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through absorption or radi ation in undesired directions could be captured
and utilized, the usable output of the light source could be increased. An
illum nation systemt hat coul d_acconplish this would be highly desirable.
Thi s i nvent i ofBagkeroundef thelnveation ot her goals by redirecting and 10 .
recycling light that ot herw se woul d be lost. Brief Description of Draw ngs
The invention wil | Guerently avajlabile ifluminatios systemsdforidirest lipgingzad athesges wi | |
becone apparent - when reference is nmade to the follow ng detailed -

descriptiog ofappifcatibmsssufferfesth loaBesatne td b&ogﬂmmaa radintdndrf dighti andediredi ch:
Figure 1 is a conceptual schematic block diagramof illum nation system

Figure 2 is a GelRHR! hehgh Saya96k iRBakn AsaptisibPiadiien iRt of the

directions could be captured and utilized, the usable output of the light source
~ could be increased. An illumination system that could accomplish this would be
highly desirable. This invention achieves this and other goals by redirecting and

_ 10 recycling light that otherwise wbuld be lost.

.Brie Description of ings
The invention will be more fully understood and further advantages will
become apparent when referent:e is n_t_ade to the following detailed description of
15 the invention and the accompanying dra»iringa in which:
Figure 1isa conceptttal schematic bloctc diagt'am of illumination system,
Figure 2 is. a schematic cross-sectional diagram of one embodiment of the
illumination system;
Figures 3-5 are sctxematic cross¥sectit)nal t_tiagrams of alternatiye reflectors
20 | for a light source;
Figure 6 is a cross-sectional diagram of a microprism of the fight-directing
- assembly of Figure 2;
Figures 7-12 are perapecﬁve views of alternative microprism structures; |

Figure 13 is a perspective view of an array'of rectilinear microprisms;
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i1 um nati-or%ytzﬁé@ﬂ) Fi gures 3- 5 are.schematic cross- sectlonal d| a’%;‘azrrs of
r

alternative

cross-secti onal

_ s 20 for-a light source; Figure 6 is
di agram of a m-croprismof the Iight-directlng assenbl y of

Figure 2; Figures 7-Figurand ipeschematid srossvicetionabdiaglahrosfantembodifeat 6fthe SM -

structures;
m cropri sns;

Fi gure 13 is a perspective view of an array of rectilinear .

1 vaeResbpled fiumitatidn SystdatwitRdut lenst¥ 97/ 36131

PCT/ US97/ 04621 Figure 14 is a schematic cross-secti onal di agram of .an
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15 is a schematic cro

5 .

10

15

20

sectll ona agram

and lenses offset wnh respect to. the. geometric centers of the microprisms;
| Figures 16-23 are schemétip crd_ss-sectional diagrams of light-directing |
assetnblies with various alterhative reﬂecfive'elements;

Figqre 24 is a top view of a mask used in the illumination system of
Figure 18;

Figures 25-28 aré perspéctive views of alternative illumination systems;

F igurés 29-32 are schématic cross-sectional diagrams of additional
alternative illumination systems;

Fxgure 33isa schemat:c cross-sectlonal dlagram of an illumination system;
and

Figures 34 and 35 .are. examples of a commercial troffer and a downlight

incorporating the illumination systems described here.

Description of the Invention

The present invention i# directed to an illumination system comprising
(a) a light source and (b)_ a ﬁght-dirEcting assetﬁbly in close proximity to the light
source and comprising (i)_ai least'ohe microprism, wherein the microprism |
comprises an input surface that admits light radiating from the light source, an '
outpui sufface distal ﬁoﬁ and j)érallel fo the input surface, and at jeast one.

sidewall disposed between and contiguous with the input and output surfaces and

forming an obtuse tilt angle with respect to the input surface and further positioned
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and | enses offset with respect to the geonetric centers of the mcroprisns,
5 M@ emIs33116- 23 are schematic cross-sectional di agreGmUSHI04621
|l ight-directi ng assenblies with various alternative reflective el enents;

180 i gur es 290nAbeH eﬁéﬁ&@f@éﬁ?@?&ﬂ%%ﬁ?if?’ TR BRkFRes A O

systens; 10 . ures 29-3 re schematic cr ect onaL di agranms of
addi ti onal al t"éh%&‘?“@é’ qoiqnarﬁ!%a% %%ilméh“spasm&ﬂfg éﬁf éff’é?fﬁﬁ
cross-sectional diagramof an illunm nation system and Figures 34 and 35

are exanpl es of a cbronseptual repressntasionf theanvrstan ispmillursinationowrisoy Winng t he
i1lum nation systens described here. Description of the Invention The
present i nventth@schemarik block didgram afFiguré UniThe illuminaion tspstem A0y divided) (a) a
i ght source and (b) a light-directing assenbly in close proximty to the

lml g ng r2 ? . mSS OUhfoRwa kb aeERblics: BY ilﬁhﬁnaﬁbn la@mbly0RGndiaGighR Birscting WkeMmSIyN t he
| 14. The an-bw 20 indicates the intg_nded direction of .travel of the light waves from
the illumination source 12, through the light-directing assembly 14, and to the
intended object (not shown). It should be appreciated that this drawing is merely a
schematic representation of the structure and is not intended to convey actual or
10  relative dimensions of the system's components or their physical arrangement.
A specific embodiment 100 of the illumination system is shown in Figure 2
Tﬁe system 100 has an illumination assembly 110 and a light-directing
assembly 120 of at least one microprism 122 optionally carried on one side of a
base wall 124. The light-directing ﬁssembly 120 may optipnally have a lens or lens
15  array 140 of individual lenses 142 on the other side of the base wall 124 to control
| the angular distribution of the light outi:ut of the illuminati@ system 100.
The Ilumination Assembly |
| The illumination assernbiy 110 has a light source 112, for which one may
selebt an incahdescent lamp, a light emitting diode (LED), a metal or halogen high
20  intensity discharge (HID) lamp, a ﬂuofescent .Iar.np, or some other source suitable
.to the application. |
- In a preferred embodiment, the illumination assembly 1 10 has a reflector
150 positioned behind ahd/of around the light source 112, that is, jn the direction

away from the light-directing assembly 120. The reflector 150 redirects light rays

SUBSTITUTE SHEET (RULE 26)



conprises. an,} surface that admts light radiating fromthe |iqght

source, an o%u#gﬁ?&gﬁrface.di stal fromand parallel to the irﬁﬁ'ﬁ’”s:?ﬁ e,
and at | east one sidewall disposed between and contiguous with the input
and out put sur frregugatinglawy o theclighttirecing asseinbB MP0Davk fowvar@RECt to the
i nput surface and further positioned 2 SUBSTI TUTE SHEET ( RULE 26) WO

97/ 36131 icroprisms 122. The reflector 150 may be fabricated from a di . /04621
for effecting tng{néolpnr eflection of the |i d’hte Flay'csa er ecoer?eggﬁg€g?énié&§% put

surface, and (i § el PEan bl.ockj,ng t he passage of
l'i ght through tshécuz%rd'léa\%a&ﬁ S&ﬁe‘é%@%’g@ ﬁ%[’m eo?re‘g@%et %ﬁ“ﬁb#hﬁglf Wesoﬁ'ﬁvent ionis
~an illumnation system 10 in the sghemgti c bl ock _di agram of Figure 1. The

i |l umination sfé’?ﬁ“rﬂ'?ﬁs?g’eﬁ‘iﬂﬂ akgr ma%p(;etjnmgles Jg? Materighselested Tanthe
illum nation assenbly 12 and a light-directi nfg assenbly 14. The arrow 20
i ndi cates tRe ireflestershould havs 4 refleasivity imw singe of abiost 73°6+A0%uane preferably

greater than 90%. The reflectivity may be meaéured with several commercially
available instruments such as the Macbeth #7100 Spectrophotometer, New
Windsor, N.Y,. ora Perkip Elmer #330 Spectrophotometer, Danbury, CT.
'fhé locat.ion of the feﬂ_ector thh respect to the light source and the
10 - light-directing assembly, and the distances therebetween, should be selected to
maximize the light directed to the light-directing assembly. As will readily occur to
* one skilled in the art, the locations and distances can be determined from the
relative sizes of the light source and thg reflector, and the design of the reflector.
- Depending on the physical dimensions of the light source, the distance between tﬁe
| 15  light source and the reflector is typically one-to-two times the diameter of the light
source. Tﬁe distance between the ﬁght soin'ce énd the light-directing assembly is
also typically one-to-two times the diameter of the light source. For examﬁlé, if
the a T-5 fluorescent lamp is employed as the light source, with a diameter of 5/8",
the distance between the lamp and the reflector, as well as the distance between the
20 lamp and the light-directing assembly, typically will range from 0.625” to 1.375".
~ Although the r_eﬂectdr 150 qf Figure 2 has a parabolic shape, ofher shapes
and conﬁgurations may be utilized, as will reédily occur to one skilled in the art. _
For example, as illustrated in f‘igure 3, the féﬂector 230 is rectilinear in shape and |

has two sidewalls 232 and a base 234, To accommodate the geometry and



the illum nation source 12, through the light-directing assenbly 14, and to
the i ntendeg ofasenat (not shown). It shoul d be appreciated teeatusstossztr awi ng
is merely a schematic representation of the structure and is not intended
to convey actuyal qr 10 relative dinensions of t syst e conponent s or

t hei r physi caﬁ‘%ﬁ"ﬁ“%ﬁ?ﬁﬁéﬁf’h Allgwmeéﬁaﬂ@&&?ﬂﬁﬂ?&f@éeﬂ?ﬂtﬁ@ W uni nati on
systemis shown in Figure 2. The system 100 has aan illumination assenbly
110 and a |i grespest tetheibase 234samtheadiusteddp dgfing aeght, aoute. AT ebtugrranglp 122
optionally carried on one side of a base wall 124. The |ight-directing
assenbly 120 Oeher o¢flecronshdpgs may elsabé emploged, Isachsasbcusprshapyd tefleclof 240di vi dual
| enses 142 on the other side of the base wall 124 to control the angul ar

di stribution gf atdetel of Mgnfertedubficior230 ab showi MFigees Sufl 5 Feshedivelihe

[I'lum nation Assenbly The illum nation assenbly 110 has a |ight source 112,

f.or whi ch gne \nRy: e ' I | FEN id{.ode
(LEDy & ot af-CtioRfh? hiredof {EREaRTHoe i Hterl thelshedt 150/ Pt
fluorescent |a or._sp ot her source suitable to the application. In a
preferred emgﬁﬁmﬁc@?‘ﬁ@%%ﬂtﬂ%@% assenbly 110 has a reflector

Instead of an artificial light source of the kind noted above, natural (e.g.,

dire.ct sunlight) or ambient light could be utilized. In that case, the illumination

assembly 110 would not have a reflector.

10  The Light-Directing Assembly

The microprisms 122 shown in Figuré 2 are polyhedra having four angled
sides. The structure of these pé.fﬁcular micrc.)prisms are discussed. in detail in U.S.
Patent No. 5,396,350, issued March 7, 1995, to Beeson et al., for a Backlighting |
Apparatus Employing an Array of Microprisms, incorporated herein by reference.

15  As sﬁown in Figures 6 and 7, each microprism 122 has an input surface 132,
output surface 134, and opposing sidewalls 136 each contiguous with the input and
outpuf _s-ﬁrfaces 132 and 134; the junction of th§ sideWails 136 and the input
surface 132 define an obtuse tilt angle o. Figui_'e 13 shows an array 200 (;f
rectilinear ﬁﬁcroprisms 210 supported on a base wall 220.

20 Instead of the geometric shape of the nﬁaopﬁsm 122 of Figure 6, other
shapes may be exhployed.- Figures 8-12 illustrate alternative micropr.isn.;s:' conical
(Figure 8), polyhedronﬂ (Figuré 9), polyhedronal 6urviliﬁear (Figures 10 and 11),
and curvilinear (Figure 12) microprisms. . The foregoing list is illustrative only;

- other geometrical shapes could be used, as will readily occur to one skilled in the

5
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150 posi ti oned behind and/ or around the'1ight'source 112, that is, in the

direction a¥B%¥LHh the |ight-directing assembly 120. The r ECTEHSPHP6ILQ
redirects light rays 3 SUBSTI TUTE SHEET (RULE 26) . WD 97/36131

PCT/ US97/ 04621 aftr Fnaber theGrevsayctionsof the mitrophiémsil 22awuld i apameficn 120 back
towards the mcroprisnms 122. The reflector 150 may be fabricated froma

diffuse or a hkg?l ye"’ﬁﬁ’gﬁw ar materi al such as polished al umi numor white
pai nt, although Th so aBpI ications a specular material may be preferable.

e et er 2 =1t Sk e DSR2 I OB SRl D ©
Vatbet h #7100 S MUBBABRONG EBFTDNADPRELSFal. thaarea of e Rk Recheeiingr 4330
Spect rophot onet er, Danbury, CIT. o _ '
5  the height of the sidewall surfaces 136, and the tilt angle o of the sidewal]s 136
‘may be adjusted with fesbect to each other to alter the passage of light through the
microprisms 122. A mei_aver oﬁtput angular distribution can be achieved by
~ reducing the surface area of the input surface 132, while incre@sing the height of
the sidewalls 136 and minimizing the obtuse tilt angles . Alternatively, the output
10  angular disfribution cén b_e incréaSéd by incfeasing the surface area of the input
surface 132, along ﬁth reducing thé height .of the sidewall 136 and increasing the
size of the obtuse tilt angles a..
Where a base wall 124 is employed, additional contfol of the angular
dispersion of the output of the illhﬁﬁnation system 100 can be achieved by varying
15  the thickness of the wall 124. For a given positive radius of curvature of the
lens 142, an increase in the thickness of the base wall 124, increasing the separation
between the microprismﬁ i22 and the lens array 140, will result in an increase in
the angular distribution of the output of the illumination system 100.
Although the lenses 142 depicted in F igu:fe 2 are convex, they also could be
20  spherically concave, aspheric, cylindﬁcal]y concave, cylindrically convex, or of
some other suitable shape as dictated by the particular application and as will |

readily occur to one skilled in the art. 'Also, the lenses 142 could be located

- directly on the output surfaces 134 in the event there is no base wall 124, Further,
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The |l ocation of the reflector with respect to the |light source and the 10
l'i ght -di reglgdigedisenbl y, and the di stances therebetween, searisdrhm21 :
selected to maximze the light directed to the light-directing assenbly. As
will readily occur to one skilled in the art, the |ocatjons and distances
can be det er rihadenses conld beceither diffragtive oriefaggive; orea ¢qmpinatiop of bathand t he
reflector, and the design of the reflector. Depending on the physical

di nensi ons of diffreetilvée gt refractiveelentents. di st ance between the 15 |ight source
and the reflector is typically one-to-two. tinmes the dianeter of the |ight
source. The di st anigh&ifd beanderitcod thghthe Slumiinationragsenibly 110gdad-the r ect i ng
assenbly is also typically one-to-two tines.the dianeter of the |ight

source. For s : 1 he |i ght
; rectirl asog?ﬂaé)/algsz-f{ of the bRKESBRE ithRation ﬁgﬁﬁb@%ﬁﬂ bk g

source, with a di ameter the di stance between anp and the

Taht car e P il el 3 B85 Ok SE Rl Flyrt B BBy R ngs or

Al t hough the refl ect 150 of _Figyre 2 has a parapolic shape, other shapes
“and co%figurathedﬁ’ée%rﬁ‘{?lsi"m¥ : ,snzﬁmmaweaegaamcf%w@%%?%e skilled in
the art. For exanple, as illustrated in Figure 3, the reflector 230 is
rectilinear i mdmrgpbnmnﬁa\s 1230lfsiesicetathedemsep 142 rould baaffsepaueclipied
accomopdat e the geonetry and ' ' _

- with respect to the geometric centers 126 of the microprisms 122, as shown in

Figure 15. Finally, the cross-sectional size of the lenses 142 could vary with
10 - respect to the cross-section of the microprisms 122.

The distance between the geometric centers 126 of the individual |
ﬁﬁcrqpﬁsms i22 and the geometrii: centers of the lenses 142 varies ﬁqm zero to
oﬁe;half of the width of the output surfaces 134 of the microprisms 122. The
lenses 142 may be pbsitioned adjacént to the output surfaces 134 of the |

15 micrbprisms 122 orata disfance of up to oqe-ha!f the distance between the input
and output surfaces 132 and 134 of the microprims 122.

The nﬁcroprisrhs 122 and associated structure (inclﬁding the optional léns
array) may be fabricat_ed according to the methods and using the materials |
disclosed in U.S. Patent No. 5,39.6,350 previously-mentioned, U.S. Patent

20 No. 5,248,468, issued June 27, 1995, to Zimmerman et al, for an Humination
‘System Employing an Array of Micrbﬁrisms, and U.S. Patent No. 5,481,385, |
- issued January 2, 1996, to Zunmerman et al., for a Direct View bisplay with Array
of Tapered Waveguide, all of which are incorporated herein by reference. As

disclosed in the referenced patents, the'nxiéroprisms and lens arrays may be made
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PCT/ US97/ 0462’9%%I’.SI on pattern of the |ight source 112, tBETAISHT62 t he
sidewalI's 232 with respect to the base 234 may be adj usted to define a

right, acute, or @ﬁpg{aeo ieldd R&S, £Lmpl oyed, |
such as a cusp-s aped refle to“g%é}gﬂs ?%ﬂyg or seg nt 03}%} ?‘féctor 250

h Fi 4 and dd | d of
cont i nuous pi co @ RGN P Folefia %@%ﬂvﬁsﬁwefﬁbé&%ﬁt%%@eﬁm ST T o

or nore sections. |nstead of ogn art|f|C| al light source of the kind noted
above, nat ural (1‘@0 §-462100P¢toberi I 4R93, to Beesonebak. for aProcess fordMplingen | i zed.
In that case, the i I | um nation assenbly 110 woul d not have a refléctor. 10

The Li ght - Di r ectAmay ofEaperet! Photopolyimerizgs Waveguides, lml?maﬂed heietpbye 2 are
pol yhedra havi ng four angl ed
5 reference. The heat generated by the light source should be considered when
choosing a material of construction for these structures. If deéiréd, the lens |
essembly could be provided as a separate sheet laminated to the base Wl of the
light-directing assembiy_ or fabricated with the light-directing assembly as a unitary
structure using %njectibn .ﬁmlding or other techniﬁues that will readily occur to

10  those skilled in the art. |
The Regions Adjacent the Sidewalls

The sidewalls 136 of the microprisms 122 of the light;directing assembly
120 define regioné 128 adjacent the sidewalls 136; in a light-directing assembly 120
with multiple microprisms 122, these regions may be referred to as "interstitial”

15  regions. These regions 128 are provided with a reflective element which, in the
configuration of Figure 2, is a highlj-reﬂective solid filler 160. The solid filler 160
may reflect or merely block the passage of light. The solid filler 160 may be either
specular or diffuse and may inclﬁde materials such as BaSO4, TiO,, or MgO, which
are highly reflective to visible light due to their microstructure. These materials

.20 may be etilized in carﬁer§ such as dry powder, paint, or putty. Altemnatively,
materials stable to the environmental conditions posed by the lighting ﬁhure, such
as Spectralon™ (Lab'ls;.)here, Inc.), or Teﬁon@ (du Pont) may be fitted into this
region to provide high reflection for visible light. Although the solid filler 160 is

preferably highly reflective, i.e., greater than ninety percent (90%) reflectivity,
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sides. The structure of these particular mcroprisns are discussed in
det ail in QE§ o7ieasient No. 5,396,350, issued March 7, 1995, gdexrnbienne et

; for ackl i ghting Apparatus Enploying an Array of M croprismns,
|ncorporated herein by reference. 15 As shown in Figures 6 and_ 7, each
M cropri'sm 12thenemaybe applications whatses lesshighly reflestive matenal or 3a abseiptivepposi ng
sidewal I s 136 each contiguous with the input and output surfaces 132 and
134; the | uncmiaeriabivotild®edesimblel IThe kaffectivity ¢dndbeimgasired us preeioudl@? def i ne an
obtuse tilt angle [err]. Figure 13 shows an array 200 of rectilinear
mcroprisms 2}fswaoorted on a base wall 220. 20 | nstead of -the
geonetric shape of the mcroprism 122 of Figure 6, other shapes nay be

enpl oyed. Figures A | re( Figure
-8), pol yhedr onal (Fi gurgiJl 54).‘&4 g{aﬁﬁlehﬁg Eécdvu%}ﬂ%%gg%we?ﬁeﬂgg@lﬁ &nd 11),
and curviline Fi gur rorlsms foregoin Is illustrative
only; othe ggn‘é’f’ﬁ%ﬁﬂ%‘ iﬁéﬁ’ “5'(5‘5 &gga eaf‘scc\aﬂg que%fscﬁ"ﬂ‘ff WE&cur to one
skilled in the 5 SUBSTI TUTE SHEET (RULE 26) '

material. The coating 260 may be silver, alummum gold, white enamel, or other

materials that will readtly occur to one skllled in the art. These materials may be
. deposited by such tec'hniques as chemical vapor deposition..electr.on beam vapor
depbsition, sputtering, and the like. In Figure 17, the reflective element is a
10  reflective lining 270 integrally molded with the sidewalls 136 or applied by
' _: adhesive'or some other known means to the sidéwalls 136. In Figure 18, a
-mask 280 is embloyed as the reflective element and covers the regions 128 between
the xfﬁcroprisms 122. As i_llustratéd in Figure 24, a top view of the mask 280
woul& appear as a lattice with openings 282 thatiadmit the input surfaces 132 of
15 | the microprisms 122. The mask could be made éf solid materials which are either
| specular or diffuse as menﬁoned previously.

The reflective elements of Figixres 16-18 (coating, Iining. and mask) may be
either specular or diffise, ﬁth a reflectivity in the range of about 75%-90%, and
preferably greater than 90%. One example of a suitable specular material is

20  Silverlux™, a product of 3M but others-ma'j} be employed, as will readily occur to
one skilled in the art. The reflectivity can be measured as previously indicated.
| Diﬁ‘efen_t types of réﬂective elements may be used in combination. As
shown in Figure 19, the sidewalls 136 have two reflective elements: a coating 260

and a mask 280. A reflective lining 270 and solid filler 160 are provided in the
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WD 97/ 36131 | a S |
PCT/ US97/ 040%@ 9364131 Furt her, the cross-sections of the nicr RENUSHI0462E
could be asymmetr.ical (e.g., rectangular). The dinmensions of the

M Cropri ste 12ZeBbhe 38 ftic hiseibly Qhbhin Kl 20D Ui bofifigleiifd bAlbaly T eCt ng |

assenbly 120. Specifically, the area of t I nput surta he

hei ght of the sigles : il L& .a of the sjdevall
136 my be. ad) SELErR el REEAR ke iR 20 End b pim Y Pl e dleloS  ©
light through the pi | spE 122 A t put lar distributi

can be achi eved UL RPRMIOUPRLBEemRgEdr the input surface 132,

whil e increasing the height of the sidewalls 136 and minim zing the obtuse
‘tilt angles a. Al terlndiigureRl, the sidewallsJ36 have a coatigs P60 andi assoliid iilles 160. an be
i ncredsed by increasing the surface area of the input surface 132, al ong
with reduci dg trefedtive Ghing 870 nika masle2®0 dre pRAideddn thecegionsi 129 of iR Si ze of the
Obtuse tilt angles [err]. Wiere a base wall 124 is enployed, additional
control of the aasablypshown in Figure 22. Finally, the combination of a solid filler 160anda
mask 280. are plrovided.in the regions 128 in Figure 23. |
The arrangements discussed untii this point have.been linear or planar. The
‘illumination syst;m could also Ee configured as curvilinear or spherical arrays, as-
10  shown in Figures 25 and 26, respectiyely, qnd_other configurations as will readily.
| occur to one skilled in the art In Figure 25, a light source 300 faces a curvilinear
array 310 of microprisms. In Figure 26, a light source 320 is contained within a
- partial spherical array 330 of microprisms. To configure the light-directing
assemblies in this fashion, the tilt angles of the microprism sidewalls with respect to
15  theinput surfaces need to be _adjustéd to provide an angular distribution
appropriate to a spherical radi#tor. In ﬁdditibn. the space between the microprisms |
- may need to Be varied to a;:hieve éroper control of the light. The input and output
surfaces of the microprisms may be flat, curvilinear, or spherical. Also, the light-
~ directing assemblies of Figures 25 aﬁd 26 may be provided with optional basewalls
20  adjacent the output surfaces of the microprisms and éptional leﬁses on the
baseWalls, in the manner taught in Figure 2. ‘Additionally, multiple planar and/or

curvilinear light-directing assemblies 340 and one or more light sources 350 could

be combined to form pblyhedrona] illumination systems as illustrated in Figures 27 |

10
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di spersion of the output of the illumnation system 100 can be. achi eved by
varying 1 Syvoseddeesst hi ckness of the wall 124. For -a given pasitssenssasi us of
curvature of the lens 142, an increase in the thickness of the base wall
124, increasing the separation between the njcroprisns .122 and the |ens
Carray 140, wi PRd 2%tqprovids multi-fisectionaldadiation, L he ipgiyidpal microprisiat eifieor ¢ he
output of the illum nation system 100. Although the |lenses 142 depicted in
Figure 2 are phnamssentiegreallustrateddn Bighee 2¥8. spherical |y concave, aspheric,
cylindrically concave, cylindrically convex, or of sone other suitable
shape as dictated e intensizpof the lighw entepingitliclighodirectohgassenibly 120ceadibey occur
to one skilled in the art. Also, the lenses 142 could be located directly

SRR AR e g o e R Ve Hnd 11
P.CT/ US97/ 0462 Jthe*li’ght--directing assémbly 120, as shown in Figure 29. By reducing the direct '
| transmi.ssion of light from thc light source 112 into the microprisms 122, the output
of the light-directing assembly 120 ig ﬁ:ofe uniform and glare is minimized. The
optical element 400 may be fabricated ﬁ'om a rectangular piece of material (e.g.,
plastic, glass, or some other mateﬁal) haviﬁg planar dimensions approximately the
10  same as the cross-section, at that location, of the light travelling from the light
source 112 to the microprisms 122. The material may be diffuse or partially
- specular. | |
The illumination assembly llO may be further modified as illustrated in
Figure 30 by encapsulating the light source 112 with an optically-transmissive
15 - material 410 having an index of refraction (1) greater than one, instead of simply
leaving the light sourée_l 12 suspended in air. The optically-transmissive material
410 may fill the area surrounding the light soufce liZ and is contiguous v-vith the
input surfaces 132 of the microprisms 122. This iyill avoid Fresnel reflections at
the input surfacés 132 of the microprisms 122 and allow the light source 112 tb
20  more easily fill an array of input surfaces 132 considerably larger than the source
- 112. The optically-transmissive material 410 is joined to the input surfaces by an
adhesivé layer 412. For optimum transfer of liéh_’_c, the indices of refraction are

chosen such that they increase as one progresses outward from the light source

112. Thus, where the values of the indices .of refraction of the optically-

1]
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the lenses coul d be either diffractive or refractive, or a conbination of
both di ffradY@¥EeM refractive el ements. It should be undePSEN704EE the
illumination assenbly 1 1 0 and the light-directing assenbly 120 of the . . -

back- coupl ed i lyfansthidgid MBtefint 1073 Me adhiekide Bgeda12 ()i hdd28E ki 'ttﬁ,%uﬂt%enses,
-the

as shown by the structure in Figure 14. Further, the axes ol ses 142
in Figure 2 ar | N lc centers 126 of the individual

m cropri sns 12W@i@gﬁe%§e¥§%@s&l42 could be offset or eclipsed
with respect to the geonetric centers 126 of the mcroprisns 122, as shown
in Figure 15. Finally, the cross-section&3&3dbof the | enses 142 coul d
vary with 10 respect to the cross-section of the mcroprisns 122. The

di st ance bet weein optisabglement A4 similar io fencliog tathat ofelément 400 indfigurie290pr i sis
122 and the geonetric centers of the |lenses 142 varies fromzero to

one- hal f of 5t heoulddielplaed bh checudhguive layer #32.cTheliddex0df refrsictioh OF e dléhent 122.
The | enses 142 may be positioned adjacent to the output surfaces 134 of the

15  micropri snfg4kReul®be appréxifthaflyPduat 8fn,UP t 0 one-half the distance
between the input and output surfaces 135 and 134 of the microprins 122.

Transmission of light from the source 112 to the input surfaces 132 may
also be enhanced by infroduciﬁg a éurvature in thg microprisms complementing the
radiation pattern of the light source 112. As shown in Figure 31, the input

-~ 10 surfaces 422 of the microprisms 42ﬂ_deﬁne an arc to insure that the angle of
| incidence is less.than the attehuating angle at the milcroprisms 420 furthest from the

lxght source 112. The attenuating angle is defined by the following equations.:

R
P sin*(@i+®)
Rom tan’(®- ")
| " tan’(0+ ')
lS where:

m sin ¢; = ns sin ¢’ and
* Rsisthe reflectivity of Iight polarized.perpendicular to the plane of
incidence; o
Rp is the reflectivity of light polaﬁied parallel to fhe plane of incidence#
20 - @iis the .angle of the light ray incident .on the input su_rface 422;
| ¢’is the angle of the light ray incident transmitted through microprism 420;

and

12
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The microprisnme 122 and associated structure (including the optional |ens
array) nmay we$sbmicat ed according to the nethods and usi ngPCmaisane4sei al s
disclosed in U S Patent No. 5,396,350 previously-nentioned, US. Patent 20

No. 5, 248, 468, issued e 995, .to Zi mrer

i und nat | on_ 5yst enbianBRge Ag0ned et e Torimgh 16 heplpcs o106 o Fucbe AT e o,
5,481, 385, issued January 2, 1996, to Zimmerman et al., for a Direct View
Display with Array of Tapered Wavegui de, all of which are incorporated
herein by reference. As disclosed in the referenced patents, the:

m croprisms and | enk Eigura3a, mytehaedmdepﬁcdsbﬁﬁ'éhﬂm& BitfiodilcedRblrestiidd) VO ..
97/ 36131 PCT/ US97/ 04621

froma wide vafieQhyuls disHbRidnfShe light eatdimpthe qlibll&ﬁfééﬁﬂ@&.@emﬂ? rngbi c,
pol ystyrene, glass, transparent ceram-cs, and a nonomer m Xxture as
described ig _UAﬁhofg?ltlFﬁtshown in the drawing as being located between the illumination
assembly 110 and the light-directing assembly 120, the element 430 could be
positioned within th.e illumination assembly in do#_er proximity to the light source
112. Moreover, a second optical element 440, similar to the optical element 400 of
Figui'e 29, could be f:rovidéd between the light -sour;e 112 and the imtermediate
10  optical element 430 to reduce the light output of the illumination éssembly 110.
The optical elements 430 and 440 may be fabricated from plastic, glass, or some
othér material. | |
The index of refraction of the intermediate optical element 430 (125) can be
chosen to selectively attenuate the higher angle-of-incidence light rays from the
15 light source 112 and decrease the angular distribution into the ﬁght-directing
‘assembly 120. For example, using the equations on the pm@ing page for.
calculating Rs and Rp, the increase in reﬂectmty at an incidence angle ¢; as the
index of refraction s is mcreased Assummg nis equal to 1, then for values of the
index of refraction ns of 1.52, 1.7, and 4.0, the reﬂecthty at an incidence angle of
20  45° will be 17.5%, 24%, and 65%, respectiQely.
Operation of the Il_lurriiggl_ign System |
The operation of the system will be explained with reference to Figure 33.

Absent a special structure, the light source 112 radiates light towards the

light-directing assembly 120 and in other directions as well. Those light rays which
13
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No. 5,462,700, October 31, 1995, to Beeson et al., for a Process for Muking
an Array of W@SHP@AL Phot opol yneri zed Wavegui des, i ncor por at RCTHESHOASZ)y 5
reference. The heat generated by the |ight source should be considered when
choosi ng a mat ey iddiﬁégtl%%‘ﬁ it duftlod P92 JEAIARrOpEMOLEuRd arclcbagliiai i, the

| ens assenbly coul rovided as a separate sheet [am nated t he base

wal | of the light-di,recti ' . rieat. i th the.light-directing
assenbly as a %W%Pﬁ?ﬁ?%@? ﬁé@qgﬂ:a\{n%ﬂl’uﬂkggta#%%” frtg? ﬁ’%"d& ogk’ﬁg&mt‘%chni ques
that will readily occur, to fhose I1led in the art. The Regions :
Adj acent the Si'nEtted thipueht Q@smégk d W&P%Fﬂfﬁ?@mswwzdne
light-directing assenbly 120 define regions 128 adjacent the sidewalls 136;
in a |ight-dirdens Hg andsutiss yepresonted by hghtiray Al e nicroprisns 122, these
regions may be referred to as "interstitial" 15 regi ons. These regions
128 are prow ded w tiftie light leavihg the lighesoande MRiinitially traviel3awag floptheat i on of
Figure 2, is a highly-reflective solid filler 160. The solid filler 160 may
reflect or mer ejgp lalroginglabRaibRS AR vill ehdoribier thEteAcdr 1B0f ThbR! it WiPbemy be

ei ther specular or diffuse and may include materials such as BasQ err], -
Tigerr], or Ngrgﬂe{%}i ﬁﬁk towards the light-directing assembly 120, passing through a

microprism 122 and a lens 1 42, as depii_:ted by light ray B. -
Some of .the light ray’s.may travel from the light source 1 1.2 towards the.
10  light-directing assembly 120 but will enter the regions 128 adjacent the sidewalls
' 136. If such light rays were allowed to continue on that path, they would likely
enfer the microprisms 122 through the sidewalls 136. However, they would not
- properly pasé out of the light-dﬁ'ecting assembly 120 and in fact would distort the
light outpixt distribution. Thus, reﬂectivé elements are provided in the regions 128
15 to biock and redirect such errant light rays. As shown, a light réy leaving the
source 112 reaches the solid filler 160 where it is reflected back to the reflector
- 150. There, the light ray is reflected back towards and through the light-directing
assembly 120, as repfuented by light ray C. If a non-reflective filler were used in
the regions 128 instead of a reflective material, the light ray would simply be
20  absorbed by the filler. Alternatively, the light could be reflected back towards the
light source 112, although this is unde;irable as most such light will be absorbed by
the light soufce 112. Therefofe this mode of reflection should be minimized, for

‘example, by using a smaller light source.

14
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are highly reflective to visible |ight due to their mcrostructure. These

materi al s W oy3emy be utilized in carriers such as dry powderusproessts or
putty. Alternatively, nmaterials stable to the environnental conditions

posed by the lighting fixture, such as,6 Spectral onTM &Labsph_er e, .lnc.), or
Teflon[err] (du PoﬁtsgoﬂéPC yaderstppd that thisgnyentien jsapplifablego3rwige yariqty gh
reflection for visible light. Although the solid filler 160 is preferably
hi ghl y refl ectiéviees suctas,dirgctei&memaﬁmgﬁ\?iﬁeﬂincbddblsrli@bﬂmg fop commerdidl cofficesi ty, 8
SUBSTI TUTE SHEET (RULE 26) WD 97/ 36131 ' '
PCT/ US97/ 0462 fesidentiat, dibdod? cauddupbtiven kndappliavve mpplicationss -Thedinleyitiorefagct i ve
material ~or an absorptive material would be desirable. The reflectivity can

e s RS\ G ol kB, e = Y D et

5  consumer, commercial, and industrial applications,‘and any other device requiring a
source of illumination. Two exatﬁples are the commercial troffer 500 and the
downlight 600 illustrated in Figures 34 and 35, respectively. The troffer 500 has
two light sources 510, such as T-5 or T-8 fluorescent lamps; a reflector 520, and a -
light-directing assembly 530 of microprisms. The downlight 600 similarly has a

10 light source 610 (e.g., a CFL lamp), a reflector 620, and a light-directing asseinbly
630. | - |

While there has beén'descﬁbed what is believed to be the preferred.

embodiment of the invention, th&sé skilled in the art will recognize that other and
further modifications may be made thereto without departing from the spirit of the

15  invention, and it is intended to claim all such embodiments that fall within the true
scoﬁe of the invention. For examplé, it should be underS_tood that other variations
and combinations are possible using the structures disclosed in the referenced

patents.

15
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5 16, the sidewalls 136 of the mcroprisns 122 have a coating 260 of
reflective myg@yshs1 The coating 260 may be silver, alum numpg cﬁ%dbq "‘X‘?ht e
enanmel, or other materials that will readily occur to one skil In

art. These materials may be deposited by such techniques as chem cal vapor’
deposition, electron beam vapor deposition, sputtering, and the like. In

Figure 17, the reflective element is a.10 reflective Iwy
mol ded with the sidewal |'s 136 or applied by adhesive or known
means to the sidewalls 136. In Figure 18, a mask 280 |s w Iml’
reflective el ement and covers the regions 128 between the nrc 2.

As illustrated in Figure 24, a top view of the mask 280 woul d appear as a
lattice with openi What B&himbdis:adnmit the i nput surfaces 132 of 15 the
m croprisns 122. The mask coul d be nade of solid materials which are either

specul ar or diffuge as W“‘dm'pf*hﬁ%f’h‘#gs‘xge reflective el enents of
! : g

Fi gures 16-18 (coating, lining e either specular or
diffuse, with a re@%zsétl vity |n t he range of about 75% 90% and preferabl y
greater tian 90% of a suitable specul'ar material is 20

Sil ver|uxTm a pr oamgh%m@m om0 0562 AR 1 2 TR e Semiihsoly of 1 E2CHal V-
microprism, the microprism com;_:rising an input surface that admits light radiating from the light source,
anomputsurfaoedisuiﬁommdpmnmominpm_mandaxlea;:cnesidewandispondbemun

10  and contiguous with the input and output surfaces and forming an obtuse tilt angle with respect to the
input surface and further positioned for effecting total reflection of the. light rays received by the input
surface; and _ | |

(c) at least one blocking means for blocking the passage of light through the sidewall.
15
2. An illumination system as set forth in claim 1, further comprising a lens assembly
comprising at least one lens, the lens assembly being in close proximity to the output surfaces of the
microprism. | |
20
3. An illumination system, comprising:
(a)a !ight. source; _
25 (b)areﬂectorlocatedinglosepmxinﬁtytoﬂlelightsmuee;

(c) a light-directing assembly in closeprox:mty to the light source and comprising a plurality of
microprisms, each microprism comprising an input surface that admits light radiating from the light
source, an output surface distal from and paraliel to the input surface, and at least one sidewal disposed
30 between and contiguous with the input and output surfaces and forming an obtuse tilt angle with respect to

the.input surface and further positioned for effecting total reflection of the light rays received by the input
surface, the sidewalls of the microprisms defining interstitial regions between the microprisms; and

(d) at least one blocking means positioned to block the passage of light through the sidewails
35 : o

16



one skilled in the art. The reflectivity can be neasured as previously

i ndi cat ed. g d7fsg{sgnt types of reflective elenents may be upennisarioss1

conbi nation. As shown in Figure 19, the sidewalls 136 have two reflective -
el ements: a coating 260 and a mask 280. A reflective lining 270 and solid
filler 160 are provided in the 9 SUBSTI TUTE SHEET ( RULE 25) WO 97/ 36131
PCT/ US97/ 04621 regions 128 of the assenbly shown in Figure 20. In this
configuration, one could select. a specular material f ZIMHMIMMHIIMI and
a diffuse material for the filler 160, although other be
enpl oyed. In Figure 21, the sidewalls 136 have a coatiny Z60'an8 a’solid
filler 160. A5 reflective Linin 70 .an sk 0.are provided.in the
regi ons 128 of 'f'he'_ aé%@??ﬁ'l"@""%ﬁgme%”l%ﬁ& |g"l‘1§i§ ZW.l'“n‘éﬁBIf%}?&'{eﬂglgéﬁ%L?ynatioh of

a solid fi Merr col:%gsegggas?wall having two surfaces, and the output surfaces of the microprisms adjoin one

surface of the base wall.

s. An illumination system as set forth in claim 4, further comprising a lens assembly
* comprising at least one lens, the iens asscmbl& being in close proximity to the output surfaces of the
mkropdsﬁ.
10
6. An illumination system as set forth iﬁ claim 4, wherein the reflector is oriented to direct
reflected light towards the input surfaces of the microprisms.
15 7. An illumination system as set fonh in claim 4, wherein the blocking means is selected
from the group comprising a reflective coating on the sidewalls of the microprisms, a reflective lining on
the sidewalls of the microprisms, a solid filler material in the interstitial re.gions. 5 Mme mask

20 adjacent the input surfaces of the microprisms, and combinations thereof.

8 Anillumination system as set forth in claim 4, wherein the illumination assembly
further comprises optical means, located between the light source and the light-directing assembly, for

25 reducing the transmission of light from the light source to the light-directing aésembly.

9. An illumination system as set fqnh_ in claim 4, wherein the illunﬁnation assembly
further comprises intermediate optical means, located between the light source and the light-directing

30 assembly, for restricting the angular distribution of the light transmitted to the ugh:édirecﬁng assembly.

10. An illumination system as set forth in.clnim 4, wherein the input surfaces of the

microprisms define an arc complementary with respect to the angular distribution of the radiation of light
35 - L

from the light source.
17
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mask 280 are provided.in the[régions 128 in Figure 23. The ar
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be conbined to form pol yhedronal illum nation systens as illustrated in
Fi gures 274%§f§§ﬁ§IITUTE SHEET ( RULE 26) WD 97/ 36131 PCT/US97/04621

PCT/ US97/ 0

i ndi vi dual m cropri
27a. The intensity
can be controlled b
source 112 and 5 .

By reducing the di|
the mcroprisns 12}
uni formand gl are

froma rectangul ar

material) having p

232

28 to provide nmulti-diyrectional radiation. The

sns of one pl anar asséﬁﬁfy arﬁ illustrated in Figure

of the light entering the Jig %-directing assenbly 120

y introducing an optical Al ement 400 between the |ight

the light-directing assgnbly 120, as shogyn in Figure 29.

ect transm ssion oght fromthe |ight Eource 112 into
Y ()

, the output of th pht -di recting asseffbly 120 is nore
s mnimzed. The O] Zal el ement 400 may jbe fabri cated
pi ece of material (e.g., plastic, glass, jor sone ot her

anar di mensi ons approxi mately the ' ‘\\\\\\

232

230 - _ | 234
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10 sane agm%sgldss-secti on, ‘at that location, ofthe |ighicy sgy,ngH ng
. may be

fromthe |i olirce 112 to the microprisnms 122. The materi al

diffuse or partially specular. The iIIunEﬂggion assenbly 110 nay be further
nodified as illustrated in Figure 30 by encafsulating the I'ight source 112
with an optically-transm ssive .15 mat er i B84 410 havi ng an i ndex of
refraction (no) greater than one, insj€ad of sinply leaving the Iight
source 112 suspended in air. The op¥fcally-transm ssive material 410 may
fill the area surroundi d is contiguous with the
i nput surfaces 132 of the mcroprisns 122. This Wil avoid Fresnel
reflections at the input \surfaces 132 of the mcfoprisns 122 and all ow the
|l i ght source 112 to 20 re easily fill an arrfay of input surfaces 132
"considerably | arger than yhe source 112. The op ically-}ggnsnissive .
material 410 is joined to\the input surfaces byfa esTve layer 412. For
optimum transfer of light,\the indices of refrgCtion are chosen such that
t hey i ncrease as one progrésses outward fromthe |ight source 112. Thus,
where the val ues of the indi éi refraction pf the optically- 11 '
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SUBSTI TUTE SHEET (RULE 26) WD 97/ 36131

PCT/ US97/ 048@%78613ns i ssive material 410 (n[err]), the adhemtweosi7adens 412
(n2), and the light directing assenbly 120 (n[err]) are chosen such that:
nferr] [err]n[err] [err]n[err} An opti cah/ﬂ enent 414 simlar in function
to that of elenent 400 in Figure 29 Qul d be placed on the adhesive
-l ayer 412. The index of refragefOn of the el'esgnt 414 shoul d be

approxi mately equal to n2. ansm ssion of light\fromthe source 112 to the
i nput surfaces 132 may al so\be enhanced by introglucing a curvature in the
m croprisnms conpl enenting thesgadi ati on patterg/Pf the |ight source 1 12.
As shown in Figure 31, the iRjpul ™8 H=trCes 422 of the mcroprisnms 420
define an arc to insure that {fhe angle of incidgnce is |less than the
attenuating angle at the micryprisns 420 furthgst fromthe

 SUBSTITUTE SHEET (RULE 26)



|l ight source 112. The attenuating angle is defined by .the fq&#ag%ﬁ -
equations: [WPPJRE3L where: nl[err] sin [err] =n[err] sin [err err]

is the reflectivity of |ight polarized_pq?ggndicular to the plane of
incidence; Rerr] is the reflectiy of. T'i"ght pol arized parallel to . the

pl ane of incidence; 20 angle of the light ray incident
on the input surface 422; the light ray incident
transmtted through nmc UTE SHEET (RULE 26) WO
97/ 36131 ' ' ' PCT/ US97/ 04621

FIG. 12
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[err]i and [err] ' are defined fromthe normal to the plane of the input
surface 42%q0bihedgure 32, an internedi ate optical el ement pEHussnds2

i ntroduced to restrict the angular distributioon of the light entering the .
light-directing assenbly 120. 5  A/ftkough it is shown in the drawi ng as
being | ocated between the illum nati assenbly 110 and the light-directing
assenbly 120, the el enent. 430 cou POSW] i oned within the illum nation
assenbly in closer proximty to 112. Moreover, a second
optical elenment 440, sinilar 400 of Figure 29, could
be provided between the lig Redi ate 10 opti cal

WO RS
L sydes e asy

The optical elenents 43(Q ey lw g Sari ey A
NS N .

gl ass, or

sonme ot her nma q . opti cal
el enent 430 (%?:a r] I gher
angl e- of -i nci dence decr ease
t he angul ar distri . For

exanpl e, using the cUKRENIIES | ati ng Rs and

Rp, the increase in ref rli as the

FIG. 14

2,

- | . ) |
A T }12"

FIG. 15
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i ndex of refractlon n[err] is increased. Assum ng nferr] is :
then for vaMR¥76831t he i ndex of refraction n[err] of 1.52, f%?%gﬁmﬁ’lo
the reflectivity at an incidence angle of 20 45[err] w Il be 17.5% 24%
and 65% - respectively. Operation of the Illumnation System The operation
of the systemw ||l be explained with reference to Figure 33. Absent a
special structure, the light source 112 r#dBRates |ight towards the
light-directing assenbly 120 an®g n other directions as well. Those |ight
rays which 13 SUBSTI TUTE SHEET §RULE 26) WO 97/ Bpa31

PCT/ US97/ 04621 travel directly to an |nput surfacg 132 of a mcroprism 122
and are reflected as dicta f cal culating Rs and Rp

t he remai nder of the |ightl at he m croprism 122 and
ultimately pass through an & '

280
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|l ens 142 and out, as represented by light ray A 5 If the |ight

| eavi ng the‘{ ,,gjgi source 112 -initially travels away from t IRETNUSI7/04621

| i ght-directing assenbly 120, it will encounter the reflector 150. There,

it wll be reflected back towards the light-directing assenbly 120, passing
t hrough a microprism 122 and a | ens 142 ﬁ? depicted by light ray B. Sone
of the light rays may travel fromthe H%ﬁ source 112 towards the 10

120 but. will enter t he regions 128 adjacent the

light-directing assenbl
sidewal | s 136. |f such Ligh = allouedJo continue on that path,
/ si dewal I s 136.

they would likely enter \g :

However, they woul d not p ¢ e light-directing assenbly-

120 and in fact would distort the Ilght output Wi stribution. Thus,

~reflective elenents are prOV|ded A@ g regi ons 15 to block and
redirect such errant |ight rays. &n alig ay | eaving the source

112 reaches the solid filler 160 where it is reflected back to the
reflector 150. There, the light ray is reflected back towards and through
the Iight-directing assembly 120, as represented by fight ray C. If a
non-reflective filler were used in the regions 128 instead of a reflectlve
material, the light ray would S|nply be

210

260

DRI 2 o

210

\ 280

FIG. 22
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20 absorbed by the filler. Aternatively, the |light coul Lect ed
back t owar J¥OP#a6181 ght source 112, although this is undesi (rj% e§9§fso4o%gst :
such light will be absorbed by the |ight source 112. Therefore this node of
reflection should be mnimzed, for exanple, by using a smaller light
source. 14 SUBSTI TUTE SHEET (RULE 26) 9M® 97/ 36131 . '
PCT/ US97/ 04621 1t should be understd6@ that this invention is applicable to
a wide variety of devices such as /di rect illum nation devices including

i ghting for commerci al{~OITICE, A s dent ar~—put door, autonotive, and

appl i ance applications. A nvight iIpn Aeyfal §o be applied to displays for
cgﬂputer, agltoom)tive,' i W"w’i%w;m;w consgﬁer, commrc!oal?/ and -

i ndustrial applications, and any other &evice requiring a source of:
illumnation. Two exanples are the conmer ‘?do troffer 500 and the

FI6. 23
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DDO0000o0
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fnoooooa
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FI6. 25
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downlight 600 illustrated in Fi gures 34 and 35, respectively. The troffer
500 has twowWdggm6gources 510, such as T-5 or T-8 fl uor esceprhghiusf
-reflector 520, and a light-directing assenbly 530 of microprisns. 11
downlight 600 simlarly has a 10 |ight source 610 (e.g., a CFL lamp), a
reflector 620, and a light-directing assembly 630. Wile there has been
descri bed what is believed to be the preferred enbodi nent of the invention,
those skilled in the art will recogefize that other and further
modi fi cati ons may be made thereto wi thout departing fromthe spirit of the
15 invention, and it is intended to claimall such enbodinments that fall
wiithin the true scope of the invention. For Ie, it should be
understood that other variations, angs 2 are. possi bl e using the

s -1 5 SUBSTI TUTE SHEET (RULE
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WO 97/ 36131yq g9 o PCT/USI 704621
PCT/U897/04g§i ﬁﬁ is clained is: An |Ilun1nat|on systen1 conpri si ng:

(a)a light-source; and (b) a light- dlrect 2 assenbly in close proxinmty to
- the Iight'source and conprising at .| east § croprism the mcroprism
conprising an input surface that admts |izq radlatlng fromthe |ight
source. an output surface . distal fromand/parallel to the input surface,
‘and at | east one sidewall dISpOS‘l e and contiguous with the
etilt angle with respect to
af fecting total reflection of

i nput and out put
the input surface and

the light rays received‘b»'the i npuf - i 2; and (c) at | east one bl ocking-
‘means for bl ocking the pa A \ the sidewal|. 15 2. An
iIlum nation systemas se - . i fuXther conprising a |l ens

assenbly conpri 3% —1¢ assenbly being in close
proximty to th t put e, i R 340
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20 3. An illum nation system conprising: (a)a light source; 2 5

(b) a refl ewboviséecated in close proxinmty to the light sousepusdmsca
light-directing assenbly in close proximty to the light source and
conprising a plurality of mcroprisnms, each mcroprismconprising an input
surface that admts light radiating fromthe |ight source, an output
surface distal fromand parallel to the jjjpyt surface, and atleast one

si dewal | di sposed 30 been and contiguous with the input and out put
surfaces and formng an obtuse tilt angle with respect to the ihput surface
and further positioned for effecting total reflection of the light rays
received by the input surface, the sidewalls of the mcroprins defining
interstitial regions between the microprisns; and (d) at |east one bl ocking -
means positioned to bl ock the passage of light through the sidewalls 35 16
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WO 97/ 36131 ' B _ _ '

PCT/ US97/ 0462%a#97/36131 An il lum nati on systemas set forth in cpéermiséredsat
wherein the light-directing assenbly further conprises a base wall having
two surfaces, and the output surfaces of -.the microprisns adjoin one surface
of the base wall. 5. . An illumnation systemas set forth in claim4,
further conprising a |l ens assenbly conprisinq3ﬂL4least one l'ens, the lens
assenbly being in close proximty to the output surfaces of the mcroprism

10 6. “An illum nation systemas set forth in claim4, wherein the
reflector is oriented to direct reflected Iight towards the input surfaces
of .the mcroprisns. 15 7. An illumnation systemas set forth in claim

4, wherein - the blocking nmeans is selected fromthe group conprising a
reflective coating on the sidewalls of the microprisnms, a reflective lining
on the sidewalls of the mcroprisns, a solid filler material in the
interstitial regions, a reflective mask adjacent the input surfaces of the
m croprisns. and conbi nations thereof. 20
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8. - An-illumnation systemas set forth in claim4, wherein the

i1l um nation ‘gﬁéegb Y further conprises optical neans, |ocated between the
| i ght source St | ght-directing assenbly, for 2 5 reduci nPQImS97/04621
transm ssion of light fromthe |ight source to the |ight-directing

assenmbly. 9. An illum nation systemas set forth in claim4, wherein
the illumnation assenbly further corrpl:? §?s I nternmedi ate optical neans, )
| ocat ed between the |light source and t é ight-directing 3 assenbly, for

restricting the angul ar di Strmi on of the light transmtted to the

| fght-directing assenbly 10 nillumnation systemas set forth in
claim4, wherein the input Aurfa 2 wie mcropLli
conpl enentary wth respec . \

ns define an arc
n of the radiation of

60
FIG. 35
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