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:PCT/ US98/ 05635 REAR PROJECTI ON SCREEN | NCCRPCRATI NG DI FFUSER Techni cal
Field 'Iwb gnol ogy involves rear projection screens, anreyisvspdedsi cul ar
rear 5™ %?’8%% tion screens having an array of transparent refractive
el ements in an opaque nmatri x. Background A rear proj ection screen is a

sheet|li ke opt] ' hayi ' A | ayer which
is placed at ﬁhﬁbﬁﬁl tﬁgmﬁ‘@ég 0] ec |on apnga us. Such a
screen nmakes visible a real |nmg¥fedniddbFiéldy proj ection apparatus onto the
| mage surface. The viewing layer is typically planar corresponding to the
I mge surface y n2 t ol are
possible if tﬁ£ﬁ5§§§ﬁﬁﬂ’ fgggﬁ%§Q%ﬂtsﬁﬁgﬁgkt?gﬁégpgg?égtgﬁPs no?aglanar
The screen js_intended to 15 act,as a filt o a ten ate

di f f uSe |nrgiection serren ynprray, pf {rRRSpAFent & % §b¥‘ﬁ§nsmt
fromits rear side to its front side that |ight mhlch |s part of the

proj ect edmatrikge. In this way it enables the viewer to see the projected

i mmge when | ooking at the front side of the screen. A well-known type of
rear projection screen is a thin, light diffusing |ayer 20 such as a
frosted or translucent glass surface, which nay be produced by etching,
sandbl asting, or otherw se rougheg aE&FB uid00t h gl ass surface. The

transl ucent surface Ilntts t he vi si Ity of objects behind the screen. The .

screen nust, h wever sufficient nsm t he
proj ected i mag ‘gntsﬁr(?ﬁ%l-foa ﬂ?‘é@‘ggﬁp&%rﬁvﬁg h??‘é‘é%l {Jgae.r%iy surface,
be vi ewed fromthe front side of the screen. ce the translucent
surf dfe svawinglayerivghieh ismlaced phapimage suefagasn feﬂ“fqmt?ﬁiaPrPlﬁqﬁen gpparatus

Such a screen makes visible a real image focused by projection apparatus onto the

image surface. The viewing layer is typically planar corresponding to the image

surfaces produced by most projection apparatus. Other shapes are possible if the

image surface of the projection apparatus is not planar. The screen is intended to

15  actas # filter to attenuate, block, or diffuse light which is not part of the projected

image, and to transmit from its rear side to its front side that light which is part of

the projected image. In this way it enables the viewer to see the projected image
when looking at the front side of the screen.

A well-known type of rear projection screen is a thin, light diffusing layer

20 such as a frosted or translucent glass surfacé, which may be produced by etching,

sandblasting, or otherwise roughening a smooth glass surface. The translucent

surface limits the visibility of objects behind the screen. The screen must, however,

be sufficiently light transmissive to allow the projected image, which is focused

precisely on the translucent surface, to be viewed from the front side of the screen.

25  Since the translucent surface scatters light, the image is viewable from a range of
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. PCT/ US98/ 05635 vi ew ng angl es. Screens that are nerely tr uf fer,
however W33 t endency to strongly reflect anbient i gh?gf’hgfsz‘{e}%%sson t he

front side, thereby causing fading, or washout, of the projected imge.

This problemis particularly severe if the background or, anbieng |ight is
bright. 5 Viewing’ angles,, Scseans that e TRy WHRSMSERG Sere {BONRFE nFom Hnt
while still maintaining an acceptable |level of projected image light is

di scl osed itendenSy testrengly ssflesBambignt light insidention the gntide; therehiycavsioged
gl ass beads is attached to a transparent substrate by an opaque pol yneric
bi nder. Thefagings6r hasitiutaef theprbjecteddmiage.Cc Thiseprobleinisqrirgchldrdyofdvete ifm t he

rear of the screen and focus it to relatively small spots, near the 10

surfaces of Thenlnrq defit t he areas where the beads contact
the 'Bﬁcx&?ﬁ\g%?r_ ﬂﬂo:éxﬁqgh@fs% ghit,

the front support Because the~transparent beads contact the
transparent front _suppori | ayer. they cl ude ,oost. .of e aque .bi nder
materiaP from th sa]BE'Eo@c%é? &%‘ﬁﬁ‘f‘%‘@%@%‘é ogﬁglhfqﬁxgﬁlgﬂ%\gh&%gtﬂpgﬁgg% t he
substrate. This forms an gptical aperture between_ 15 each bead and the

substrate. aneccgptabledeyel of pacingted smpgolightds disslosed in U.S. Pasent 4263, 23/
preferably black, due to the opaque binder material in the bead _

i nt er st i ceswhésinanrarsayldf claselyipacked glasstbeadscisdttachadrtotateamparentosubsizate
absorbed. Thus the front side of the screen appears bl ack, except for the

light transgy i 8paduerpulpierid BinB&20The FldSs b&ids aBPALNASER b Tollskt ipi6jestetieen are
di scl osed wherei n an additional opaque |ayer may 20 be applied to the

aad 1 onar L A Pl GEAR 0ecnC i B 3 4 il o0 5506, 80020
br of cotiton SEpetsiel Guthears  RORASAe f B (e pras copact B8JBRal |y
when they are used to project high quality inmages that are to be viewed -2-
support layer.
Because the transparent beads contact the transparent front support layer,
they exclude most of the opaque binder material from the space between the beads
and their contaét areas on the substrate. This forms an optical aperture between
15  each bead and the substrate. The area surrounding each optical aperture is opaque,
and preferably black; due to the opaque binder material in the bead interstices. As a
result, ambient light incident in these areas is absorbed. Thus the front side of the
screen appears black, except for the light transnﬁtted through the beads. Further
- improvements to the screen are disclosed wherein an additional opaque layer may
20  be applied to the interstices between the beads on the rear side of the screen, and an
additional transparent layer may be applied to the beads on the rear side of the
screen, thereby altering their opﬁcal performance.

Glass bead rear projection screens suffer, however, from certain limitations,

especially when they are used to project high quality images that are to be viewed
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fromshort distances. Mire particul arly, the appearance of such screens is

<hi ghly S&p%kh%-}é? to the quality and placenent of the gl asspdresss/0s635d.
Beads that "are "of incorrect size, are not spherical, or are broken, nicked,

scratched, or otherw se defective can create a variety of visible defects,

variously cgldne &&%&&&&%&S%«&e przfibidry, tRd hffkaratied (df'sfieh s&B&@‘is%glaanh

t hrough, or sinply spots. These defects are particularly troubling en the

screen is used,..fo xampl.g, .: conpu ni {ori r &yt ed for
seeing a hi GAOSHENR{O ‘@‘F Jﬁﬁi‘& ?“aqsg]%?q%%ﬁ')?%t%e E@ﬁsdg%ﬁfé "\l,?vgir eqe(?ggﬁtqgﬁioge t he
screen closely, froma short distance, for long, periods of tine. 10,
SUMVARY OF Tmporrect/Bige) ¢ petcspherical, 06 are drojens ainked,,santched; or, othegywise

proj ection screen includes a plurality of refracting beads bound in optical
cont act wi t hdefectiu®séanatreatel lae vhretsts of visilslerr defestse stafiyushyn cafled) igraiminess, x. A
di ffuser is positioned such that light traveling through the screen wll

pass thrqug i a ' ogg . TIRsI defedis f18f ore
exiting ?he%g{(x:@gaet?#r{ Iggalilé{:es §Se%Crlgl ?%%6%6%@%%&& gure 1 shgvvs a

first enmbodi neat .o h&.q teloventd on. . B -G | r .2 met hod
of making a %%ﬂ{yrtt%ﬁhgé%&t%gqg%r lég'ﬁ?d’ EWaﬁﬁﬂez,isgﬁogrl i k@%ﬂéﬁlﬁrré a
second enbodi nent. of the present, ipventjon; Figure 4 shows a third ,
enbodi ment J¥heratheseed sméﬁr%[%elmfgmﬂel i likely i legd the, ook to SUHIRIRENT of
the present invention; Figure 6 shows a fifth enbodi nent of the present
i nvention; ahelsdfegneclosely, froma shors idistancefooltingpetiods of tirae.pr esent i nventi on;
Repl acenent Page - 3-
10 SUMMARY OF THE INVENTION
According to the present invention, a rear projection screen includes a
plurality of refracting beads bound in optical contact with a substrate. The beads
are surrounded by an opaque matrix, A diffuser is positioned such that light

traveling through the screen will pass through the diffuser after passing through the

15 beads but before exiting the screen.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a first embodiment of the present invention;
Figuré 2 illustrates a method of making a beaded rear projection screen;
20 Figure 3 shows a second embodiment of the present invention;
| Figure 4 shows a third embodiment of the presenf invention;
Figure 5 shows a fourth embodiment of the present invention;
Figure 6 shows :a fifth embodiment of the present invention; and |

Figure 7 shows a sixth embodiment of the present invention;
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. PCT/ US98/ 05635 DETAI LED DESCRI PTI ON OF THE PREFERRED ENBCEEW&&E&Q‘”G 1
port ray?%’%’*sa%:’s sectional view of a first enbodi nent of e proj ection

screen according to the present invention, designated generally as 10. .5

Transparent, refracting, glass beads 1 are attached to and in intimte

contact with major surface 3 of transparent substrate 12. Beads 1 are held

in place by an opaque adhesive binder material that at |east partially
fills intersti GUSTAILA DESCRIETION OF THE PREFFRREDEMBAIMENIEn suri ace
3. It is inportant that beads 1 be bound in optical contact with substrate
12. By this it iEigomahtportays & lopossesedtional evidvelof a firsplemsbodaneht 1Y a rémxt a-
substantial portion of the |ight passing through beads 1 will reach

substrat e \A5n isbreB® 26Sording! & 148! presbnP hiehfioh a&@a&a inefhllyUf3sig.ate 12.
Accordi ng E%m he prersent ?orfve tion, Psur‘face 3 exhibits a %nght §randorri zi ng

property. that m e_create r | r LQVEGIi NG Q r I cal

[ nhonogéneirﬁa@?#ﬁ'ﬁuge%?ﬁ@'g’ %ﬁ%ﬁ&&&%ﬁ?‘é&%’ﬁ‘e@ 3%?&8 e gggxﬁqe ﬁént%ﬁt g@bi cal
diffuser. It js preferred that the 15 _inhonpgeneities be randomin nature
and have a ®piPEsyrface3of transparent subgirate 421 Beads | are kald implacgbyanppaqyeot
visible light to about ten tines that wavelength. It is further preferred
t hat the r aadhesive bindert myterialitbatratileast partiglly fillsintetstices2 ahd alsp issihdntinatet hat |
apart fromsurface 3, substrate 12 be transparent, optically clear, and
capabl e of jdnagioeichbhtalOwRRshffdée 3. THE KSin¥oragt that besdsl 1 ®8'Wound 3h lopkibaly or
ot her degradation. 20 In use, rear projection screen 10 is placed
in a locati ' Vi B0 Gia #%’ ' ' . 120 of
a projecti Oﬁ{hgl%%ta%? gflét}gsbl,sa%d? [ 1ezglgggfdgggﬂfst a pt“%%ﬁ%@f%% “@3" a{ocreﬁ‘eict ed
l'ight 5Q is.incident .on beads.l. .Viewer. 60 then sees, fromthe fronf side
of the YorctAtas ‘ﬁ?f‘& M‘%’H"fﬁ’&d@i’mémsi ‘%ﬁ"BglébWsﬁe I'reach substrate 12

even if beads 1 are not in physical contact with substrate 12. According to the

present invention, surface 3 exhibits a light randomizing property that may be
created by roughenihg or by providing other optical inhomogeneities. Thus the
inhomogeneities on surface 3 act as an optical diﬁ'usér. It is preferred that the

15 inhomogeneities be random in nature and have a size in the range of from on the
order of the wavelength of visible tht to about ten times that wavelength. It is
further preferred that the randomizing layer be relatively thin. It is also preferred:--
that, apart from surface 3, substrate 12 be transparent, optically clear, and capable
of transmitting optical images without significant scattering or other degradation.

20 In use, rear projection screen 10 is placed in a location substantially
coincident with projected image surface 120 of a projection apparatus, oriented'
such that the image formed by projected light 50 is incident on beads 1. Viewer 60

then sees, from the front side of the screen, the projected image made visible by rear
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-PCT/ USQS/@@@?,};‘S-,Q:; oj ection screen 10 after the |ight energe®ydinsys®beisa) or
surface 11 of substrate 12. The light. diffusing |layer formed by the

i nhonogenei ties provided on surface 3 reduces the graininess, whether due
to incorrectReRfioniséfen 10 lidigadin, ?@,0@,, of 1 8F Shstrat®r

ni cked beadsl,) or gt her beagﬂfﬂegﬁgitg,ﬁ ofé;f he p?l%jherg?edlsi&‘r%ﬁ? ;6I'he surpri sing
result is th t he grai ni ness, push through, and other defects are reduced
to a level thdt is unexpectedly low, while the imge detail and ot her
viewability features are suhstantially retaiped. Furthernore it is
surprising that tH eysétc@%ms ?qypx/?qsmeé oy t@w@ewosﬁ%@smsowds%eatsuﬁfyce
anbient light is not significantly 10 increased by the presence of the
optical di ff3seduces theugraininesg. wheit erhhleitmimmmhbeady size, incorrett Heashshapes ace 3
are structures, an additional benefit is that the opaque binder materi al

conforns § 0 BrokbhSichaclied, of@itked ibBads) bf bitier Ge&d defecls\\BEthelmraftetell inddges
fornms a text ured, or matte, surface. I n some cases t’hIS ennances ScCreen

appear ance by | ' . rLi anj| Lgh Q ont
of the scree#lé @{%?éirng?ra ‘F‘§ l%\?ga? ltggléﬂaﬁggss’@gggér OIL %%&géhr%e o%&sgt%%t 60
[err]min dianeter and, havinhg .a refractjve ind of about 1.9 haye been
found to be Eaﬁf%g?f{ & leye pﬁ’g ‘ﬁr'ﬁ%emct?dm/g‘h‘f'i 6’(&‘?"1" We‘%‘?‘@ﬁ aﬂéa Chave
an average diameter of 60 [err]m a mninumdianmeter of 25 [err]m a

maxi num di andewrbility features arpsubstantially setaingd.r Fupthermatenit ist suoprising t@t tes r | m
in dianeter. Smaller beads can al so be used and nay i nprove the inmage

qual i ty over susbeptibiiity @frthélsereen iageatcwashoun by . antisartslight\is not sighificastly e
indices in the range of 1.4 to over 2.0 may be used, dependi ng upon the
angul ar {g gh ' ' [ AR \ e purposes, gain is
defi ned iads t%g@f%%ﬁ%ﬁ%p?%g Iun?%gggg&gp@ﬁg@gérugggggh axis to the

lum nance on axi SHOIheainﬁgmnggGétfeitx%rs] provided on surface 3 are structures, an additional

benefit is that the opaque binder material conforms to diffusing surface 3 in

interstices 2 between beads 1. This forms a textured, or matte, surface. In some

cases this enhances screen appearance by improving the absorption of ambient light
15  on the front of the screen.

Commercially available glass beads in the range of about 60 um in diameter
and having a refractive index of about 1.9 have been found to be eﬂe&ive for- the
present invention. The preferred beads have an average diameter of 60 um, a
minimum diameter of 25 um, a maximum diameter of 85 um, and a standard

20  deviation of 15 um in diameter. Smaller beads can also be used and may improve
the image quality over that obtainable with larger beads. Beads having refractivé
indices in the range of 1.4 to over 2.0 may be used, depending upon the angular
light distribution and gain desired. for these purposes, gain is defined as the ratio
of the luminance of the screen on axis to the luminance on axis of a Lambertian
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5. \\D 98/ 45753 |
.PCT/ US98 ource having the sane integrated |ight out havi ng
i ndi ces S\?é@&?%ction as high as 2.26 have been successf ul ?&H‘{PS%MS
screens according to the invention. Transparent bead materials other than
gl ass, such as neric nmaterial al s sed.. 5, .. he, opaque
bi nder | ayer® %0%%“%%8 WSﬁ?tgﬁv%Mﬂu@‘ﬁamﬁﬁamg &?F‘E%r?fﬂégéﬂﬂq ed to
surface 3 of substrate éaZ |t nmust produce suitable adhesive bonding to
surface 3 an®P ughpe LS havehegn sucqessullyused in soreens ageordingtocthe invantion, r ed
materials for the opaque | ayer are polyneric materials that will accept

col orants, pFrahspaséritibedd makeriald othemthan ghissf sichtds\polyrhaijc materials| may alsoe
coated on surface 3 and 10 held in a softened state until beads 1 can be

pl aced on thgegsedti ng and pressed into contact with surface 3. Then the
bi nder can be solidified. A preferred binder material is an acrylate | oaded

be. appi 1 od to sur AL PR HitdeP BAGH fay B Ao Sk s PAbIC BAREL WG ool e
CFanspar ont BeSRplied 5 BufRegi SLARSa Vo Jhimiss pcebice songhinmabestie booding

di f fuser onyqsurface zg,.pngol ygésl((:l %eri ald)s su;h as pol ynet hyl net hacryl ate
and pol yet hytoestsfacer. Hel PRI mush bepmiade sufficrently dpaque.b cRrefdrrednd
suitable. While polyneric nmaterials have the advantage of |ight weight and

f1exibility,mafiedals fomtheabpayubdayes ae pBlf?/meric materidR h@PWIIE abcept cbloraits, 0N
surface 3 may be fornmed by a variety of means. Sanding of PET filmwth 100

Srbose ng. - Orcierabty BREC coloHits, Erefadly; iy jafe gk 15 be TRAN o i fipd S and
10 held in a softened state until beads 1 can be placed on the coating and pressed into
contact with surface 3. Then the binder can be solidified. A preferred binder
material is an acrylate loaded with carbon black to make it opaque. Alternatively,
an opaque layer could be applied to surface 3 and a separate adhesive layer coated
on top of the opaque layer.

15 - Substrate 12 can be of any material that is transparent to visible light .and
can be processed to form an optical diffuser on surface 3. Polymeric materials such
aé polymethylmethacrylate and polyethylene terephthalate (PET), and polycarbonate

| have been found suitable. While polymeric materials havé the advaﬁfage of light
weight and flexibility, glass may also be used.

20 The optical diffuser on surface 3 may be formed by a variety of means.
Sanding of PET film with 100 grit sandpaper has been found to be suitable. Other

means, such as embossing, chemical etching, and casting the film onto a suitably

roughened casting surface may also be used. In general, any means of fabrication

-6-



roughened casting surface nmay al so be used. In general, any neans of

fabri cag'ygg 34%53 WD 98/ 45753 PCT/US98/05635
PCT/ US9 !g suitable for formng mcroreplicated or other structured

surfaces woul d be suitable for producing an optical diffuser on surface 3.

- Fabrication sﬁiarb;éﬂfbrffgﬁxggg ngforbiflicRRt ot otRE chirsd surfateliwishid be Gpitalsial

di ffuser on surface substrate 12. As shown in Figure 2a, this is

foll oned by 5 | Vi ng_0Qp3a | ave nto substrate 12. Opaque | ayer 14
may be appl 'g&faggﬁnﬁl?‘bgP‘a&@ms?@‘,ynéﬁéﬁegs a polyneric material dissolved
in a suitable solvent system Alternatively, opaque |ayer 14 may be
‘extruded onto sulfebrieation1of she scregm tcan ben perkermedsby cArF g‘?’ﬂ?‘nﬂ‘ﬁ’@ PRt ness
of opaque layer 14 is determ ned by the volunme of the interstices between

beads These diffiiser ohisorfacesh @fiisubsimté 12| eAk shbdvn in Figure 24, thisdgfellowedby14 i s
applied by a solvent based coating process, it is convenient to partially

dry the 50%%6.%& $4 bntASibsHARSE. tbﬁiﬂdeﬂhfbrqmﬂfjibe\dfagigeecﬁﬂi hace 3,

as shown in re 2b. After beads 1 have been pressed into p t he

drying of |ayer .nay ' ' hsémhpugh
defects ofti}ﬁ“ e%cmsrt%ﬁna%%"&l rgg%@t%gpg#lﬂ%fgng#l\%@ﬁ%&%ggggﬁl yer is too
thin to 15 fully, bJock extranequs |ight in sone plages. |f., opaque,l gyer 14
is applied Htesndtively, opague Yﬁ‘éégeﬂaY ?Pérmdégtqrggrs@g?tmteb&a&g 8 melf

applied to opaque | ayer 14 and opaque | ayer 14 heated to its softening

t enper at ur e thermoplastio resine sTherthitkeesisofiopiaque layemthis deterthined by thebeolpmessed

I nto place by passing through a presser, such as a pair of rolls, that
presses the Jfgisintetfices bétveen deads Theselintérticdstshbaldibgfilledant that opaque

| ayer 14 be made sufficiently soft to allow beads 1 to be pressed into
opaque hgyer 14 gt agho 1GRPIRCEs UppHaaSty G2Gsivent based coating process, it is
convenient to partially dry the coating, apply beads 1, and press them into qontact
with surface 3, as shown in Figure 2b. After beads 1 have been pressed into place,
the drying of layer 14 may be completed as shown in Figure 2c. Punch through
defects often result from this process where the solvent based layer is too thin to
15  fully block extraneous light in some places.

If opaque layer 14 is applied by extrusion of a heated thermoplastic resin,
beads 1 can applied to opaque layer 14 and opaque layer 14 heated to its softening
temperature, prior to pressing beads 1 into place. Beads 1 may be pressed into
place by passing through a presser, such as a pair of rolls, that presses the beads

20 into opaque layer 14. It is important that opaque layer 14 be made sufficiently soft
to allow beads 1 to be pressed into opaque layer 14 and into contact with surface 3.
The process must form optically transparent apertures, without requiring an amount

of force that would cause damage to beads 1 or surface 3 of substrate 12. For

example, if substrate 12 is glass, care would have to be taken not to break it. If
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The process nust formoptically transparent apertures, wthout requiring an

. anmount Q& f that woul d cause damage to beads 1 or surfgasfudosiisess
substr at of%&g%r exanple, if substrate 12 is glass, care would have to be

taken not to break . it. -7- WD 98/ 45753

| f :
PCT/ US98/ 05635, subss r at B pol.yneric fi b , care
shoul d be ti%ésffaf?oﬁ Bs g?%‘égh %ggnagﬁg wsof g{ﬁ)élg%%? grel%%\%fq ﬁe gﬂ%ﬁ%gr%;g:e as
to cause bead inpressi.ons in substrate sz1 In a second enhodi nent, shown in
Figure 3, aPFeabdepfso] deto; estsatecls, with such fores antn capsgbradimppessionsgn |
this enbodiment, a diffusion layer 28 is fornmed by coating an optically
i nhonogeneowswbstmateel2.al onto surface 3' of substrate 12. Diffusion |ayer 28
i's applied as a separate |ayer onto substrate 12 prior to application of

the opaque bi ndeln anskcbfid @mbbdinkdsit ssdvar in Figire 2} dpdari projection scidenrigpar ent
pol yneric binder, applied by coating or extrusion, within which is 10

di spersed paLf:l i [+ ' ' ' om
that o the CBrBH e bhetlihe 2 DU SmPolfienfid iidostollIiger ee b opiba bUT
may be controlled by the anqunt and type of . di spersin arficulate added to
Tayer 26, | CoMng, R raRttaly tRiAogmeRS. BRtesal corkb  mithige) Ly oF Ssie 2
relatively | ow, but higher thicknesses may be used, provided that image
resol uti on Miffusiemdayete2® ismppliedmgea piepprate ilaysr prtondibstrate 1geprionidd to an
unacceptable level. In a third enbodi nent, shown in Figure 4, a rear

proj ecti on applivation of dkes opaiechindernaidabéads ds Biffudion ldyes 28ninayliinchinde a
diffusion layer 33 is separated from beads 1 by a transparent substrate 38.

e AR IO YRR s B B o o, B FRchR= 1
10  dispersed particulate material having a refractive index different from that of the
binder. The amount of light diffusion provided by this layer may be controlled by
the amount and type of dispersing particulate added to layer 28. It is preferred that
thickness of diffusing layer 28 be relatively low, but higher thicknesses may be used,
provided that image resolution and other desirable image pfoperties are not
15  degraded to an unacceptable level.

In a third embodiment, shown in Figure 4, a rear projection screen is
designated generally as 30. In thié embodiment, diﬁ'usion layer 33 is separated from
beads 1 by a transparent substrate 38. It is preferred that the thickness of substrate
38 be as small as possible,. and that thickness of diffusion layer 33 also be as small as

20  possible. Again, however greater thickneéses may be used if image resolution and
other desirable image properties are not degraded to an unacceptable level.

In a fourth embodiment, portrayed in Figure 5, surface 3" is coated with a

filler layer 54, which has a refractive index different from that of substrate 12,

thereby forming diffusing interface, while still providing smooth layer 55 in contact

-8



20 possi bl e. Again, however greater thicknesses may be used if inage

T esol ut weypsaaessot her desirabl e image properties are not deGTABIS0E63San
unacceptable level. In a fourth enbodi nent, portrayed in Figure 5, surface
3" is coated with a filler layer 54, which has a refractive index different
fromthat eFitthbésds' Bt Sylgrovidiﬂg Gllyr fayenisagthit ahositngf difusiohgarevidelitye stil |
provi ding snmooth |ayer 55 in contact WO 98/ 45753

PCT/ US98/ 05fidrks e%i" cREBE Sonkrolidd effebiivelly. Nth Sdrhé EbbdiRhitsXredubéd RABLSE Of

di ffusion provi by 1nterface 53 can be controlled effectively. In some

enbodi nents,.a reduced l.eyel of,.di{fusion is ovi d naki n e

di f f er ence SR WBW’&%?’V\)@WH?@eé‘%@ﬁyg{%eeff%&ﬂ%ﬁgﬁﬁg Pg F@Fﬁ/el y
small. In addition, the overall transm ssion of light by the 5  screen may
be i ncreasd@ and 34,ean relativelyrsopll Jncaddition; theyeverall trangmissien of fighteby they and
54. Filler layer 54 can be applied in the formof a liquid polyneric

coat i ng5t hatreeamayhbe inveeased bylishicle dn ppropriatepchiciee ofimaterials for layarsel2s such
as reactive curing or evaporation of solvent, to forma solid |ayer. Figure

6 illustratsmg ﬁf‘qtiﬂ'ﬁ'rlaﬁiftsa_(ﬂaﬂ'%@tap?ﬁed {hethé R bF 8Miquid Polyrhéc déh | ment

of Figure 6 a diffuser 63 is positioned adjacent side Il of substrate 12.

As shown in_Fi o b f ' i Tho i Ln the
art wi 11 pan LS forlitind Elf shpsOpdp gulfod prodtSEbyct A Bhef i el o 1 7°
di ffuser forned hy st]ructured surfaﬁg as in the previously shown

enbodi ment £vapergtipn ofsalyenfstoform aisplid 1a¥RSodi nent of the invention. In the
enbodi nent 15 of Figure 7, the sane material that forns opaque |ayer 14
acts as the diffKigare 6Ttillsstratgs lapother oerpbodiment of thexiinyentioni ca Ipathe cl es
with the material that forns opaque |layer 14. This material wll act as a

di ffusqo i renifdithéitdf Pigire chediffasst 368 Posifionditadjatent siaé ¢1 bE siibtraeé 12, stil |

be effectively opaque in the thicker areas in interstices 2.
As shown in Figure 6 diffuser 63 is a bulk diffuser. Those skilled in the art will

perceive that diffuser 63 could be a thin -ﬁlm diffuser or a diffuser formed by
structured surface as in the previously shown embodiments.

Figure 7 shows a i_ilrther embodiment of the invention. In the embodiment

15 of Figure 7, the same material that forms opaque layer 14 acts as the diffuser. This

may be accomplished by mixing silica particles with the material that forms opaque

layer 14. This material will act as a diffaser in fhe thin areas between beads 1 and
substrate 12 but will still be effectively opaque in the thicker areas in intersﬁces 2.

As may be seen from the forgoing discussion the diffuser according to the

20 present invention must be placed such that light traveling through the screen will

pass through the diffuser after passing through beads 1 but before exiting the

screen.



As may be seen fromthe forgoing di scussion the diffuser accordi ng to the
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before exiting the screen. -9 3
PCT/ US98/ 0 {i\é\y&f’aﬁmé&is?l aimed is: 1. A rear projection screen
conprising: a transparent substrate; 5 a plurality of

refracting peads boungd_i n opti gal contact with said substrate; an opaque
matri x surrdundi ng saf’deHSUQIECHAM SCTECIHEIMPRISING: posi ti oned such that |i ght

traveling through sai S} i ss through said diffuser after passing
t hrough sai d beads bu?tr%(ﬁaéporet&tﬁ?geg said 10 screen. -10- SUBSTI TUTE

SHEET (BULE 28) a plurality of refracting beads bound in optical contact with said
substrate;

an opaque matrix surrounding said beads; and
a diffuser positioned such that light traveling through said screen will

pass through said diffuser after passing through said beads but before exiting said
10  screen.
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SUBSTITUTE SHEET (RULE 26)



