting surface in close _
proximty to a second diffuse |ight source, wherein said light transmtting
means transports |ight emanating from said second diffuse |ight source.

- 14 - 10. ‘The illum nation assenbly of claim5 wherein said out put
surface is parallel to said input surface:

| R R AN _'



