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PCT/ 1 B95/ %67%,3# Front projection screen with lenticular front surface.
This i nveny P33 ates to front proj ecti,on screens, and mrJ‘ﬁHﬁ*’P’&?N&rl y

rel.ates to such screens having a | enti cdlar front surface. The devel opnent
of small disp|ay devices such.as L | Lquid crystal displays) and DVDs
(def or LPIRICCHON Sereet l%‘Eﬂﬁ"{ﬁ%‘-'b%tfél'l"{taf%ﬁ'produci ng vi deo i mages, has

given rise 5 to the need for small aperture projection optics to project

t hese images, and for front projection screens to display the projected

I mmges wi th adequate contrast over a wi de view ng angle. Various front
projection screens are known which enploy either a rear. surface |enticular
|l ens array or a linear fresnel lens array, together with [ight scattering
particles to 10 spread the inmage into the audience field. See, for exanple,
US. patents 4,767,186; 4,964,695, and 4,911,529. These screens may al so
enpl oy | i ght - absBHyiinkgntior zelaigs tousront prejectionssceeenseand mage pasicularynisiases:

light and thus i nmprove i cont I e probl em encountered with such

- smal | g’pé‘f@\ﬂ‘i”é‘?%@%??“ﬂﬁg% ﬁoﬁﬁ%%c\?jpass t hrough the screen w thout
encount eri ng anyThy dévelopme of Sfalltdisplad dedtés sichas 19THS (hquid %gyslﬂ displdys)
ndom :

phenonenon known as scintillation or _';B_eckl e, which is thera ) .
occur r andt DMDs{defpmmablggnisrasrdevigesk sititable fosreproducing ivides: imagesrhasigiven Bs¢ s

obvigou Y L& 0 G 1 def i nj t Q0 IS G ting to
e v B B ToF fafl bbb Brpleybf AR ol U il sl BoEBORE or o
S 1O projedud stréens o dRiptdyCtiipRojeoed dmiages withiadbuaee cbrtedstionera Wide viewing
scintillation or speckle is reduced. In accordance with the invention, a
front PRBIEection screen is made up of a front portion and a rear portion,

 ncor por at | ng. |1 DSOSkl ilens B4 igRE W ER srbiioy oBRés £ e iftace™
ext endiengichlap fendaridycor 4 tinéarsfrésnal lend arrah £ tdgethier with liglitscanteringopartieles tto a
part of the thjickness of said partion, and the rear portion_having a |ight

T eflOccspread e mage it theaudisnee Beids SoenEorRmple. IS Bajewts 4,767,186 an

pace BOGAES el ChFEREY e ymbeil S Sied QY et abRnbiig diuctipe |
ref | eclend chemdnts tu absorb aimbient light and thag dinprovehintagetdoatrasty traver ses

different areas of the diffusion region in different ) )
One problem encountered with such small aperture systems is that light may

pass through the screen without encountering any of the light scattering particles, giving rise

I5 to a phenomenon known as scintillation or speckle, which is the random occurrence of bright
spots on the screen. Such scintillation or speckle is obviously undesirable in that it reduces
definition, and is distracting to the viewer. "

20 Accordingly, it is an object of the invention is to provide a front projection
screen in which the incidence of scintillation or speckle is reduced.

In acoordance. with the invention, a front projection screen is made up of a front
portion and a rear portion, the front portion having a lenticular lens array on its front
surface, and incorporating light scattering particles to form a diffusion region extending from

25 the front surface of the front portion over at least a part of the thickness of said portion, and
the rear portion having a light reflective surface spaced apart from the diffusion region. In
use, an incoming ray of projected light traverses the diffusion region and the space between
the diffusion region and the reflective surface, before being reflected back through these
regions again. Thus, the ray traverses different areas of the diffusion region in different
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PC/ | B95/ 0wDds/3275di r ect i ons, increasing the |likelihood that poPIBISWO2TI! |
encounter at |east one light scattering particl e, and thereby reducing the
i nci dence of speckle. As used herein, the term™"lenticular |lens array"

Meansdiiktidns amcﬁéasﬁrgtzue |h'k¥hli66dadhh€{he%9 RO @doliRtBs aCleBfRNelight stffkringu! €s.
ext endi ng | ongi tudi nal |y across the screen in 5 one direction, and having a

def i npargcieoand thereby mdelcmgathgmxd@ce.qfes@wl@q The diffusion region can

extend to the rgear rf f & crler he entire
t hi ckness of tt@?ﬁﬂl"’%@r fh% tﬁ}rP‘ éérétgﬁgr?%{f r'ﬁ%@ atnoa.r{*y fbgﬂt‘ rface,
wi th pareli@adlontéd s Rlemened oOlenticules)anterudig\Ragithdinally héross g scpainom and
the reflecting surface. Instead, the diffusion regl on nmay be spaced apart

f r 9m enecdirections and hawingra defining spntopn thgriransyerse diregtign.be confined near
the front surfage, dlffﬂsmg'rgéloﬁ?ﬁr?ek{e d'té TR Q HEQ 8?*%%#1‘&53 gigf fusi on

region and the rear sur e SRt p i"on"can §p’acer

r egi catrostthe entitd thicknessiof the frog pmuemdrddnme* frbhesirface 16 uhé f&e surfface, with
reflectlve surface may then be Iocated at éuhe rear surface of the front

portite. earrmraen tnrewdmaq@ersaaee between thediffusionregion asd;the sefletipg surfage o

cach Tigh o i ol "B LR aplt R She bl e BF b o poro

codr espgo nﬂayl ge Ioenﬁnedlhearl the ffiont sexface] iniwhish cdse the eemainingeregionbetweér die
enbodi nent of the invention, the, front and/or the rear éenticular array is

made sion region andhe xear; swsface of thes frot portion can fungtionas 3 spacer regien por t | on

di
Pl (e b8 e oA el 36 HE rhAURR itk THE IR Yithnke RRYIBEF B DY,
t ot allocmb@an&ieneaflsmtfaoeomf ahEIfR)ntlpokascrl bed in nore detail in the

above- referenci 51'3@(15 4, 4,964, 695, tI;|e speci fj catigons of
which are incofh r‘@?‘hs cFé? éF‘% tpPﬁ‘%?‘aISf’e 1R¢ 2 6Rnd lepHierlatent s

a n@argﬁ agels) r 158
_ rrap?e\rllleg {/) per:lesengI fg&{%\re&gn%t/lﬁg nﬂta}lfc?éﬂ es {c‘)# éleﬁ% k’g%}&lga%/ or- égﬂ? ear
| ent i rrd) ahavingia mneapondmg tnmieuletm thersecond artay. contrast of the inmage
di splayed in t re ence of anbi ent Il nvention e
deseri bed i n wilh a0BrEPhebheDt of He By, e Sontanfer e
- eMDOeRP Enticuldf atray 4§ niadk QP ofl hb&le&ﬁm?ﬁ&& Sidewals, & thh tvﬁ?ﬁ ig. 1
is a schemafllxc Cross grfaa?t I on ofe one ‘enbodi men;"t;l of the scr egah hﬁmﬁ
porti »n of the light entering these lenneules is totally internally reflected by the sidewalls and
20 conc mtrated in the tip region of the lenticule. This total internal reflection (TIR) is
desc ibed in more detail in the above-referenced US patents 4,767,186 and 4,964,695, the

speci ‘ications of which are incorporated herein by reference

In any of the above embodiments and variations of embodiments, a pattem or
matri < of light-absorbing material may be present between the lenticules of the frqn_t and/or
25 rear . enticular lens array, in order to enhance the contrast of the image displayed in the
prese 1ce of ambient light. | '

The invention wili now be d_escribed in more detail with reference to a number
30 of sp cific embodiments, as illustrated in the accompanying drawing, in wmch |
Fig. 1 isa sCher_‘nétic cross section of one embodiment of the screen of the
inven ion, having a front port_ion with a front lenticular array, a ﬁ_ght absorbing strr;cture_
assoc: ated with the array, a bulk diffusor, and a rear portion h_avi:_ig_ a rear reflective surface;
Fig. 2isa schemé_ti_c Cross section of another emb_bdiment of the screen of the



inven ion, having a front portion with a front lenticular array, a light
absor bi ng st e assoc ated with the array, a bulk diffusor, and a rear
portion haﬁéggéﬁﬁbar reflective surface; Fig. 2 is a schematfiCEIBIYURTI
section of another enbodi ment of the scleen of the - WD 95/31751
PCT/ 1 B95/ 00271 3 invention, simlar-to that shown in Fig. 1, except that.

t he fr onventiont sionilazite shatzshownrindtigl &nexaept that thenfroatr parsion Risg. has a rean '
schema;li o ciois section of another enbodi ment of the invention, simlar to
that of PPNt that the diffusion region is confined near the front

surface, 5 and thg. 3eidra theinafe chiss séctionOof arlotfidr emibodiment'dfatie invention4 IS a
schematic cross section of still another enbodi nrent of the i nvention .

si i | asimian wathatoef Figy 1, Txcent dbajithe diffusion:regiomis ganfined nean the frons surface;r

| entd C f .2V Fl | i cCc cross section simlar to that
of. Fi g%ﬁ,m‘lé@ﬁ;{l apa{%gtorng# e%‘ﬁ.apgénﬁg%r follows the contour of the rear
I enticul ar arrayFigl@® is a schematic cross lsectionCof stilParstherrehbaiimentsef the dhvenfion,
.simlar_ to that of Fig. except that the reflective layer is confined to

! 19., 9, :
t he ti simiday ortbaioef Fige 3; €xeent dhat;the front pprtipn aise bapa seardpaticularciens armaysct i on
simlar to that 1 . at.: 3 | L .@R:1 Sy 1D j ;t he
front portion;. FIQ% Ig8l ias&zﬁ‘?'?éﬁ‘g%ﬂs% gé%:uro%sszn‘;ﬁggh gﬁg(b)?%éé.'f“r’oén ro?ﬂe@f"i on
‘'scr een refledtivenlayer follaivs dlie ddntdburgof the rearclenticiliivérray; | acks the spacer |ayer;
and Fig. 9 is a schematic_cross section of a front projection screen

siM@ar to that B i§a swhemate pross seguon-umplap ke thap 96 Fig.nY excericthat e s
. ! . ! | fo 1
or oan eV 8 1€ chififed Otk th Rpidn b 4AE k- teitally P11 09, NOF D T O

portion 12, of aFigl ghis a schemaiis efose seationr similar suthat o8 Figl %, nexicept! that a spacer

met hacryl ate, has a front surface 16 defining a Ienticular lens array 17,

made uFCEIPN i BrESERIAI the RNt POTUON: o1 j ent ed paral | el to one anot her and

ext endi ng | ongi t ggli I ' . | A '

t aken transver sep%()%t eay ?cgﬁxé\?{ﬁﬁ %Jr%gls%orr_l ﬁfﬁ?t Eh@w‘%’é‘ s?ﬁ%n%ﬁlﬂﬁ& &t 8f°
15 Fig. 2, except that it lacks the spacer layer; and

Fig. 9 is a schematic cross section of a front projection sCreen_ similar to that of
Fig.' 2, except that the light absorbing structure is associated with the rear lenticular lens
array.

20
-Referriné now to Fig. 1,' screen 10 is composed of front portion 12 and rear
. portion 14. Front portion 12, of a li_ght.transrgissive material, such as polymethyl
’ methacrylate, has a front surface 16 defining a lenticular lens array 17, made up of
‘ individual lenticules oriented parallel to one another and extending longitudinally across the -
25 screen. Fig. 1 is a cross section taken transverse to the longiiudinal direction, showing the
contour of the lenticules. The front surface also has a light absorbing structure including
raised ribs 18, extending between the lenticules, and a light absorbing layer 20 on top of
these ribs. This layer 20 is intended to absorb a large portion of light striking the screen at
rélatively large angles (e.g., émbient light) while absorbing only a small portion of the light
30 striking the screen at small angles (e.g., projected light).
The front portion 12 has light scattering particles dispersed throughout the bulk
of the portion, to form diffusion region 22. -
The rear portion 14 of screen 10 is madé up of spacer layer 24 of a light
. transmissive _maierial, such as gIass, and layer 26, forming a light reflective surface 28.

e



contour of the lenticules. The front surface also has a |ight absorbing
struct ur WO PRI ng raised ribs 18, extending between the PemIBgsMoe®, and a
| i ght absorbing |ayer 20 on top of theke ribs. This layer 20 is intended to
absorb a large portion of light striking the screen at relatively large '
angl dsay(s 28. mange iofrany | suigably mimror<ormingrmategalsuoh as sitedrl orprdumimm.of t he

front portion 19enubelongi Pt B ts Ao Ee éaem%sf)gBe»@aeﬁh; diidn ine
bul k refi M2 & theoreflebtive €uirface i28f Thudarl Bﬁbﬁﬁhgzﬁﬁ tHa9 79°pds % 14 of
screen_10 is made .up of spacer layer 24 of a Ilg t transm ssive terial,

such 4f gpagegion 2, methr@ah speeeri layera24.ithen ix iback shrohigh ¢hes layers WO
3175 PCT. IB 5/ 00271
gLayer JWZ%efore exiting t hea%(:)fe%“wlt %Fm%er“}%\; “f'%'rhﬁnlﬂ 51%@anfl¥|less Bver
or alsuen nutheffhﬁt;ﬁmjeehb@rsc@nshmﬁﬁnlfages 24'is to provide a space bet ween
the diffusion regl on 12 and the reflective surface 28. Thus, an incom ng
light ray 29 @sshqw&ﬂ@*%qmm%ﬂmr@gﬁléhﬂwﬂoﬂhﬁmlmrt@lti@membedlment ayer

24, : r r ore exiting
the ts("gr e%n %’n"{eé g{rar %@@é@&rggﬁéﬁgg"% é&?ﬂﬂ fe)ntreél "%bls?b an is
seen rear jurfacés This Ipntigulart dredy isciisecompeset of imitugily Barali ﬁmym not her.
I:EOdI ment. of the i nvention, simlar to the. enbod nment bgfb%l ylecept

t

t OFiepfed lgRtiqules, each lanticule opposest %Wﬁ%ﬁllﬁﬂ(}%pﬁtmeagéMySMn t he

| angi T aaiich ¥ Wil BevEEn BofrElbontin pArGAIBY Al el of o Sefly)

corr essﬂ'mrsamegfdrehuh the frond aridhefreandrrays; fwitile. th Rofitout b tid leaticled BF fHeance
bet ween corres que gh&ort ns of ad{ acent: Ientlcul es of an array) is the
same SPH G ATTY ergRigiTemthe coptoyr of ghe fit§h @M@yt he cont our of the

| enticul es of Aglen &ﬁ.p&ﬂg%&{g %’Tgm*}g t]eladraglf% ﬁ'ﬂ\trersesotgétblﬁﬁc aithl isfot rﬁ‘%&’“b{fk

first-array. As in the nt “of a ray ravers.
oli5f f twicen theesﬁcond #avérse theingeaftdrepassage nhrough spacee lé;er 48 aﬁdt&ﬂeﬁib‘rﬁﬁﬁﬂl

S1 SRR 3.y fepUBLE g eans e Spedin 1R TsHEL B the sorrenroloFiss B Fi g ;
E.“S“’Sl‘,"‘“ZiEELt P} (NS ik ol of he BVERSH, dftit! > B enc”
conf oA .t b exceptf that therlight scattering particles of screen 60 are confined to a diffusion
regio.. 72 near the front surface of front portion 62, and that rear portion 64 is composed of
20 layer 74, which forms a light reflective surface 76 where it meets front portion 62. In this
confi; uration, the spacer layer 24 of Fig. 1 is replaced by the spacer reglon 78 in front
portic 1 62 ‘which regron 78 does not have any hght scattenng particles. Thus, ray 79 upon

enteri 1g the screen, traverses dlffuston region-72, then spacer regmn 78, then is reﬂected

from wurface 76 to again traverse spacer region 78 and diffusion reglon 72, resultmg ina
25 reducu d incidence of speckle when compared to the screen of Fig. 8.

In the Fig. 3 embodxment the layer 74 may be of substannal thxckness,
provic = mechanical support for the front pomon or may be a relauvely thin layer, for
examg le, of a coated or vapor deposxted material, on the rear surface of the front pomon

Frg 4 shows yet another embodxment of the mventton similar to the

30 embociment of Fig. 3, in which the front pomon 82 of screen 80 has a second lenticular -
surfac:: 84, similar to lenticular surface 50 of Fig. 2. In thrs embodlment incoming ray 86
traver: =s diffusion region 88, then spacer region 90, then is reﬂected from surface 92, then
again ' raverses spacer region 90 and diffusion region 88 before exmng screen 80, resulting in
a redu :ed incidence of speckle when eompared to the screen of Fxg 8. '



region 72 near the front surface of front portion 62, and that rear
portion 64_is cQq osed of .20 layer 74, which fornms a Ilght reflective
surface 76““H§FE L neets front portion_62. In this conflgurEFTQF$MWﬁ@
spacer |ayer 24 of Fig. 1 is replaced by the spacer region 78 in front

portion 62, which re |on 78 does not have any Iltght scatterin artlcl es.
Thus, ray 79 updfigs hPWe‘“éQ:F'@&‘iemt‘fa&'@EP%seg e rqmpbadimen ig- #2In t hen

X /
chacer HER bl %ﬁ usﬁ)hpffgéfgﬁﬁ%f 2, sffiflr ff*f‘*ﬁ%@*“% oA 5%,
i nci deane redr mﬁmkllm;/\bmnsungpanplg dfa lalyer of nmeanad)floswguctB fornts steflectivey. 3

enbodi nent, t eI er 74 be of . ubst ntlal thic to pr.qvide
mechanS¥Afces FB\“gt‘Hé FORIPUL, Ha s a%)\?éﬂ@%!!% for

| ay gX I e ear -
sui Pac S appiEy BB, “’*r%e oo it sﬂ@%ﬁ%mﬁ*ﬁ%@‘%n‘é‘?ﬁ% 18] 132 o] bl
i nvent screen $00; traverses dlfqulBﬁ reglbndlmmﬂ SpaceFirggio8, 11|6n mtamhtetim sﬁrfam 108,

ortion 82 af screen 80 has .a nt.i cul ar simlar to
Tenti camgaseﬁ ATEESS sbaper Frgjon 316 a0 HEUSIER Fraipod i, BSTa SRS i Scaten,
traver ﬁésg lﬁ%kéaﬁcé@ﬁiciﬁbnggof é%&ﬁ&oﬁﬁ%@%% x@@rﬂof?}gé e | ected
from sur t hen agal n traverses spacer regl on and usi on regl on

88 before eX| t i r'Ig Kigr 6¢scréén 20@ dsitompaosed rofefromdm:m Bm*,l similar toofronp gpoktien

wh h
BB, OB ke phsar S0 e ol epacht FRoEn o Fa1eal 296 Gomfip o the
enbodi trpﬂq:toreénsam oflmel 1en€¢@es 20 8 ieeBiid mchﬁ; SOARRSSED. WafeH %o@%&l

102, lar to front portion 82 of Fig. 4, and rear portion.
consi sfomexagipl| silvef on alwmienmofvaper deposited] SBough lma%b,r msctméd ontpi the tipsr f ace

190 <oBhALIR B Y LM A TS hr S 867yl B 1,

Thus, reamcméa TGY) 1591286 upn ShichdR st 007 vALEAS: dihisithl RBidres) mﬂéﬁﬁg ?

spacer region 116, is reflected at surface 108, and again Traverses
r edPonregian 220, igireflected> at susfdce r20814nd lagmo rteaverses ispager Ineglelt 22@mand rdeffmom ng

::Inga gedgz%iagb%n%dencegof ’speckl e corr$ar gd 20 t he screen f Eﬁﬂt

porti oforh Qg,th@g&eé,eafp;g)rglon 204 now r educed to separ ate layers of a
mat eri al 206 confined to the tip portions 212 of the |lenticules 220 of

second | enti cul dn Fgr 7asereen 300 iscampesed 2§ dront porsion 302 and rear portion 304,
similar to front and rear portions 32 and 34 of Fig. 2, except that in front portion 302, the

20 diffusion region is confined to a region 306 near the front sui'face, leaving a spacer region
308 which is free of light scattering particles. Rear portion'304 is similar to rear portion 34,
compds_ed' of spacer layer 310 and layer 312 forming reflective surface 314. Thus, incoming

’ ray 316 traverses diffusion region 306, spacer region 308 and spacer layer 310, before being_
reflected by surface 314, to re-traverse these régions and layer before exiting the screen,

25 resulting in a reduced incidence of speckle when compared to the screen of Fig. 8.

The embodiments of Figs. 2, 4, 5, 6 and 7 are particularly advantageous in that
commercially available rear projection screens having surface or bulk diffusion can be
employed as the front perﬁon of the front projection screen of the invention. Such screens
are described, for example, in'JEI, December, 1993, pp. 27-33.

30 Fig. 8 shows a front projection screen 400, having a front portion 402 of such a
prior art rear projection screen, having a front len'tiqula: array 404, raised portions 406 with
light-absorbing layer 408, rear lenticular array 410 and bulk diffusion 412. The rear portion
consists of mirror 403. Thus; the screen lacks a spacer layer such as leyer 24 of Fig. 1.

The screens of Figs. 2 and 8 were visually compared for‘focus, moireé and



for exanple, silver or alum num vapor deposited through a mask, or coated
onto thewWO 98311t h an applicator such as a roller, having ecrmnmdoamer .
di mensi on than-that of the lenticul es.6é Thus, ray 216 upon entering screen
200, traverses diffusion region 218 and spacer 15 region 220, is reflected
at supk ade, RHDJUifferedt thickinesses of elie sracephyer 44 e Resglt? dfk shodvrrin’ the Tollowinggi on
218, efore exiting the screen, resulting in a reduced incidence of speckle -
when "E?élpﬂﬁpared to the screen of Fig. 8 1In Fig. 7, screen 300 is conposed of
front portion 302 and rear porti on 3 eSimlar to front and rear portions
32 and 34 of Fig. 2, except that - t portion 302, the 20 diffusion
regl @paier lagerf | ned to a r edfoous 306 near theMbirént sg@e | eaving a spacer
esg;on 308 v\lm h is free of light scatterlgg artlc*1 E Rear portion-304 is
| K e dFige portion 34P¥onposed of spab& | ayefl®310 and | ayer 312 .
form ng ;5 efdne@Ld empur f acegddd. Thus, inconagiuky P traverses diffusion
regi on 306, spacer : reglon 508 and spacer |ayer 310, before being reflected
by surlf/acch](&me)re t raversleratbese regi orlowand Iaymr before exiting the
scree in a reduced inci denc of specid e when conpared to the

u t|
scr ee ot "ﬁ[‘dg he embo8Pents of Figs. ogeshd 7 are
particularly aﬁ?a@tﬂﬁ%%frbﬂﬁ &i&g&uﬁﬁ%ﬁ'ﬁd l‘laﬂﬁﬁp 65 502 An@ ! on

ial BEh
screens. havi ng surface or ffusion can be e iﬁoye as the front .
plék t irear pfrtiom S04 amﬂapmjthn:fmnhambreaerponiortsﬁ’e? and, 34 of &ig. Blmweptcthae“s are
descr.i bed, for n JEI. Decenber 1993 27-33, 30
Fi o iR gt 2. IR igh,borting sSEUFGER s Asocinied vl tierreshlentivler !ﬁ?s402 o

SUCh a8aP"5 19, ifidad' GFOWitR 'tie ﬁ%t ,ﬁsmemdaaﬁb@sm ahliQ thswfbﬁg
404, rafsed portions 406 w th.light-absorbi ng layer 4 rear |cu

arr ay'uelmatedcbeb\ueem bntxtules 5hl el anphlightgeaching suahriam:ﬁlst suchf asnrayri% 403
Thus., the screen | acks a spacer |ayer such as layer 24 of Fig. 1. The

screé ‘ch§ qugi 2 and 8 were. visually conpared for focus, noiree and WO
9% 31751 The invention has been described in terms of a limited numbBC3{ ¢RBodifianl 6
speckle, for different thicknesses of the spacer-|layer 44. Results are -
showang n arigdorrscof] mewgnwms mhermmqhmp@é and |vayigtions will become readily us

Moi r Gippal 2nt t%e&\&eeslalled in the art, and are intended to be encompassed thhm the scope of
the ir vention as_de_ﬁ_ned in the appended claims, -



5 none (Fig. 8) : best - - hi'gh high 3/ 12 inch

(2.4 M : medium low 1/[err] inch :
noder at e w-°95’9%9 low - low 1/ inch (6.4 mm poo‘réﬂ&gmzn
| ow | owest Fig. 9 shows a front projection screen 500, having a front

portion . 502 g.nd a 10 rear portion 504, simlar tqQq the front and rear
portio and 34 of Fig.. 2, except that in front p ' ; '
absorbing structure is associated with the rear lenticular |ens array 510,
instead of with the front array 507. Thus, ribs 512 antl“'lﬁmumwmﬁ

| ayers 514 are 1ocated between lenticules 511, and any® » such
| ayers 514, such as ray 524, is absorbed. 15 : The 1 nvention has
been described in terms of a |limted nunber of enbodinents and vari ations
of enbodi nents. Ot her enbodi nents and variations will becone readily
apparent to those skilled in the art, and are intended to be enconpassed

wi t hi nlt he scopeAdrontiprojestiomsereen having @ fraqt partipm and 3, FEaL RAFHON, PRGN POTUOG
95/ 31751 . . < . e
PCT/ | BBEYiB8 2/ fFo9t $yrfiof,and a rear surface, the front portion, having light scattering particles
front Qefihingth diffhsion’ RgfonPéXtérdmg froat thepfeoit surfaberof tige frohr portionoveratleastd a
rear surface, the fron ortion having |light -scatteri ng particles defining

a di ffas;?anmof thei tbickaassf cn:ifbponi@m Tpntowirface of sbe front peraion defining2 fTogh
t t i i i . of
Che S dsich dfns iy fomhgSigh AR PadliePRhlo ey Shibiing WongiduBitany dEbREe ©

mut ual hye RaesH,| Sk the Fedrcpireion mﬁan?imeﬂeoﬁge surfdcentharacterizetsint that ther een,
and the rear portion defining a reflectjve surface, charac{.ﬁgégd i n_.that

the refreflestivesurfaes ifcin spaced,apash relationship; to, tBe diffusion region, o R RRIPIGR:
. regiona,of the frapt £ . . [ efaimPl. Ynafdctetized Gh | ai med
i ngICI ai‘m 1, charg&“é%géﬁl ns%ﬁeél[as[ %lglmd‘?df F‘ugﬁtﬁplr’ceagl on ext-egggﬁ‘?oﬁ?hg ?;g\re

sur f ac Qiffhsibm eediow @ktenas to e redOsurface of the front pbrtiomt proj ection screen as
claimed in daiml1, characterized in that a_spacer .region is present in the
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4, Front projection screen as claimed in Claims 1, 2 or 3, charac’:terized in that the

rear portion includes a spacer layer between the rear surface of the front portion and the
reflective surface.
15 5. Front projection screen as claimed in one of the preceding Claims,
" characterized in that a rear lenticular lens array is defined by the rear surface of the front
portion, the a.rray. comprised of a large number of mutually paraliel lenticules extending
' longitudinally across the screen, the lenticuléé having tip regions. |

- 6. Front projection screen as claimed in Claims 1 to 4, characterized in that stripes
20 of light absorbing material are located between the lenticules of the front lenticular array.
7. Front projection screen as claimed in Claim 6, characterized in that the front

sufface of the front portion defines ridges between the lenticules, and that light absorbing
material is located on top of these ridges.

8. Front projection screen as claimed in Claim 5, characterized in that stripes of
25 light absorbing material are located between the lenticules of the rear lenticular array.
9. Front projection screen as claimed in Claim 8, characterized in that the rear

surface of the front portion defines ridges between the lenticules, and that light absorbing

material is located on top of these ridges. o
10. . Front projection screen as claimed in one of the preceding Claims,



rear portion includes a spacer Iayer bet ween the rear surface of the front
portion aw@®9si3g7s1efl ective surface. 15 65 Front pepipiobeA
screen as claimed in one of the precedigng Cl ai ms, characterized in that a
rear lenticular lens array is defined by the rear surface of the front:
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7. Fr cﬁmnppmjasﬁoncyamra%edlm&edqhqmm 1l1ncﬁlﬁbt€h§ed fafteSr 1 zed in
t hat t e front surface of the front portion def ines ri dges between the
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ridges. 8. . Front projection screen as clainmed in daimb5,
characterized in that- stripes of 25 |ight absorbing-material are |ocated
between the lenticules of the rear lenticular array. 9. Fr ont

projection screen as clained in CaimS8, characterizeﬁ Lmn
-surface of the front portion defines ridges between t ulll m"“um Imd
that |ight absorbing material is | ocat ed on top of thete ¥idged. 30

Front projection screen as clained in one of the precedlng Clalns
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PCT/ | B95/ 00271 8 cha acterized in that the reerctlve surface is the front
surface of the rear portion. 11. - - Front projection screen as
claimed in Claim 10, characterized in that the reflective surface is
confined to the tip regions of the lenticules of the rear lenticular array.
12. Front projection screen as clainmed in aim 11, characterized
inthat the 5 reflective surface conforns to at |east a part of the
contour of the rear lenticular.|lens array. _ =



