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- SYSTEMS FOR REFLECTI VE LCD' S CROSS REFERENCE TO RELATED PROVI SI ONAL

APPLI CATI ON Thi s application clainms the benefit under 35 U C-Fmﬁ') zgnau S.
Provi si onal Application No. 601130, 419, filed April 21, 19

Provi si onal Appjd h@n No. 60/132,928, filed May 6) 1999, U. e f¥onigdsss onal
Appl i cation NQW%S%Z , 468, filed Novenber g 1999, and U. S. Provi sional

Application No. 60/ 179, 227, filed January 31, 2000) the contents of all of
whi ch are incorporated herein in their enti rety. FIELD OF THE | NVENTI ON 15

This invention relates to projection optical devices whi ch
reflective LCD's BACKGROUND OF THE | NVENTION Figure 1 is an Mﬁwm utT
of a prior art projection systemenploying three reflective

i:e., LCD 10 for red light) LCD 12 20 for green light) and LCD. *15m5¢*or bl ue
light. Light forma source 16 is polarized by a conventional polarization

beam splitti ng cube 18 and the Scogone%é%@wm% a
continuous life in this an@BHC T rds col or
cube 20 and the LCD s. The col or cube separates |ight into the red) green)

and bl ue primry coI ors. 25 L| ght reflected fromthe on |ers of the
LCDs has P-pol ar G501 X 10 : ACATION

figures) and thus pas ) throu ) nal r am
[1gures) and thus, pasTad k) B e B S8 B IE,
screen (not showProvikicsitl Applitdntio.f607130,219, filot Apiril 2103998,0d)%ar i zat i on,
which reflects fromthe 30 di a%onal of the PBS cgggaagd qtg(fél#{gggs nat pass
into the scrdBn g}g%lgmnal ApplieatronNo(ifi134:78% 8 Y 6.1 TRV (1415)

Al though the desix heéuil A Sy ﬁo&g@%ﬁa{éﬁg@@&h%@y t19§§ W Ui, Brebdstdrmlf rom

a nunber of fundamental dra ol'ari zation fromthe
source i s conpl edeplichtien No| QQllﬂa,Q2&0&ltEdabmu@i‘Y6he2 thereongentawfiadbofhy t he
pol ari zati on pro t h ona cube) which 5 properties

r.tii es of
tend to be poor g’?’rmlf RE ]I"‘cﬂ?r?ﬁ%tteg THndR F‘ﬁlre &E?r%ed for commerci al
projectors; and FRELDNOFCTHBINMENTI@NIS to work with both S and P

Cepar at 1 oni r &Bonbi nat TBIY 1oFFOGE ToLeide 4 ProiRGISH BRUEDFesicny BP BN of {
filter is alwayspéffstgivk 1aD's.
BACKGROUND OF THE INVENTION
Figure 1 is an on-axis layout of a prior art projection system
employ_ing three reflective LCD panels, i.é., LCD 10 for red light, LCD 12
20 for green light, and LCD 14 for blue light. Light form a source 16 is

polarized by a conventional polarization beam splitting cube 18 and the S-

component of the light (shown by a continuous line in this and all other
figures) is reflected towards color cube 20 and the LCD’s. The color cube
separates light into the red, green, and blue primary colors.

25 Light reflected from the "on" pixels of the LCDs has P-polarization
(shown by a broken line in this and all other figures) and thus passes
through the diagonal of the polarization beam splitting cube (PBS cube) to
projection lens 22 to create an image on a screen (not shown). Light
reflected from "off" pixels has S-polarizatioﬁ, which reflects from the

30 diagonal of the PBS cube and thus does not pass into the screen space.
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10 100% so that to avoid undesired col or mixing, some |ight on the borders
* between bl ue-and green and between green and red nust be ijntentionally cut
off and thus | ost. Mreover, the amount of |ight cut off rﬁ?t Ih@ﬂ-ezgaéount

of the fact that the slope and cut-off wavel ength of a dichroic filter
depend on pol ary@gdé:9 and angle of incidencg. As a result ofpdmi@a@iossss
effects, 15 substantial light | oss can occur"when all three LCDs are

| ocated in the same pol arization channel and a single color cube is used to
split and reconbi ne thatidugBahpdeshYf Fidht 10004 Sompagairebedtat&nt suffers
Publication No. 10-253922 illustrates a varjation of the systemof Figure 1
whi ch uses two difedm& rumbeseifundamentel dranbagksgineludingo (brP-palaizafiophough

better than the ‘ihéé&ﬁx%@is &ﬂmape@i g%@;ktz?{hetwn%ré%"%?me %ﬁé&%flﬁ%d S

mechani cal |y conpl ex and can ex uced contrast through its reliance
on a singl e pol arbiyztdlei pohadissainnsgiopéttissgf thibdiaganalng thaRBSDeabepathich zi ng

di agonal . Another known configuration i,s {hat. devel oped by S-VL.SION Inc. of
25 Santa O ar @PP‘?I(S}Eﬁi%‘él?é 5853 B orefheaé-r_n)xmbm,tgpl%glpirgé}urgé/&rem Desi gn
for Reflective CNOR&CHIYravtors; BnaqerdicN@orubsRebds d¥owbrewdhsothges

80-86, 1999. This approach uses off axis optics, two_ col or cubes) and two

filmpolarizers (Rpelanigationfrall three gelars; mehich leads fe loyn efigiangy of Folop

enhance contrast. F?m ; . Wworks wi th one polarization) which
i ncreases the 30 6rti c}°g’%’£:e§5%‘?ﬂ@§1°§? separati on/ reconbi nat'i on. The probl ens

here include: (1) ~In paftiGldr, 286 310pOoh 8/db&iE8R cug-off fHEH i98deAPOEGS thawe
cost of two cal or, cibes; | oss of the second polarizatjon fromihe |ight
source; and (c®) t @@M&%ey@&w%&g&ﬁg@owwﬁ EV S 5&3% %éfle EEM\?E«IS-QY OF
THE | NVENTI ON | n hétRuerdbluelthd e @nlGetwéer Sre8h a0l edimadt Bdimtemicmillyon to
provide 5 inproved optical systens for use with reflective LCD s. |

| n
particular, it isuhatfsmdddusdest; Morepvasntheopmewnipiighicus sffimyst take: ens
whi ch have some f ¢ i £8: ) ol
aystem s mechaniocy Ty U EhE FloY ofig o eldiShrl Ut ROV AERRAT o Eenichd RE
of expensive opt idepknd onpohaivasion(add dripde ef/isriences eds atrebeld of theseefietts; he

| i ght of each.lp larizat. and (4) the s em i eves i vel of
contrast. Toqgchisﬁ\ggtapﬁlgiixggﬂ@sw%&c%ngm%ﬁﬁl}{geiﬁh% ?{eolﬁg?tlr%dggéé?dance
with certain of ishmesi@ftstidt ehardRband HRidglé Yolppkalse waisedrnobphtraadl i tter
having first, second, third) and fourth sides and two pol ari zi ng di agonal s,
sai d di agonal s i Feermipigeithe thyee ryparyighteglorsai g sputter being symetric

about 15 each di agonaly éé o Pt p&fﬁctah% NS 00855928 iRYUSHERLsR Ahidatiortaeh
di agonal )) wherein |i gﬁ %aw ng polarization primarily reflects from each

di agonal and | i glthe kpstemgofiFiguteal whidh wsespmiordichidoic prisms instead pf @ siggleach

 eonal 1ot g cRhe! A5 BRO BRLe ol APh  oA S2,
patent publication is mechanically complex and can exhibit reduced
contrast through its reliance on a single polarization beam splitting cube
having only one polarizing diagonal.
Another known configuration is that developed by S-VISION Inc. of

25 Santa Clara, California. See Bone et al., "Novel Optical System Design for
Reflective CMOS Technology," Proceedings of SPIE, Volume 3634, pages
80-86, 1999. This approach uses off-axis optics, two color cubes, and two
film polarizers (one as a polarizer and the other as an analyzer) to enhance
contrast. Each color cube works with one polarization, which increases the

- 30 efficiency of color éeparation/recombination. The problems here include: (1)



- ; f

20 along two faces to formthe overall polarization beamsplitter. In sone
enbodi nents, the cubes are all of the same size; while in othe

enbodi ments, two of the cubes have a first size and two of t%eﬁ&-{)ezgqaave a
second size. Half wave plates and/or sheet polarizers can be |ocated

bet ween 25 adj oyBighiesrigaces of the pol arizat i_é)__n beam splitti ngpetrbsen9séer o, -
two or four half wave plates and zero, two) or four sheet polarizers can be
used in any conbination as desired. The sheet polarizers inprove contrast.
The half wave pl ahesostaf t#e colbedubss; (DB Sahe sb@ndodavizayorpbar fhedighon

| eakage or can be used t(g inprove contrast in V\:hifh case each half wave
plate is 30 ori efPBEesandithe complarityauphexnenseat oi-gKis ap41P pol ari zed

i ght and P pol arggmgngth{LsIﬂ_@I@T@ l'i ght. 17 OCT 2003 WD 001 63738
. 4_ PCT/ US00/ 095 n_accordance w others of its aspects, the invention
provi des an optical sysviaw oftiheHoragoprg, stels aa qhgéciof thae inyenbienre ppovide er of
the type descri bed above, .a light squrce f ovi di | ight t ofrtj on
of the first &i dém8f°‘ﬁ‘?edpé’6ﬁ} ?B(f]sé?’?ls TN wib refieqtyr R dim 'rglf*"%‘l&pw i %%n
passing out of aan d!@édtioﬁﬂl@fnvbhﬁoﬁQﬁ?Mi& getiel syftensphhichdlave $oind asicond

si de being opposite to the first side) and at least a first reflect'ﬁve,

pol ari zati on conw&eferahly apiofehe Sallowingeronasties: et aystem isamechanically
|l ari zat i i j i : ' . .
pol arization conyghbielhd éga%g,ﬁ@ggpfé(}%{r%m%&%%e%e 986 UF BehenRivaRpuCal

i ght passing from I e projection lens. I n certain
preferred enbodi wempshemtne(3)dthdsystemfusehat laaspsome of the Bent¢feaghe

associ at ed wi,t,h sides of the ter different fro i f the
splitter wt ijbmhip(?ﬁarle? 1R 6?1?’ %‘QB{%‘F (%Stﬁﬁ’cla‘fe}ﬁgveﬁraofuggllggeﬁ cﬂ?g%rgt%?l%é

associ ated. | n accor d@eaehisve bhéderddiesthef objestsptipeiniventidin hevoeddncawith
provi des a nmethod for inproving the contrast of a_projection Q’Stﬁm-

enpl oyi ng at | ea§ertam pspEcERToyiles somitary polay; a&d’iﬁ?ﬁ"’t"i‘ ﬁbﬁ BT R&YINged
panel_conpri si ng gpgssbaigial HAR, dfcOfuftil dighY asdPL6 folaizldieaiyRbiczada panel
nmodul ating the |ight at the pi'xelized panel, and passing the nodul at ed

light to a proj edidgonalsansersedtngeatrighbangles, weshsnlitter hayhg symmedric gheut he

j i I , | O of, . .the ligh
Dl ot es. or 1 entba’ SBthaREEhe ERS KB pfliehtfiag il PABREIRL AT Ach agdah 1Y€
and P pol ari zed kilghé¢intligh® havieg 8 pethridagion; pritahribetofleets firtve daich hiliagomat ce

and the pixelized panel, the light.interacts with twy | ari zat | o

di agonal s, the | Pﬁﬁigﬁé%ﬁﬁxgé ?gﬂﬁlﬂa&’PPi’iﬂlﬁﬂi’}\%‘ifﬁn%btsggr%hoeqchtg?%’&ail'ons
and having P pol ari zat edrtdifprefeered &8bodinends, dhb %hﬁfa%ﬁ%bﬁ'ﬁéi‘ c@fifrifdd)four
bet ween t'he pi xelized panel and the projection lens) the light interacts

with two pol ari zaelagizationdenam splitting cubemeaphonbriadopinatve athesruwes one of
said interachh ﬁlo%%dc%%{;&gcﬁofiﬁ tBQ'&ﬁ@@Sde{lzétﬁ’Jn {J&ﬁn%éﬂ&%rpixf SGthé
ron w po

on
interacti ons; wheré~an i nter ac : ari zat1on diagonal 1 nvol ves:
17 0 CT 2003 Vembodhderds, the. cubed Atisal lof tixb€anie pizpr whide in ytileransni ssi on

t hrough the diagonal ,jf the |i has P, pol ar. zat.i on; ,and (|, rimarily
reflection from FW@%*%‘@Hﬁa'iwq %ﬁ‘ﬁé’“ﬁf’ﬁh ve,a firet sizg 3’???‘5? Pgh.“) eﬁrg%ve a
accordance w th g&haisizepr ef erred enbodi ments of these aspects, the

invention provides a nmethod for inproving the contrast of a projection
syst em enpl oyi ng at | Halftwawecplatds| anstionsheep pplarizers gagrbeclopatedihesyeen

bi xel | zed parl s2iane e T EREbMApknath obRE Blstfebubt ol fud Pl
passing the half wave plates and zero, two, or four sheet polarizers can be used in any
combination as desired. The sheet polarizers improve contrast. The half
wave plates can be used to compensate for skew ray p_olarization leakage or
can be used to improve contrast in which case each half wave plate is
30 oriented so as to convert S polarized light to P polarized light and P
polarized light to S polarized light.



10 nodul ated light to a projection |ens, wherein: (a) between the Iight
source and the projection lens, a first portion of the |ight passes through

first and second half wave plates and a second portion of t | ¢ sses
through third and fourth half wave plates, each half wave pilz eowrﬁ]aoas
oriented so 15 &% bksbsgansform S pol ari zed light to P pol ari zeg-hbhosad P
pol arized light to S polarized light; (b) befiween the |ight sglf}:rce ancf%;

of the two pixelized panels) the light interacts with two pol arization

di agonal s, the |ight haviderdaneewatt aﬁ{ewafi‘t%sﬁms Qhewe%io&atﬁfo%ﬁie's%s and
havi ng P 20 pol arlzatlon for the other of said Interactions; and

bet ween each of t PRteaLSYfiereVhichcopmaises asprdarinetion byass sbbitter efithe tynp@ | i ght
interacts with tvwg.noahapipabd QN O&Ltas%ﬁpc%lfgr 8& g Inﬁghtqg}la dﬂﬂpﬁ o?'t L 5zt on

for one of said interactions’an avin e ot er of
said interacti onss1d25fv\hes1ﬂ1tm arptregbatﬁzbm tansvbt hecﬁwpmg hghtzpﬁssihﬁlg dungimal

I nvol ves: (|) |marllyt ansm h the I f the |ight has
P pol ari zat i on aRef tom of b? F?Fé’Pa %Cf)er%étgéép S f é‘gcﬂq‘ngﬁég OPpPOgifReto
light has S p0| ar tHeafids@Bide3Ind Bt BaGOHIRBE FofWctile SPdlAdizdtitd &ﬁ‘fve?ﬂfmgt S
aspects, the inventi o Erow des an optical system conpri sing: oCT

2003 WO 00! 63738 Pigeli ayg@@md%%ox(uéye%ecpxyleawlzmamn mw@pga wehzefdar

produci ng two be f I t. h ej ves
one of said beans i zég)eaz%ir)ll o efge(ailv ﬁg{z’ P 'gﬂatt%hghﬁgges%?gq \/\}2q Vﬂé}%esgég\g/ees
the other of 5 sathe mmpnamk (Id)ceaﬁam@asﬁ‘ermdeamb@imeﬁtd bAe od deticobihed
with the opti odi nts t he  at

| pat engt ensat aor er ta
| east one Iigmi fPPE ?e% Sf% qsmayngvmtkmfsg& Bﬁplgfg%é% ezery fram the ¢ he

conpensat or, one &aedér thesPAtter Rﬁﬁ?whlchot}{e' lhélﬁrsoui'ceeand ﬁlefﬂﬂo;&hoﬂ"léﬂ"are
passes shorter wavel engt hs, and the other being a | ong pass lter, 1.e., a

filter which pass%%oﬁéfﬁjer wavel engths. As di scussed below in detail) the
invention achieves VathQalf:t?oxlagggg lvvtit% further of its aspects, the invention provides a

method for improving the contrast of a projection system empl.oying at least
15  one reflective, polarization converting, pixelized panel comprising passing
light from a light source to the pixelized panel, modulating the light at the
pixelized panel, and passing the modulated light to a projection lens,
wherein:
(a)  between the light source and the projeétion lens, at least some
20 of the light passes through two half wave plates oriented so as
to transform S polarized light to P polarized light and P
polarized light to S polarized light;
(b)  between the light source and the pixelized panel, the light
interacts with two polarization diagonalé, the light having S
25 polarization for one of said interactions and having P
polarization for the other of said interactions; and
(© between the pixelized panel and the projection lens, the light
| interacts with two polarization diagonals, the light having S
polarization for one of said interactions and having P
30 N polarization for the other of said interactions;

where an interaction with a polarization diagonal involves:



i ncludi ng cost reduction through the use of |ower cost dichroics and/or
filters for col or separation, brightness enhancenent through at | east
partial 15 and, in some enbodi nents, conplete polarization : .
hi gh contrast between "on" and "off' pixels in the |ight. trLﬁgﬂﬁtrztz[m;jdt he
Vi ewi ng screen. WQﬁh)%IBZHPESCRI PTION OF THE DRAWNGS Figure 1 is P%Tﬁ.%hﬁ??ﬁtﬁi C
drawi ng of an on-axi s Tayout of a prior art 20 proj ection system enpl oyi ng
three reflective LCD panels. Figure 2 is a schematic drawi ng of an

embodi ment of the invemtionWhk&h & YSicdd iivehers BNt boRalip i LRL am
splitter capabl e of preg?t/i dirbrll‘g ?ulnfl gg%’gﬁé?g’ti on %ecover;b/(.) Filgur e@ééﬂ%égfe
schemati c drawi ngs of an emobaizagion; ahdt he 25 i nvention which uses a

pol ari zati on beam splitter conposed.of .polarizati.on beam,spli,t.t.ing, cubes.
Figure 3 shows the |ig¢1‘§ o SRR fefgption i3 4R didgonst 2 EThens haihis tho

| i ght paths for "l eaking" pelaiiazihi on through the "illum nation" diagonals
of cubes 26A, 26B, and 28C, and Figure 5 shows the |ight paths for

"| eaki ng" pol a¥ i zat i ontDt3FCOIAFRCE WAt wqarﬁ@prpgefemeég%%mgm@pg%@ﬂm%gswa,
26C, and 26D~ Bv€ndor? (3 7B TRUSA0603E00Fd OH
illustrates an errbc()3 I P’rentoog)qtﬁ\quls %\%%ﬁzggor |clﬁ achi evgs a ﬁ?g%gié%%ctt?)élst
rati o through thesystenemployihgahleasp twbd eeflentivenpadriantid’ comverdinig, Fixglizes 7
illustrates the effect of a .half-vvav§.gglttﬁ%)e oni ent ed_at A%g gr 5.1:?1[5z @/nere
the dashed |ine sHOWe® FHEPHPPERASEREH Ip 4l SPURTE J)FDe bive Pitelizg

pl ate, the hori zopdrls, axodulatinpshd HehPsd el that piRelifdd gdield, A@idderbing thlt

and the vertical axis, shows the polarjzation of the transmtted |ight.
Figure 8 in cHhbimatnrigtedight tpaprajectionans wherakr at e the manner in which

the layout of Figure QaPChib@WecenatHéil%ht%PﬂfJeaﬁfd t'h%tﬂrgjecfigﬁ %%{s?%iﬂr)ét péiion

reference nunbers are not shown in this figure) but wou e sanme as
those of Figure 6. Figure of hedightopasaes through &ifstidnsl sacbod balfiwasf pleiggure 6

wherein half wave plates are,used only at t kNt er f aces, bet n.ihree, _
rather than all four, of tﬁgd&ﬂ?@%mi‘]rﬁ%t}?é‘ﬁgﬁ?héthF%%eF;gf?W%&%%%litter
of the 15 invention. Figur é&ukbh hhifuwpdveaslatespeachiinddivi®siplae Heley brisevatlison
whi ch enpl oys, three liquid crystal _on siljcon _deyices (i.e., three S's).
Figure 11 il I]Lf’sft rates col of® %H@F‘&f?ﬁ%PP%WF@S—‘B&F%EPO&%%IQ‘W%J_ he
enbodi ment of Figure 10. polarized light to S polarized light;

) between the light source and each of the two pixelized panels,

the light interacts with two polarization diagonals, the light
hax;iﬁ'g S polarization for one of said interactions and having P
20 polarization for the other of said interactions; and
(c) between each of the two pixelized panels and the projection
lens, the light interacts with two polarization diagonals, the
light having S polarization for one of said interactions and
having P polarization for the other of said interactions;
25  where an interaction with a polarization diagonal involves:
1 primarily transmission through the diagonal if the light has P
polarization; and
(i)  primarily reflection from the dia.gonal if the light has S
polarization. |
30 In accordance with still further of its aspects, the invention provides

an optical system comprising:



20 The foregoi ng draw ngs, which are incorporated in and constitute part of
the specification, illustrate the preferred enbodi nents of the invention,
and together with the description, serve to explain the pri n‘zi @@?{ @@Uﬁhe
invention. It is to be understood, of course, that both the draw ngs and

t he descri pti onwglegsei®! anatory only and ar e gnot restrictive etriuBéodsss
invention. The reference nunbers used in the drawi ngs correspond to the
following: 1 first side of polarization beamsplitter 2 second side of

pol ari zation beam spl i) er a3ldritdtidrbsde 8pRite PRrProdadihgiwbdamhsft ter 4
fourth side of polarization beam sputter WO 00/63738 ~'7 0 CT 2003 _ g
_PCTI US00/ 09566 Bpiariged Ligktion beam splitter-6di agonal of polarization beam
splitter7di agonal of ari b OF i ; el 9refl ective
LCD10Ored reflective L 129raz(§%ﬁ&&ﬁ%g}‘§/}§uﬂ &%Zﬁsﬁ%e?ﬁ}s?iéﬁﬁa\%Llel i ght
sour cel018convent i onal(cpol ami apatcabpatheangidptanpansgtarkich pRSivesdidiextber of
cube22proj ection | ens26Apol ari zati on beam splitting cube26Bpol ari zati on
beam splitti nfcuﬁ?éi%ﬁ%’éﬁo?% i zation beam splitting cube26Dpol ari zati on
beam splitting cube263gyal lat Bstls8bhé Eehofilteeamosited Witlgtlpudpezal batiglngth
pol ari zati on beam splitting cube28half wave pl ate2030sheet pol ari zer 32red
reflective LCoS34¢mRaNspER| ective LCoS36bl ue refl ective LCoS38col or

di chroi c cube (dichroi ' i t.ar (¢TI NP TTalols Rle@ir®et 1 ON
| ensDESCRI PTI ON OF TH&S%@E@%&%%?MA%Q%%Cf}ggseéﬂabg\?gf,brt ﬁe pr esent
i nvention provi desghipfilteralonsoppbeits sides of thenonipenshtart oneeb¢iGDw shagt Ragswn i n
the art, the Jon".pixels of, such30devi ces change arij zatio 2

pol ari zati on ]aoﬁd ff!;I%?J"(.’JII}’?ﬂ”i ‘?ro‘ﬁﬂ’tc pgsses Sim’i'peﬁ ‘%“Fﬁ:‘f%gs\% eégl?%rgbggg a
PCT/ US00/ 09566 pdbagipass fitey, iwhid Rltbh@hidf fassed oaksr Wwaavlengtis. pol ari zati on
of the incomng |ight unchanged. Reflective LCDs of various t:%/r es .now,.known

or subsequent |y devel dediseuredeloscin 4%a5£1h@eﬁf‘§"c’ﬁ‘%aﬁ}?1§‘(??ev nlﬁnﬁﬁ_.ts

More generally) tfag iﬁgx&@&a&;&fmhﬁ?&ug}?% Wl dF 1692 E6st d¥chroRE hdBioEat i on
converting, pixelized panels of any type, whether or not a |iquid crystal
material is used filbexadbr enler separptibmtirigiithess extfimmngementthrongh agfeast partial

descri ption, e LCD.nonencl agture is enplpyed .t hr hout I .
speci ficati onlfgqi t2 e §OUA TS 6‘88“?%8‘%?% ° Bglgr%gﬂg R coﬁ%ﬂéﬁa&da]?ﬁlr]e is not
intended to Iim teohbrist Boteeedf "ohlh@nd BoffnyieBlsiinnhe lightyratdynittético ohe i cal

systens of the invention can be inplenented with two or three reflective
LCDs. The pol ari Z48VHE ¥e&the i ncoming light for the LCDs can be the sane

(see, for exanpl %RﬁEW&@RIP’TI% Jeteni peegING®y exanpl e) Figures 2, 3)
and 6). 15 In the case of a WO system a color wheel is used to
produce a full col or iFiegee 1 isa schemsdtic dnaswing of anga-ayisldyopt pEa prioriRyt based
on green lig W t .he caonventional nati et Ltensities of the
primary col or%o, b@rﬁ%cﬁ?)&%&g%wg%ﬁﬁ E}K(Q,%g?fgﬁckl\g?%b% gng%broach for a two
LCD systemis to use tiguef2 idwsdHeraticodrasvigg efan ebrbodéhentof theenedritéon LCD
in 20 conmbination with a color, wheel for a red/blue channel. Thjs ,approach
results in a | ossviichempleyson dyal chanmslpolasygatipn begmppiittay cargple of 500, To
mai ntain the desijy86ids 1 @kyhite light on the screen, the
red/ bl ue col or eel glgénﬁi{ nﬁcﬁgglgﬁg&g?%gn l?’}A’Int_er to capture some green col or
fromthis channel . Al tRgwasid/@hye scheowdtiordraings efan pmbpdiment{iBe ween t he

25 light sourge and the Lari zation heam spl attef.. w L‘tﬁﬁ%lmﬂ{t
operating in Tul |POEgptagn 9’?‘?@[%%?8 aoqor]gtn atI1 %ﬁ’%esﬁglt%%gxgggge%ﬁl ective @s
can be used, al ongav EpliteiHg UbeSDMgELHEROWs fhd Ngivt patils dhatlerehteothe mrrors

and/or color f"alters to produce the red, green) ag.d bl UF channels. I.n such
a case, one of tH&age, Bigwre 4ahewsdha light pathsier Aeaking’ selasizationshzeyed the | |

rod and blue 1 reRpHiREE R G Bkne6s P MM o RElduR T MRRR 1 e
Wien a dichroic [thedighit patisefbr 'Rakbippolaridationr thdoaghe thy limagiegirdihgonadsof

opti cal ath |l ength conpensator_ is_preferabl included in the
P P 30 %ulges ZgB, 268, and 26D.p y




green channel (see, for exanple, Figure 10). Wth the foregoing general
description as background, the invention 5 will now be nore fully descri bed
by the following non-limting exanples. Exanple 1 A first ex

enbodi nent of the invention:is shown in Figure 2. This enbo&l?ﬂb@traﬂ%s:
(1) polarizatiogohegimsplitter 5 having sides 1) 2) 3, and 4 pafyshoagepal s
6 and 7; (2) Iigﬁt source (illumnator) 16; and (3) 10 reflective LCDs 8
and 9. ‘As shown in Figure 2) light having S-polarization (continuous |ine)
is reflected at each dFi%ElPé‘@'iHuéﬁ‘f;ﬁtg?ah'eﬁﬂ’ﬂod‘ﬁﬁ!hﬂ@ft%'eﬁﬁbél{tio%ﬁ&rhib’h ddicves
line) is transmtted through eac ragonal . In this way, conplete usage of
the |ight enittedhighoontisst ratiattimaglothd wseaehha{waye plates oxigptedmd| 4 9% at i on
recovery i s achi eilg%. 15 In particular, light having random pol ari zati on
fromlight source "is separated into S-polarized and P-pol arized |ight at
di agonal 6 of pol ari zaFigare Peluetsqds tied effect Dlie Lalfrohes plast brianted atefi et ed
from diagonal 6 and after second ref]ection fromdiagonal 7 illum nates
LCD 8. Light rf| &83'cuhenedhe dgnbecpline plove tk%ﬂér%ctmaﬁggg?%ﬁ% slow) A Gl
become P20 pol ari ﬁf'edplla}:é%’ Rhe ?YGhE&htEP&ﬁ‘s’%h&»% eHOPoKrRaapAbEtHe RRmict HRHt,
enters the projection lens (not shown in Figure 2). Light reflected from
"of f' pixels doesambthehenizel wdk ahowathopolaridatiom of the transraitteddlighick into

the illum nat 16 by di ls 7 . 6. .Pr [ ' f t j :
sour ce. passes. 1 hi ough HEAoRAF St agon wih AAYS T Ehd BIAEORaHE gl in
reflection from t®aichothe 1ayoutlof Fagurkeld scHiékds o highRoptlaat fatéd Fomdlarichanges
its polarization to becone S-polarized light, This Ijght reflegts from

di agonal 7 antf af¥eference auphers ave ratishawnrindhi %ﬁéﬁ?nh&t %’O\éﬁtl?sﬂr@wt%éne as
projection |lens. Y ted from"off' pixels of LCD 9 does not change
pol ari zati on and ﬂoggnggécdtrg "back into the 30 illumnator. ~70CT
2003 WD 001 63738 _11- Fignre/$4b00956@riitionrof she embedineentiafddgursf wheraigr een,
the system can us col on _wheel on, il.l um natj ] arigdalb

beam opl 1 tter 5. B afts iolP §% pRik gy AR RE LIPSl torkelh (RS HAEE L
e.g.) a green LChaldfou| 6Btk dvbes Brikide@ap $hé pblaeizatiod beenh spidtdy aféhe CDs on
side 1 of the beamsplitter, with 5 the red and blue S-polarized |ight

bei ng separat¥d WdVBBHANcol or di chroic cube (dichroic prism of the type
illustrated in Figure g@,a0¢ fdiigriessn REIVRWImbR O the ihvshtidnwhicBldngslaps be
cenented to polarization beamsplitter 5. Aso, field |enses can be used in
front of each LCDhree Hiauiderystal b silicon devices (hethyee &C02H-i on beam sputter.
Again, if desired) these f] - AehablsZet tigh
beam splitter. Advant %‘gé‘;éoﬁ ﬁ}]des‘i{:%%gf%@%&?gﬁgﬁg}ﬁg‘uﬁ%eg&?ncI ude:s (1)

bot h pol ari zat i onembéditdentlof FigurbrlOm t he il um nator are used which

i ncreases the brightness on the screen; ), the.systemis. conpact...and (3)
the system 152(£i gni fi g@?ﬁ&'}eg%g %@@gg?’h‘égﬁgla&?ilﬁ%qrp%rﬁt%cﬁq rg%ﬁor%i‘mﬁ%e '

pol ari zation beamysmloftheEpaititabion)VilRReraké e fRITEIrad embddiniéntsof €l si nce
i ght passing fromthe illumnator to the LCDs interacts wth the

S | he . .
pol ari zati on bearinygpntionrand weathenavith thy descaingion; garve saexplam the RidRsriese
LCDs and the proj [ : ' ' h 2000 e tdih §Enes20
This | ast advant acgtcetﬁiggﬁv%gt%ﬁ' Iaftﬁzﬁda?éegﬁg%?%\g’ %&%gﬁﬂggﬂumri gal exagrrpl e.
| f one assunes t hatd A% désctiptionare poplanamay ionly dndare oot respicttesofdhea LCD
w Il leak through a di.agonal, then by interacting the wongly polarized
light with a £ecom¥edtaBonal the net effect will be to reduce the amount of
wrong pol ari zati on reaghi Affelelife AGHDER 1P Lindidrawtngs QrR2BeRPtstiRS 0. 0004
(or 0.04% . Accordingly, t ee sy?stem o?s F?egurne 2 can rgeduce tghe need for
addi ti onal pol arifollowing enhance contrast.

1 first side of polarization beam splitter

2 second side of polarization beam splitter
30 3 third side of polarization beam splitter

4 fourth side of polarization beam splitter



Exanple 2 Figures 3-5 show a second exenpl ary enbodi nent of the invention.
This enbodinent is of the general type shown in the first enbodinent with
30 the follow ng changes: (1) the enbodi nent enpl oys pol ari gﬁzl ?m:ﬂ
splitting cubes 26A) 26B, 26C) and 26D; (2) the enbodi nent IQ& S

~ 7 0 CT 2003 YQo0gi83738 _12. PCT/ US00/ 09566 pol arizers 30 bgi¥R&mstdee
adj oi ning faces of the beamsplitting cubes;"and (3) the enbodi nent enpl oys
hal f wave pl ates 28 between the adjoining faces of the beamsplitting
cubes. Figures 3-5 shaw t hgolarBRtioRPehf &Rfttd?- and S pol arized [ight from
the 5 source of light 16 through polarization beamsplitting prism5 to the
projection |ens (not $howndiagonpbeferdlarjzatian beam sphivter cul ar, Figure 3
illustrates the propagation: i .Om. "ontinlxels of the LCDs. As
di scussed above, V\heng?n tﬁlea(gpghi'&goé{ug,%}]tl@gﬁiﬁggﬁghées t he pol arization
of the reflected |ight8 It refectived.GI2fl| ected |ight that creates the inmage
on the 10 screen. Fi gtbre 4 shows %effect of pol arization |eaking through
the illumination part “of pf¢ ye n a small anount of wrong pol arization
passes through or reflj@ctsfd fNdctife djcaygonal s of the prismand reaches the
LCDs) this light will be reflected from"off"' pixels (no change in the 15
pol ari zation) and wi | 112r eagreeniefleetivechCDrhere it will reduce the contrast
of the system Figure sh >f f of pol arization | eaking through
the i magi ng part of prllism gmllteggﬁﬁ%se gg?e) ill'um nation light reflects from
"off' pixels of the LABs. lighsssmcanount of this |light |eaks through or
reflects from the 20 gi agonal s of tfe pr,isn%}b'kt Wi Ih r.eac t{j&@cr n and
reduce the caftrast. dfleet Cojpeationalrolagzation pear sptting gyl ? FYRfHi nati on
while still allow ng i2gagi Rglot ket to reach the screen as follows: (1) The
sheet polarizes between cubes A and B is oriented to transmt P and absorb
S polarization. It w |42 trBrestionlans 25 useful |ight (Figure 3) and absorb
unwant ed |ight betwee ub i 2) The sheet pol arizes
bet ween cubes C and DQiG(sA oﬁ@gﬁzg@%geéﬁaﬁg{%ﬁf@@%&nd absorb S pol ari zati on.
It will transmit the @68f upolarghtiof begnrsplid)ingedbabsorb unwanted |i ght

between 30 Cli%es c an%SB (gtl)lggirzgtigx)l beam splitting cube

26D polarization beam splitting cube
26S small polarization beam splitting cube
. 26L large polarization beam splitting cube
28  half wave plate
20 30  sheet polarizer
32  red reflective LCoS
34 green reflective LCoS
36  blue reflective LCoS
38  color dichroic cube (dichroic prism)
25 40  compensator
100 output light to projection lens
DESCRIPTION OF THE PREFERRED EMBODIMENTS
As discussed above, the present invention provides optical systems
for use with reflective LCDs. As known in the art, the "on" pixels of such

30 devices change S polarization to P polarization and P polarization to S



~~0CT 2003 W 00163738 _ 13_ PCTI USO0/ 09566 (3) The sheet pol arizer
bet ween cubes A and Cis oriented to transmt S and absorb P pol arization.

It will transmt the useful light (Figure 3) and absorb unwdgnffe ifg
bet ween cubes A and C (Figure 4). 5 (4) The sheet polari ze\rAqbZt Q/e%;lr ggggs B

and D is orientggdoRshansmt S and absorb P_gpol arization. |t ptisooigosggsm t
the useful light (Figure 3) and absorb unwant’ed |ight between cubes B and D
(Figure 5). Half wave plates 28 work as conpensators for skew ray

polarization 10 | palksiggtiod hehdOmeRsRpiQls Fachahé folapizaribdod tihyinchases
plates is of the general type described in U S. Patent No. 5,327,270, where

a quarter wave pl glat upghiagigedor ks in a doubl e path, is used. Half wave

pl ates are used in priﬁ{)ﬁee%tx‘?rg L@@%5ﬁ§aﬁﬁ)'u§t§%&c§o& Iggol\,?%;}téyggé%egg es once

through the interfaces tween cubes and npl e For the
| ayout s of Fi gur edelared can eeededrin¢hé praxttize fof tlemoweotionodaere deatyadbnthe 1)

the projection | ens and an LCD, i.ch e .l ocated together on side. 2.of
prismb5; and/ of (%)VePﬁaniCPﬁm%wi%@ %gﬁ‘?’é’rﬁ)&aré@tt ,OWftélP'F’é’tuée%IZSQat ed
together on side gamdls Bf astype, Aethdrivridt @4a[U afpstaIBatiriEng uedd tdhe

invention shown in Figure 6 can be used to elimnate this interference

wi t hout i ncreasi nachiene dienolemization ¢hangas Foneasaef descypian, thediid i gure)
LCDs 8 and 9 have real:esl Of j
where the proj ect?%ﬁggﬁgaﬁ?ﬁﬁrﬁn&g’a |§§h;sc£/“g}1&enrlrgag? gﬁ%ggﬁ‘%ﬁ? 1€%e1%1ﬁgm§|5ias§§3%f
the prismthus avtlialithg uséef thishbmendhat? iswohartendéd talmitf greewope ofAhe

di scussed belga/v, I he enbodi nent of this figure also achieves a high
contrast ratit. AQVERUPRINBRESHYrent of Figure 3) half wave plates 28 are

used in the enbodi MentTRY ofti@¥ EPstbmsBRLHE Invehtibn ¢8AIbergiphérabniENiItR 88 or
however) these half wave plates have their fast and slow axes ori enhg%ﬁtdo
control 30 pol ar i #uee seflagkire ditIds. chhepelarication ok the incoming hght for the | f

as of the 17 GEPSBBA 6Bh ek i s PO he (e Brlr Sk Ry
horizontal axis oFigtiregu®es,6nd/. shown in Figure 7, this orientation causes
crh Pl g O, aeaBlane,of JSLR £k okl S s iaD e
full color image. As is well known, image quality is mainly based on green
light, with the conventional ratio between the intensities of the primary
colors being R:G:B = 30:60:10. Accordingly, one approach for a two LCD
system is to use one of the LCDs for a green channel and the other LCD in
20 combination with a color wheel for a red/blue channel. This approach
results in a loss of light of only about 20%, i.e., 0.5¢(30 + 10) = 20%. To
maintain the desired color temperature of white light on the screen, the
red/blue color wheel can include a green filter to capture some green color
from this channel. Alternatively, a color wheel can be located between the
25  light source and the polarization beam splitter with both LCD panels
operating in full color,
Instead of a color wheel, three reflective LCDs can be used, along
with one or more dichroic prisms and/or dichroic mirrors and/or color filters
to produce the red, green, and blue channels. In such a case, one of the
30 beams produced by the polarization beam splitter will be used for the green

channel and the other beam will be split between the red and blue



5 through the first diagonal of the prismw | be P-polarized and wll have
a hori-zontal orientation of its polarization plane. The angle Y between the
direction of polarization and the direction of, for exanple, the fast axis
for the half wave plate is 45. As shown in Figure 7, the hjl7 B&¢E

will rotate th jzation 10 direction through the angle 2

case, the pol aﬁyggb@(’;#di rection of I|ight whif% h passes through/c}‘[hgooha%ﬁg
wave plate will be oriented vertically, which corresponds to S
potarization. By HARnSRIMYHESBRLSA): 1210 iPhiditl APaithtbdho k8 hﬂﬁ'b‘lj@é‘t on a
half wave plate is transforned to ;Pofarlzatlon upon passi ng rou

hal f wave pl ate. chanhelst hnsptnaa/l)palth@éﬁgth&amlpgn&tpohsapreiataibbnmchidedonsthérom

t he di agonal of a rlsmon and onl on.its way between the | anp
and a LCD. Siml & ?/I}CH“?‘Q'FP?E(\T*?% BF*Y mé’@ﬁ &F*F&%tﬂan reflects fromthe

di agonal of a prism owgRh(RE%he Mg%@ﬁ&)al QBsdriptiottys Palkeesing th€thwiidionhe
projection | ens. Conventional PBS cubes have a high extinction r atio for
reflected S | ifghtwilzepw be moraépubdemxbedwygbeéo}l@rmgﬁ@nshmﬂgng examples| ect ed
and only 0. 2% passes through the di agonaIEx @I j@1result, the configuration

of Figure 6 achieves a very high contras etween on pixels and off
pi xel s. Figure 8 and Baﬁtsi&xém@tﬂy%mhddnmbnﬁ@fethhum&ﬂtnmmsjimvsuanrgute Batio

is achieved. As Qwn rein e es ed ri zati,on efficien
(contrast) 25 of sﬂH%eE’t}@ﬁ eIFP ﬁ?e La n% létt‘f%%ﬁ‘a?g‘(ﬁséx?l
cal cul ates |ight 4 ntgng '4tdrﬁ5d1faeén£§‘b3én‘anﬁ (Q)hﬁémeéonurée @ummm@aor)awwda(e;d
with LCD 9. The calculations for are identi cal gi)lpél n practl ce,

contrast ratild ofreBegsivexd-Gls | %ndﬂloA& Sha‘gnbé@hg‘&rﬁp%rh MW%/ ﬁ@k@éﬁaé’d’nf or
a pol arization b t t re 6. 30 As
in the enbodi rrent?%%tﬁﬁlouts Ifle ?5?5 r{éﬁ g%ﬁﬁlge Bég can useo}g?n t he
enbodi nent of Fi @dea&zanon Iﬂﬁ)j’okaﬁdinb)”lﬂ teamdm A sd ﬁfrougﬂeeat;lsdmgona‘lhdn this 7 0

C T 2003 WO 00163738 .15, .PCT/ USO0O/ 045 t.at hee
pol arizers are sd&l%FOYPEieBaee 9 ?’1?6 &aﬁ 2 gﬂ%ﬂ&m&ﬁ%éﬁsﬁ S‘Fﬁved’rhe

particul ar orientat,ifQl pekadzation refReP s svhixdedt her the half wave plate is
| ocated before or after the sheet pol ari zes.. The sheet poqglarj.zers can_he

omitted to i A8rease t FePRrigeular, light haswmgsandam B’l?‘@%@%‘l Ergg light gqparee 16

pol ari zati on coa / i entation
of the half Wavetlé F‘%tagétetgﬁ g&?ﬁﬁ?@eﬁ aq{ @o%ﬁiaegtr&}ﬁ%rﬁgé emlgqgur e 9
illustrates a varpnhinza:tuonfbeiahes;dltmcﬁ nEhe SefolErigatien B reflecteddromalidgonal 6

pl ates are used only at the i betvveen 10 r n al |
four) of the cubé’?drﬁ; rrﬂgsﬁﬁﬁn{lﬁ%{eﬁg‘ %ﬁﬁ?%h%ﬁ‘éﬂ"ﬁ?@i‘%ﬁgt %‘égah

i nvention. For t héflectédadinM R pixM ¥f LED @chﬁlgﬁﬁ\p@ﬁrﬁi@fmﬁoﬁ)eﬁmbtﬂ on in
Fi gure 3. Ty ically, nmechanical interference wth a system pr t| on
lens is nore Qf Q%ﬁ*%fié’fﬁhﬁhﬂﬁchrﬁé%ﬁﬂib’é’l“gﬁlrﬁlég?r@r%ﬁ@é‘d\/@ fRe & E")f]

l'ight source. Theg,.ba%9dH 1 E(Eb 9‘6‘%%“? %h\é\/@@@ecttgu ﬁowv'gthnﬁeﬁscase
and when a | ower contrast eve can e tol erated for portion of the
modul at ed | i ght. dessngt chahig¥lpelarizatiediangl thvisaslrefievted hackeinte the illyminaten ed
with two LCDs and.thus can bﬁ Us with a color wheel to create a col or

i mge. 20 The |a38 @ﬁ% A g‘gre 10 uses three LCDs (red, green, and

blue)) which can be cPr@Rigshtih bR t‘hlé'liighft%6@ﬁ:eqfas§éb9tm6u§lﬁfﬁlagbﬁars€6)&@diUCe
a color imge_on the screen and does not require a_color wh t@bqkﬁpbp
ilter

are preferably orndibuminggtes LEL) 9t eﬂfteén'eﬂwti%ﬁoﬂ@ﬁé‘}mt pize! S

conposed of thin ri s
in front of eacht{%grﬂdlgﬁr?%d\s/lll e%@%ﬁg&?ﬁ& ﬁglnag{ekagﬁg té%legé&ﬁé%’f ty _%%% ﬂ? lﬁnﬁ;
three channel s. Hhsolight R,ﬂ/e&sffbdmelﬁagomral bemdlaftath sgcond erefledtent om bet vveen
di chroic prism 38, and POl ari zation beam spli r 5 Th red, aﬁd bl
are preferably | 8iago8al £ entare the PERIecHIn 16H5c eﬂgﬁa gPee* |s |n
e e hoLar} D 9eE0 AR Blanel Hofardlh i ANDRTRALcRH 1R lﬂeaethteo i ncrease
the I um nance efficienc stem by overlapping of the spectrum used
for the greeBOchalmminamrh t he



~ 7 0 CT 2003 WO 00163738 16 PC T1US00/ 09566 spectruns used for the red
and bl ue channels as shown in Figure 11. Wth this layout) green |ight
"knows not hi ng" about red and blue |light and can be filtered i _
desired color purity with | ow cost absorption or reflective n‘t I7t if@'ﬁﬁ%

addi tion, dichr@jgRsisgm 38 used in the RIB gganmﬂ can be of PE?@F%/d?ﬁyter

sl ope type, thus reducing its cost. As discussed above) a thin

can be used in front of ‘each of the blue and red LCoS's to clean up any
residual |ight of the T6enrat&Rkor WHhE0HEhS serBEQUAB shitentléLh & & csorgonal
of dichroic prism 38. A conpensator 40 can be used to nmake the optical path
length for 10 gr e®¥hepl gnilluninatiansidel I of radarikation berm splittenp. gdtearnptingtyhs
for red and bl ue i r r W ' -

filters, one on egﬁc %{ﬂ@cﬁ%ﬁfg@%%&gﬁ%tﬁ%@@?ﬁﬁ.g.,Bgsrjesénf ?pﬁ ewglggv%)%fethe

ot her of which i shéamg@gppities ahdlrédand dbud h8Dstdnedide ¢ ofithanbdamBplitteeswahgr een

pass filter. ing t filters, of this type.is |ess expensive th using a
single green ;‘issgfq Hyeul‘)ieﬁ'n‘i }i@elsﬁ’pﬂ%’é‘??‘g]dggtt%ngéﬁb%r% BF0g Arfolpy ‘ﬁg}b‘loé‘"ced _
with a second di chiRd @idHrbRPrdd o thOWdeIkERat&PR PRuddigdnh Aisigtam This
fourth LCoS can be used, for exanple, to Increase the anmount of blue |ight
whi ch reaches theb&leween. See, for exanpl e, Figure 2 of Japanese Patent
Publ i cati on No. 10-25 : 0 ve. i LU & 1 t he
pol ari zati on beam spl i r?ﬁﬁg%géésigyﬁ “1‘%@5‘%‘* %ﬁ?%‘g?@? B%%%g?%ﬁgg%ﬁo&r%gtfce
the optical path 5hAdeglfieldlenpss camieyisdedrin fitigrofiehtls LICD thodeeredseahsisiiesofof

pol ari zati on am.,splitter..5 have a. stepped, rafher  than flat

Nt gur at | oril NottE Ralaizatinn GOV selitver okgnins Hefraired (heoe Dol abernhe o
and 7. 25 Al t hougdensdified kb ehepRIQF LB Besth shlieteknventi on have been
described and illustrated) it is to be understood that nodifications can be

made Wi t hout departi ngAdveningeseofithe eonflawration of Figura2dnsladpe (1Fbetlexanpl e,
al t hough t he use s i ri C i . d
in Figure 10 for lgﬁg%%%&n‘éﬁg %5'P§§)ﬁ§1nﬁlnev@n .o%@%&%@%@%ﬁ%@‘%? %%1% 30
approach for achileuglngpeas dnkhe sovéar; (2nthgesystem ecomspattyarid(3nhe aysteml 1

enmbodi nents aqf. the invent.i on. ~ 7 0 CT 2003 001,63?38 .17..
PCT/ US00/ 00566 A &M pptiy ingiesnes the pplarizatiopsihicacy 8&%@%@?2@%&!@98% om

the scope and spigplittedfarddi@roliNes RigiP&bnttddt oRehe\serRRAtsif@ ug?fﬁﬁ@gi_n@ffmm _
ordinary skill in the art fromthe disclosure herein. The follow ng clains
are intended to dbedHupripatepseths kCPaputeraetsiveith the pelarigatien bpamasplifkaris as

such modi ficati ongggcha@tRk'a38%ight BdsSAE DEAKEM the LCDs and the projection lens

also interacts with the diagonals twice.

20 This last advantage can be illustrated by the following numerical
example. If one assumes that 2% of "wrong" polarization from "off" pixels of
a LCD will leak through a diagonal, then by interacting the wrongly
polarized light with a second diagonal the net effect will be to reduce the
amount of wrong polarization reaching the screen to 0.04%, i.e., 0.02¢0.02 =
25  0.0004 (or 0.04%). Accordingly, the system of Figure 2 can reduce the need .
for additional polarizers to enhance contrast.
Example 2
Figures 3-5 show a second exemplary embodiment of the invention.
This embodiment is of the géneral type shown in the first embodiment with
30 the following changes: (1) the embodiment employs polarization beam
splitting cubes 26A, 26B, 26C, and 26D; (2) the embodiment employs sheet



1 7 0 CT 2003 WO 00163738 _Ig_ PCT/USO0/ 09566 TABLE 1 Typi cal Val ues for
the Pol arization Properties of the D agonal of a Polarizati on Beam
Splitting Cube transm ssion for P polarizationO.8transm ssion for S

pol ari zati on0. 002refl ection for Polarization0.2refl ection foer S_Oﬂ?g 803
%d‘r 0/09566

pol ari zati on0. 9 B 2 Light Intensity at_the Lettered Lo
Fi gure 8 Light Loca{| ONLCD is "on"LCD i s "off%SPSPAAfter the source o
lightll .11BTransmitted t hrough di agonal 0. 0020. 80. 0020. 8CTransnm tted

t hrough hal f Wavegglla?itz@% b d%=8ndfe gg%%%%g%g&%gg%mggh&%ﬁcubes, and

di agonal 0. 80. 00040. 80. 0004ERef | ect ed FTransmtted
t hr ough di agonal 0(BEh6emb40ieitcim Plos el reneplatea@STutwegh thahfljoiwing

| at e0. 640. 8E- 60. 00D320 g%%%HRe%é@?’t ed fbrom

di agonal 0. 640. 16E50° BOGSAF2FBRLTREA PP ght from the prisnd. 640.00064 17
Cctober 2003 -19 CLAI MBgutes $5R0b& thealdh®Dbear Toakhd Srpolerizdddighitifsém the
second, third, and fourth sides and two pol ari zing di agonal s, said

di agonal s i nt eb sesayrRgoBkisht Hhthrangh sslarggtigndispm SRIHLIBEI IR GriRdR? i ¢ about
each di agonal, wh e PN ' I : i i i | s lsects from
each di agonal andﬁfcﬁ%(ﬂ%olnﬁg@% %o@%lﬁ%@ﬁalﬁtgg%e?%%&%yl (r)rlglrl lj;t/ﬁtﬁ¥d§hgl u?é 3tehr ough
each di agonal . 2. illtiséraped trel prapagatideaihigdufrerthef o) pikels bf the LEDS. tAre

first, second, third, and,fourth sides are substanti.al flat. 3, The.

pol ari zati on beanii?ﬁ\’ffsfgrabfﬂ’e'@' Byt _ 8?ef%¥?’ﬁéeﬁ1¢@f%‘gg%e@§&f8 ,po}a}ﬁlzragl,onand
fourth sides are sftRetlectéd iEhe ROkahisaafleoddRRNtEMdregtesthe Gndgd oA the
wherein the splitter conprises four polarization beamsplitting cubes, each

cube adj oi ni ng!t weFrééther cubes along two of its faces. b. The polarization

beam sputter of C ai mg. whe) e ri i . (R fdbes are
all substantially the Igi ne %lgizlé% g’?e %)%e&ﬁg?’gﬁa#{z}g%ﬁgggg%%gﬁéﬁl@t er of daim
4 wherein two of ilheninabies phatef pridmBsstWaena small amwuat of weongipasrizatien a

second size. 7. The pol.arization.beam spl.itt.er of im6 wherein the.two
cubes of the fi rs{’a"‘?gi r&Pgﬁl%Eﬁ@"ecgs g?iobtﬁg’eo‘afégﬂ?%}égﬂgfe %’i’i%mtal“’éle’ie\%ﬁecsu%lgs of
the second size aLEDsOlAs Eghoill de rBfecdéd SonfI0Pitdls (fb chidigedalthei zat i on

beam sputter of C aIi m 4 further conprising a sheet pol arizer hetween thte
adj oi ni ng f acky opolarzationyrand,wilkrassh the screen, where 1t will reduce the contrast o

the system.

Figure 5 shows the effect of polarization leaking through the imaging
part of prism 5. In this case, illumination light reflects from "off" pixels of
the LCDs. If some amount of this light leaks through or reflects from the

20 diagonals of the prism, it will reach the screen and reduce the contrast.

Sheet polarizers 30 suppress this leaking illumination while still
allowing imaging light to reach the screen as follows:

(1)  The sheet polarizer between cubes A and B is oriented to

transmit P and absorb S polarization. It will transmit the
25 useful light (Figure 3) and absorb unwanted light between’
cubes A and B (Figure 4).

(2)  The sheet polarizer between cubes C and D is oriented to
transmit P and absorb S polarization. It will transmit the
useful light (Figure 3) and absorb ﬁnwanted light between

30 cubes C and D (Figure 5).



9. The pol arization beamsputter of Claim8 wherein a sheet polarizer is
| ocat ed between the adjoining faces of all four cubes. 10. The pol arization
beam sputter of Claim4 further conprising a half wave plate between the

adj oi ning faces of at |east three cubes. 11. The pol arizati og ‘}be 'F gr
of Claim 10 me{v%ioﬂxﬁ%h hal f wave plate is oriented so as t pg?gg)&ot:%@

polarized light to pol ari zed |ight and t o-kbnvert P pol ari ze Ilg('u to S
pol ari zed Iight. 170 CT 2003 WO 00163738 _20_ PCTI LJS00/ 09566 12. The
pol ari zati on beam spl idgf er Tofedhlal P1dHLH54RE %Qﬂ%%%ﬂ%%pgﬂh&%d%! ari zer

bet ween the adjoining faces of at Teast two cubes. ] arization
beam splitter of aim 10 WeersaiihSanladifsonaleomtatians It wilktehsbdt teen t he

adj oining faces of all four c S 4. Th o] ari zation be tter of
Clai m 13 wherein each hal f %@Zﬁﬁpgg%g\‘%e @r#bdn?a%ﬁ?rg(‘jln&'san?%&‘g]gﬁggﬁw%n

pol arized light to P pol aricgbés Aia@dtC amgutoqconvert P polarized light to S
polarized light. 15. The pol arization beam sputter of Caim 13 wherein a

sheet polarizeét is | od4t ed ThersheehpalaezerdyasvapngubescBandsD ag eriented teupes.
16. The pol arization beam $pufs f ' N8E L COPREN § gichroic
prismassociated with a porti o@%?%nﬁgbt%h}cﬂr%p&?qd%;%n% an o?)?’ildg}gfxﬁ%at h

| engt h conpensat or associ atueefuldight éFigaret 3)cmdodbsphle uhwantéd HghiebetweenThe
pol ari zati on beam sputter gf Clgi mdéiﬁéi”” her conprising two reflective,
pol ari zation converting, p ¥eiiBas FE&Ysociated with the dichroic

prismand one refl ect iH4f waok pldtasR8 Hork @8\e8ipefigatops folske®tragaiddrization
associated wth the optical path | ength conpensator._ 18. The pol aritzﬁlti on
e

beam spl i tt erlbf leakage. (The coampansation meshagism providediby Haeseplatesdap
associated with i Qi j ' ' '
associated with de%%?%litgﬂe g%s%rﬁgd?.gl}%? hpéfé éﬁ%g@%ﬁ’?qgg@?‘f%??gﬁg g%%b
splitter of d ai mlag, fhicthworkwima deublg phtly is @béd cHalfoyaypoplatewate used in

converting, pixelized_:p | s asspciated with the first dichroic,.prismand
two reflective, pgolar iszog[tﬁ%weééﬁgw?ﬁb‘fwﬁ&%’ﬂ?’f@&“ﬁa‘f@%%% ctlhgt ed with
the second di chr dnterfides letwdbn dvbe9 B B; @, agd.em conprising: (a) a

pol ari zati on heam splitter according to CQaiml; (b) a |light source for
providing li to a portion of the first g

For the layouts of Figures 2 and 3, mechanical interference can occur
between: (1) the projection lens and an LCD, which are located together on
side 2 of prism 5; and/or (2) the illumination system and an L.CD, which are
located together on side 1 of prism 5. _

20 A third exemplary embodiment of the invention shown in Figure 6
can be used to eliminate this interference without increasing the size of the
prisms. As can be seen in this figure, LCDs 8 and 9 have been moved from
the front and rear sides of the prism, where the projection and illumination
systems are located, to the sides of the prism thus avoiding the problem of

25 mechanical interference. As discussed below, the embodiment of this figure
also achieves a high contrast ratio.

As in the embodiment of Figure 3, half wave plates 28 are used in the
embodiment of Figure 6. Rather than dealing with skew rays, however,
these half wave plates have their fast and slow axes oriented to control

30 polarization and thus enhance contrast. In particular, the half wave plates

are oriented with either 45° or 135° between the fast or slow axis of the



the polarization beamsputter; (c) a projection lens for receiving Iight
passi ng out of a portion of the second side of the polarization beam

sputter, said second side being opposite to the first side;

001 63738 _21 PCT/ US00109566 (d) at least a first reflectivefnfoggrmqa)n
converting, | i zed panel and a second reflective, polariz

converting, pi ?(zﬁ‘%"égas panel , each panel serld-ng to nodul ate ?ft’t/ﬁ?oo@g%%i ng
fromthe light source to t he projection lens. 21. The optical system of

G aim 20 uher of flbbeatd (84 nBANShal 52 3ERGLAL BI Y BN, AOBILODTOfulhe 17!

si de and the seco pane 'S assocl a r second si de.
22. The optical @ysitetronfca@hesiaack Plathes estatathd pzhma of pelaoizatihe oplight s i s

associ at ed W|th a ortjon af th ird or fourth sides of the polarization
beam sputter. %%PF&&F}IPS@QE% g? "Claim 20 wherein at |east one of

the panels is assom %%r%ﬁi&rtlh@ttffﬁﬂi@hﬂﬂﬁqu(s df g Rl @hi pRePeam
splitter and at |east one ot her of the panels is associated with the fourth

side of the gol éfhrﬁmhﬂnﬁﬁ@émwmi @frthezmsnfrmllcbptﬁ‘ -pelariggd padvoll levaian 20
wh th | t b t hal f | at h
of whi ch 15 bri IFILE WETELOb AL PosFgahan PRRE | T enels TREPER theg ©
light and to Corﬁé?é\f,%mﬁ o‘f%'of’arriz%‘%%n'ag@lhe re§t188|o§rfo;g§ja+g hEhe t%?f’a%{s flnﬁaSt

sonme of the i I's recel proj ecti on
has passed thr ou@;le haiewhwve phae fis 4%V e pI ates. 25. The optlcal syst em of

d 20 wh h I | b ! A f | f

ol at 5. each of i i Sy Brkigared the Wk waRe el B aRGer 2her Riwel B
|l arized | d

pol arized | ijght cﬁﬂQtfog @g%@% ,ﬁfailéy' Aethikic gé@b theﬁﬁamh%h%ﬁ&chbgm) an

a first portion of th s'recel ve e projection lens is

light that has pggsechichpas@h thysughfths dialf-waus praabmlmwe;rxbhaécesemmug
second portion of the light which is received by the projection lens is

light that has [FHRISBEOTISERARlS to FpadamizatianyoByLthe samemephaRiont. Svave pl at es.

26. An opti cal m | I t pfor
produci ng two b?g?résﬁ ¢ po girc;ﬁzlg%‘ﬁléﬁﬁ 0% é)%%%‘%l%g%%et%%ﬁwgc%%som 09566

(b) a dichroic mﬂmzaﬁnmtpommsmgstMmb& hedf-elabenlate. (c) an optical path
length conmpgpsat or \Mi'n %ﬁlsrvggﬁlhvg%% h%\bl%g pglanzatlon reflects from the diagonal of

a prism once (and only once) on its way between the lamp and a LCD.
Similarly, light having S polarization reflects from the diagonal of a prism
once (and only once) on its way between a LCD and the projection lens.
Conventional PBS cubes have a high extinction ratio for reflected S light,

20 i.e., approximately 99.8% of the S light is reflected and only 0.2% passes
through the diagonal. As a result, the configuration of Figure 6 achieves a
very high contrast ratio between on pixels and off pixels.

Figure 8 and Tables 1 and 2 illustrate how this high contrast ratio is

achieved. As shown therein, the estimated polarization efficiency (contrast)

25 of the system of Figure 6 is 1000:1. (Note that Table 2 calculates light
intensities for only one channe], i.e., that associated with LCD 9. The
calculations for LCD 8 are identical.) In practice, a contrast ratio of
approximately 700:1 has been experimentally measured for a polarization
beam splitter'constructed in accordance with Figure 6.

30 As in the embodiment of Figure 3, sheet polarizers 30 can be used in

the embodiment of Figure 6 to increase the contrast of the system. The



— D A

sai d beanms; and (d) at least one light filter associated with the optical
path |length conpensator. 27. The optical systemof Caim 26 wherein the at :

| east one light filter conprises two light filters on opposite_sides of the
conpensator, one being a short pass filter and the other bei ﬁg?aOI

filter. 28. Th | systemof Caim26 wherein two reflectiv

pol ari zation cg}]](\sl)g&rléﬁﬁg) pi xel i zed panel s ale associated wit r?‘iTﬁ‘Zg"S(P%ﬁﬁr oi C
prismand one reflective, polarization converting) pi er i zed panel S

associ ated w th the,oRptd t { A. net hod, for
proving the cont s acds Y A b SIAETRE 3P f dast Bk Rehy End
reflective) pol ablozhtumsrarrtenhhght m@e p@rmﬁnllarzmﬂernameh wedrprillsiepgndansi ng

A o TR R BB TR DR

wherein: (a) bet me@hb&epdlmgmrs%Qﬂlbe%nﬁ&@dttb@n&}é%eeﬁ{e'1igfhtlt?£k§sm§5mh%ﬂt
sone of the light (ﬁ@gses throu h two half wave plates oriented so as to

t riansf or2|n IS p%l aFe cpstghthe po Prlp@lnar cansihg afghe daagpnlalqmﬂtézeupzms argildor tﬁ S
Plaht interacts e praimiBaRs i §ive Pi%%%‘ir@”g%‘%%?ﬁ‘ﬁ‘aﬁ?e s

pol ari zation far one of said i nt eract | onEx&m@laving P polarization for the

ot her of said interactions c) betvveen t he pi | zed panel and the
proj ection lens, the f‘ﬁgg‘ﬁ?‘?. %%F%§§W{%1Mt e gﬁwﬁa{ww lgljfﬁwéll% t he

l'ight having S p@h@h KAt W@Qe?ﬁte@&f‘e &’Jed%ﬂf at %@f&@fﬂa%soe%@geﬁ@ﬂfeﬁg P

pol arization for the other of said interactions; where an interaction with

a pol arizatibh dratgenthan all fluresf the cubes omkmg 88 the polapzatiosbea ooty )

pol ari zat i on. aret et oy oS eBUBRRREhe. i EERLO Mg bREROm it e 1 i g

has S pol ari zat | positi@®in Rigueé laod‘yfpwallynﬁfeahamgal ineerf@irht@siithod sPstpin® ecti on

systemenploying at |east two reflective, polarization conyertin
pi xel i zed panel sp@b%fﬂﬂfli?%mﬁgg@.qu R‘Péﬁ’fn Yhage ?"@l‘ﬁgll %?Hf"c'@nf"b%t‘@eat WO

pi xel i zed panel sgysbad e/l B8ustcBe Thi gs&o@tofmh@ﬂevmcam K@hse?ae%@ﬁmﬁis%s tRad

passing the nodulated light to a projection I'ens) wherein: (a) between the
| i ght sour ce15ancFatSHém§rVélj“ét:@ layyen ogn‘grasblewp]r ean be tolerated for a portion of the
modulated light. _
Example 5

The preceding embodiments have been illustrated with two LCDs
and thus can be used with a color wheel to create a color image.

20 The layout shown in Figure 10 uses three LCDs (red, green, and
blue), which can be cemented on the exit faces of the prisms, to reproduce a
color image on the screen and does not require a color wheel. The LCDs
are preferably of the liquid crystal on silicon (L.CoS) type.

A color filter composed of thin film layers can be coated on the

25  surfaces of the prisms in front of each LCD to provide color balance and
color purity for the three channels. Also, a R/B filter caﬁ be placed at the
interface between dichroic prism 38 and polarization beam splitter 5.

The red and blue LCDs are preferably located in one polarization
channel and the green LCD is in the other polarization channel. This

30 arrangement allows one to increase the luminance efficiency of the system

by overlapping of the spectrum used for the green channel with the



portion of the light passes through first and second half wave pl ates and é
second portion of the |ight passes through third and fourth half wave

pl ates) each half wave plate being oriented so as to transf rized
light to P polarized light and P polarized light to S polar %?d?aﬁgfﬁ&o[x}o)
bet ween the |i g ocr@uggce and each of the t\{\? pixelized panel scriigodos@ht
interacts with two pol arizati on di agonal s) %e | i ght having S pol arization
for one of said interactions and having P polarization for the other of

sai d interacti ongpectiang Gleddfel VREFeAEbRIe dhAGnélRsphy®hniiaclighpnel sWatl t he

projection lens, the light interacts with twq@gol ari zation di agonal s) the
|i ght having S pBH&IawPAL eRen Yghbrienasts rething” mberhrad b blyed: neram be

polarization forﬁItQFedocfoha%Bie‘%lE d%@iirgcz %\5@@% ?F@xdo%é@&%rb%ﬁ%?%ﬁ%ﬁy 'et h

a polarization diagonal 1nvolves: transm ssion throug

di agonal if the filtgts Imeslditipoldachrpatprosm 38nwsediin the RiBrehanyelroanlbeatfithe
fromthe diagonal if, the light has S polarizati,on. 17 October 2003 -24
S A’ et hod ¥ or loPhipR Frkg: Hs BEneingars Gt aAp FgRussadabettt Bl BYPhg a
| east two reflecéd/Be ubsd A frdtt df@Bck OPVIRS bl hinded €lCoeltondeed Gp@@FPr i Si ng
passing light froma |light squrce to the two pixelized panels, nodulatin

! . el s, M g
the light at therasidadilight pie wrong colorawlich gets thyouslethadichrniediagogatofi o a
proj ection | ens, ein- between the |ight source and the projection
l ens, a first pocrﬁ\té?ggr%@g?mtnh?'l i ght passes through first and second hal f
wave plates and a sechoompensatond@tan he usedytrt mpls ke opticad pgith déngtl fand

f h hal f | h f bei ' d
transtorm s 101 cFesBaent gibetntaly sl ik opute At deiBe it FLE% bk, (o
S pol arized |ighlight| DrebebbBethd &ftnpdratorseill igeludledwadilberef oridién bah side,

pi xel i zed panels, the light interacts with two g}gl arj zation diagonals) the
|ight having S pereefivwhichéna sbertaass diltes and theeheraf vgneh imleng pass flter,

pol ari zation for .sai d i i : . -he
Poo bl xel i sod pocefie2hlF boflbibldl yiPbok Brdcr it sk, 1RMERD0 SRER B % o
pol ari xati ar~ ditypensaless expensivegtitanhasing g sthgle greenzpassdiliteror one of said

i nteraction nd havi >' arizatian for the other . said interactions;
and (d) all Ymge.forhirgred 8%@%3%“%%%*’% ’ﬁeé’??ﬁggj‘%‘g{‘ adgeond diefirdle | |10

I : ghth source haS%riéxh)a_nidﬂf i_bluadgt BdoS/:chﬁ be a}ala?altb zﬁettk?n_miag@xmh_ I_tmisfmnbh het fd1e
.Iight source an -pixeliz panel and, after sai .nteraction,, ha a
primarily P pal a‘r“‘iega qr@i:aplpiem}o H‘i?”%&@r%?% %&ibﬁe gﬁﬁbwgf‘q&"z‘%i"?fﬂ&‘?f Cagonal
bet ween said pi @ké&ﬁcbé@aﬁﬁ!exaﬁglé,fﬁq BFOH SE Fh P hdsE Pt uRidagion 6. d
interaction, has had primarily pog

rization; 17 October 2003 -2 5 whore
an interaction wa-R85303%refeiredito abovk.agonal involves: (i) primrily

e e ong 1 o1 Ao kot A8l B AR BT (1)
The net hod of Cllsdve diffessine dénendibls £ fAjduct thanoptycil atle tipdongh the prism
éystem. When this is done, the sides of polarization beam splitter 5 have a
stepped, rather than a flat, configuration. Note that the splitter remains
symmetric about diagonals 6 and 7.

25 Although specific embodiments of the invention have been described
and illustrated, it is to be understood that modifications can be made
without departing from the invention's spirit and scope. For example,
although the use of a dichroic prism and compensator has been illustrated
in Figure 10 for the embodiment of the invention shown in Figure 6, this

30 approach for achieving a full color image can be used with any and all

embodiments of the invention.



only two reflective, polarization converting, pixelized panel8. 33. The
nmet hod of C aim 31 wherein: (i) the projection system enplo t

reflective) polarization converting, pixelized panels; (ii)7gét¢u;§§2003
l'ight source and each of the three pixelized panels, the light interacts
w th two pol ar xgadole®ngdi agonal s) the |ight ng ng S palari xatﬂcqﬂjsﬁ)mgsggne of
said interaction and having ~' pol~~rizatian'for the other of said
interactions; and (iii) between each of the three pixelized panels and the
projection lens, the highietydf gﬂﬁ?%&i‘ﬁé.ﬁﬁn‘é@vlﬁ@h%‘b'r?d%tcﬂeﬁﬂrm@tﬁctﬂ@ls&pet' re
l'i ght having S polarlzatlon for one of said ini;oractions and having P

pol ari zation for anflispirst efethe dnvesdion will ke evideahte peysonsTeiordinapakil ingthsi m
31 wherein: (i) c enpl t tion
converting. pi xef | ZERrDUECHL AN BRI IR MR Y G B Y Ea AR Bval D
faun pixelixed palmbmklﬁmanboghienmmarfaah&embhhad wellmslsach naddificatitnagonal s,
the Iight hav% xg golar zatugn for one of said interactions and having
P pol ari zati o aripfjang ePRVAERE i nteractions; and (iii) between each
of the four pixelized panels and the projection Lens, the light interacts
with two polarization diagonals, the light having S 17 Cctober 2003 -26
pol ari zation fax ono of said interactions and having P polarization. far
the other of Maid interactions. s~. The nmethod of Caim 31, wherein: (i)
the first portion conprises red .and blue light; (ii) the second portion
conprises green light; and (iii) the second portion has a spectrum which
overlaps a spectrumof the first portion. 36. A nethod for operating a.
proj ection systen) said systemconprising first and second reflective,

pol ari zati on converting, pixelize~d panols said nethod conprising passing
light frarr~ a light source tc~ thefirat and second pixelized panels,

nodul ating the light at the first and second pixelizad panels) and passing
the nodulated Iight to a projection | ens, wherein: (a) between the |ight
source and tho first pixelixed penal, light interacts with two pol arization
di aga~nal s) the light having primarily a polarization after one of said
interactions and having primarily P polarization after the other of said
intoractians; . (b) between the fret pixelized panel and the projection

l ens, light interacts with two pol arization diagonals, the |Iight having
primarily S polarization after one of sold intexactiorit~ and havi ng
primarily P polarization after the other of said interactions; (c) between
the light source and the second pixelized panel) light interacts with two
pol ari zati on diagonals, thr~ light having primarily S polarization after
ono of said interactions and having primarily P polarization after the
other of said interactions; (d) betweon the second pixelized panel and the
proj ectaion | ens,



i ght

S 17 Cct ober

sour ce has: |

source and a plxe |z
and (ii)
.i zed panel
his bad primarily P polarization.
proj ection systen1conprises only two reflective,

P pol ari zati on;
sai d pi xel

pi xel i zed panel

.system further corrprl

pi xel i zed panel ;
panel , |ight

primarily S polarization af
primarily P polarization af
between the third pi~elized
with two pol arization dirago
after one of said interacti
the ether of said interactions.
projection systemfurther conprises a fourth reflective,
converting) pixelized panel;
pi xel i zed panel

having primarily S

proj ection | ens,
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i) bet ween FHE

interacts with two pol arization diagonals,

interacts with two polarizatiari
er one of said inte

n di agonal
interaction) h
interacted with a pol arization di agonal
and the projectioqdgngqand, after said interaction)
8' 7. The nethod of Claim 36 wherein the
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reaches the projection Ien
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ight interacts with t
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e nethod of (lalm 38
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fi ght

and (iii)

interacts
S pol ari zation
i zation after

wher ai n:
pol ari zati on
(ii) between the light source and the fourth

the light having primarily
2003 -27 polarization after one of said interactions and

having primarily ~ polarization after the other of said |nteract|on
(e) all inmage- farm ng i ght that

20639 ht
5%045!569 ht

primarily
bet ween

OPI%PJ ection

onverting,
hird pixelized

the Iight having
actions _and havi ng

loa$~'r|(
0.Q0%
e i |y
P Oped&a
(1) the

arization diagonals) the |ight
zation after one of said

interactions and having primarily P pol arization after the other of said

interaatiaa; and (iii) be

| mHBRE By ot el o SHE B Foufi

t he

als) the Iight

having primarily S polarization after one of said interactions and having

primarily P pol
for operating @

~aeeond refl ect

conpri si ng pass

pi xel i zed panel
panel s, and pag

bet ween the i

arization after the other of said_int ctions._40__A net hod
pr oj-teht Leeationst em sai d |systER 80P prilsi ngLED ig"ofing f
ive| polarization conveltin§, pixelR zed padels| saify nethod
iAng | Aftehthef somncesofllighht $ourte tp the filrst1and| secohd
® [eadsaiittewtirbgH | ght [at0.00% Br ad.8and <e@dhd| pi x8l8 xed
Si ncjdtglggnapdul ated light to a pfojection |ens)|wherein:
@ 5 TrrstiReWtirdlH A4S T [P 08 | Zedopapel, pight 0.002
wave plate :
D | Reflected from diagonal 0.8 0.0004 0.8 0.0004
E | Reflected form LCD 0.0004 0.8 0.8 0.0004
F | Transmitted through 0.8E-6 0.64 0.0016 0.00032
diagonal
G | Transmitted through half 0.64 0.8E-6 | 0.00032 0.0016
wave plate
H | Reflected from diagonal 0.64 0.16E-6 | 0.00032 | 0.00032
Total light from the prism 0.64 0.00064




interacts with two pol arization diagonals, the |ight havi ng primari Ia/ P
pol ari zation after one of said interactions; (b) between tAéQdtqhsr 2003

pi xel i xed panel and the projeotion lens) light interacts with two

pol ari zati on di agonals, the light having primarily P polarization after one
of said interactions; (c) between the |ight_source and the second pixelized
panel) light interacts with two pol ari zati oRodi agonal s, the light having
primarily P pol argrzatMgen after ono of said interactions; (d) between the
second pi xei i zed ‘panel and the projection lens, light interacts with two
pol ari zation di agonals, tk~e light hating primarily P polarization after
one of said iontéractfmetaraadiondeant splithergeaving firstgsédoght thinditanddauttds t he

projection lens fromt.he |light source has; 17 t.ober 2003 -29. (|
interacted with a pol %{E?Szg?(?g‘ﬁo Hf(’)‘%’ﬁﬁ’aq &BE?W&F&‘%QI%O&H?S lélg%rrsﬁ‘%%%it a

pi xel i zed panel and, #Eheangdas,daidditaatteng shamefd apsute@ichl diagdnal,

pol ari zation; and (ii)_interacted with a polarizati or:i di ggon%*l_ . between
sai d pi xel |l zed panel \Xhﬂret“hé‘gb? BpwagiSopplaeaation primari el 25ty qli‘fé?%lbti on,
has had primarily P ﬁ%?@ﬁél@ﬁ' tth%%ing-rj??)o Eﬁ@%ncﬁrixgaﬁﬂﬁﬁgsm%rﬂrgué}he

proj ootion system oor I ses on wo reflective) polariZzation converting)
pi xel i zod panel s. 42.earhaliagrtahod of C ai m 40 wherein: (i) the projection

o7 el 1 sed panel : 21 1) THEPRERApR Berih sitien Bf Claigh | W{Hese B nahash B, 0
pax, el, |ight interacsSrdVaht fou@hReadrars shbsantinbgdlas) s, the |ight having
primarily P polarization after ono of said in

, ! teractiqns;, atﬂlgeéi i i% bet ween
the third pixeli2ed phatPolapigation bermjsplittesof Ciawy 1 mhemein, TSHSERR% h t wo
pol ari zati on di aganal ¢gird R4/ GR ig3g Haarily P polarization after one
of said interactions. 43. The rre%lr?g%\éc% Csllfbgpm 40 wherein: (i) the
proj ection ~ayst4rn fThe pelaricatipn bears splitteuof Flains | stherein thedplittezat i on

pixel1 zed panel . 1 he TRREeeh bt el A bo spiifills SlbecFoddubByaie

light having primari two dthppbabidszaénotwadt ies faeee of acid interactions; and
(iii) between the fourth pixolizod panel| and e proj.ection lens) |ight
interacts with t%o pﬁ%ﬁp%af%ﬂombmﬁa gtﬁrpﬁépqlwgﬁf‘lh?a%}fl eao?%%%t} P

pol ari zation after ongaof sSiftfhel ibES 8Fd AR BEbstAnTBINEHe bAhe@RA! ati NG &
projection system said systemconprising at | east one reflective)

pol ari zati on confertiTp p@axeatiorbearasplitter of Claim 4 wherein two of the cubes
" have a first size and two of the cubes have a second size.

7. The polarization beam splitter of Claim 6 wherein the two cubes of
the first size are located along one diagonal and the two cubes of the
second size are located along the other diagonal.

8. The polarization beam splitter of Claim 4 further comprising a sheet
polarizer between the adjoining faces of at least two cubes.

9. The polarization beam splitter of Claim 8 wherein a sheet polarizer is
located between the adjoining faces of all four cubes.

10.  The polarization beam splitter of Claim 4 further comprising a half
wave plate between the adjoining faces of at least three cubes.

11. The polarization beam splitter of Claim 10 wherein each half wave
plate is oriented so as to convert S polarized light to P polarized light
and to convert P polarized light to S polarized light.



17 October 2003 -30 said nethod conprising passing light froma |ight
source to the at | east one pixelized panel, nodulating thQ light at the at
| east one pixelized panel, atzd passing the ixrodulated Ii q O@'ﬁ 2003
projection |lens, wherein all image-formng light that reaches the

proj ection Iena,v(f,r,@m;ghe | i ght source has: é@) i nteracted W tdrrfusoo09ses

pol ari zation di agonal between the light soufce and a pixelized panel - an
after said interaction, has had primarily P polarization; and (b)
interacted with azpOI'PlZepMahleﬂoﬁib@ﬂ@%hnﬁé?bil\bpﬁﬁfl@ﬁiﬁh&éb% ﬁﬁﬂgﬁa”e| and
the projection Iens and) after said interaction, has had rrrrarrl

pol ari zation. 46, A ﬁP@PhBﬂla‘F’@?r befesnithg aﬂwwéﬁeqe&ﬁaéiea@t pngcegqs on
systez enpl oyi ngyjat | i

i xel | 200 pogttely copms PaRRagtol ShalSplilRy oPClAd FPMARENAL badd plate

t hree pi~celixed paneakdocatetibétateenghe ladJohmggtfa@ts of hH fbimr asasi xel i zed

panel s, ‘and passjpg t dul ated |i ojection l.ens ein: (a)
bot woen the Ii gh Esou’ﬁéeepn‘gﬁﬂz?ﬂ@l B?%‘?é@%‘ f@[‘?éln gé Y"?‘regefmﬁaf"]?:“%ﬁr%vet he
l'i ght passes through dlafesis o@ﬁatéfﬁpmmmewpomhaé&hgﬂﬁit@P%@dep%&I on
of the light passes through third and fourth half wave plates, each half

wave plate being ori eétdl@ cwpver R polarized lighttod p@laaquéclﬂahh ght to P

pol arized light pon r t ho
l'i ght source and eac?%%flﬁhgfﬁrﬁelé% gﬁftzaé ggan th%gh{ P @%ﬁl@%g
with two polarizati ons dbcamhbdtw)eehlnhe hdmimnbéardea@fsnrfmhmumtl on for one of
said interactio havi.n arizaf.i.on .the,other of sai

i nteractions; anB (¢c) BseRoles ’gﬁaté‘g'ti’le%f‘ sPi‘\H‘ef ﬂ&QL‘“ h&@'}rw@o“ﬁéﬁfé‘ﬂ?g&nd

the. proj ection |ens) diélfrold (Hdm iaBERiAE8 Wwith & Potiéh SIhRIthAAtdi@dafdl agonal s)
the ,, 17 Cctober 2003 31 |ight having S pol arization far one of said

interactions arid hapPgar q&bllamtbeﬁomns@trortaﬁ@%tﬁérvlﬂr apgridon pf theact i ons;
where an interaction fgylﬁtt JQol ari zation diagonal involves; (i) prim~lly
transm ssion through t Sl agonal if the light has P pol az~i xat i on; and
(ii) primarily rBtl efhegroldrizatidmieeaoh aplitiat of €laimel 6 fugtiierlramp@ising two

pol ari zation. 46. A nethqd for, operatin ro n s em S stem
conprising at |east &° é?‘i(ig’te P%PEEE{}%CO@ﬁatlggf[W?ﬁﬂzeaéﬁ%i% ?ﬁ?@magecﬁd‘éﬂs%zati on
converting-ti~ng, piXkédzheoipdrRin afdbse m&aﬁdec}wmm@rldwcmmﬂg l'i ght
froma |ight source toetlhe first, second, and third pixelized panels,

modul ating the |ight P&t ‘tzﬂ‘éPﬁP?]sQSﬁo@é@érmlth&h@jOPW%ld’aﬁhMﬁtbéﬂmﬁ’&ﬁ%ﬂ@r and
passing the madylgat e‘i‘h'e'rﬁ»'fﬁniﬂm%w gﬁ 51k itOof @l'aﬁm RS E e ondg sxﬁf&‘fﬁ?@ the

| i ght source and the first pixelized pane Interacts. wt
pol ari zation di agonaHSC)hrmh@risrnghssohmedrquhra poxrtldwofshp@hadrsz@ aghaafter one

of said interactions h I’In’B.I’I oarlztlon he other of
said interactions; S%’r}’%d(ﬁ I?lars§?°¥%te§§‘f P&%(’j’o é‘h‘éf’f%ﬁoﬁf‘ﬁ%‘ 01 ection
| ens) light int a|9act Thw;iotarimlomieam aﬁﬁﬂt&notttmagﬁual f&rtHethinlpngné'IWd ng

primarily S polari zatifgqr% after one of said.i nteractl ons and havin
primarily P pol ari zaf$istixe: pelarigation epuyvesting pivelized agels Qﬁgclat"@)wﬁbt ween

the Iight source andtﬁé‘ﬁr%%ﬁﬁgﬁ%ﬁ lpn8dwadRfbeti Je' 99&1&&%%&%%& h two

pol ari zation di agonal s ing pri rrarl arization after one
of said interacti onspaﬂehzéthpamds pesaviated yith the second dlChl‘OlC prism.
20.  An optical system comprising:
(a)  apolarization beam splitter according to Claim 1;
(b)  alight source for providing light to a portion of the first side of
the polarization beam splitter;
()  a projection lens for receiving light passing out of a portion of
the second side of the polarization beam splitter, said second

side being opposite to the first side; and



pol ari zation after the other of said interactions; (d) between the second
pi xel i xed panel and the projection lens, light interacts with two

pol ax-i xatior~ diagonals) the light having pnirnarily S 17 F

-32 pol arization after one of said interactions and having prf)r:?a(r@EJ éﬁﬁg
pol ari zati on aiscego/ebfne ot her of said i.nter i:_ti ans; (e) betywegrsbinsdsi ght
source and the third pixelized panel, lig>at interacts with two

pol ari zati on di agonals) the light having primarily S palarizatian after one
of said interaetione @yd heieag spfitsorsfldcyive, prihatatdied caveatihg) pikbikzedt her of

said interactions; and (f) between the third pi xegzed,_pane_l and the
projection lens, |ight intRANgeRRdisepondxsilsetivh iPPANEAYION WYYRHERE t he |i ght

having primarily S polari Zﬁ&él%dﬁia&@r, ega@‘ggﬁeﬁ@wnig%%@fr&mm%g}%{y%s&%\gi ng

primarily P polarization after the other said 1 nteractions.

nnet hod for operating a priopreche dightyetreerto Bwi prosgcsicadeswnpri si ng at | east
a first, a secon a a thind reflective,,-polarkzatlian convert] .

pi xel i zed panel , Q%ai gﬁ}rlree %%%FICSS%H %f;: lﬁl%ggs‘?’iﬁ%re I|181I1|‘% strtd)rarnlEPIe? 4#8%?tegour ce
to the first, second)withc pdxitioh dfitke Firstidepanditisd sewddlpahehig dsbecidtieght at
the first) second, and, ghi rd pixeljxed pgnr—l ~) ad passing the nodul at ed
light to a projecti onVit8fsPorkienafithe sqcand 5 en the light source and tho

first pixQized panelTpd bgmalispét%ﬁﬁ&fféla h 90 W HEreRP h 8 1dagBbhOBr HeaRfedl 5, the

l'ight having primarily P polarization arter one of said interactions; (b)
bet ween the first pixassoeietedpaithla poxtion loé thy thied of bvrtlesisles bf thet i nteracts
with two pol arization oﬁi a?otnalgg the.éiaﬁt having primarily P polarization-
after one of said intRVEPEFBM! 9(13)81’](5 Pi~sen the | i ght source .and the
Sﬁcolnd Ei Xﬁl i zed2paneTlhe Ilalbtﬁélﬂ s&fﬁeﬁf@ﬁﬂl&ixﬂﬁzbhghmirpat wa?zamé gﬂ‘mtﬂimmhaailss,
the light having primarily P pol~.rization er pone o aid interactjons;
(d) between the secorfRFSpHiztad with tb&ﬁ’é‘Féé’fﬁ’G "c?ﬁ eﬁP%réZ&tWB eP%%"TlltF?rgam at

interacts with two pobas #ildcAer O QAR iS asidifatell With Pey fRugtIPsidERE they P
pol ari zation after one of said Interactions; 17 Cctober 2003 -33 (e)

bet wee~x the |ight saelaxzatioh béwan splitter.pi xel i zed panel, light interacts
after one of sai i nton SRS Ten ey 3 R eR LR e plo VBT 1 Danel
and the projection | espdittefricghiprises two half wave plates, each of which is oriented so
as to convert S polarized light to P polarized light and to convert P
‘polarized light to S polarized light, and at least some of the light
which is received by the projection lens is light that has passed
through the two half wave plates.
25.  The optical system of Claim 20 wherein the polarization beam
splitter comprises four half wave plates, each of which is oriented so
as to convert S polarized light to P polarized light and to convert P
polarized light to S polarized light, and a first portion of the light
which is received by the projection lens is light that has passed
through two of said four half wave plates and a second portion of the
light which is received by the projection lens is light that has passed
through the other two of said four half wave plates.
26.  An optical system comprising:
(a) a polarization beam splitter for producing two beams of

polarized light;



interacts with two polarization diagonals, the light having primarily P
pol ari zation after ore of said interactions, 48. A nethod i or inproving

the contrast of a projection systemenploying at | east two ekl i

pol ari zati on converting) pixelized panels conprising passiwae?'gﬁijviéaaa
| i ght source t pi xol i zad panel's, npdulating the lig sl WO
pi xel i xed pan‘?OBQENS . passing the nndulaté%?llght to a prolgé |%%ﬁ g%s

wherein: (a) batween t he | i ght source and the projection lens; (i) a first

portion of the |ight Bassesy; m%&gn?&'mkh@@&nse%%%f@aﬁba@ﬂ@ pl ates which

transformtha polari zat| on o Irst portion, and (ii) a second port| on
of the light passes t(brough dphxcahpmhdehgﬂr¢mnMSBtQma'vbwblra@Eé‘seE\Mheﬁ er of
transformthe polarization ﬁifs sai d s cond portion, each half wave plate
being oriented so as to tf lf olarlzedllght to P polarized |ight

and P polarized |ightdjo ratme'&sabhaﬁ@ht Gt as{d)atbémbdethet dptidat phth kmgtce
and each of the two pixelized panels, the light interacts with two

pol axi zati an di agonal s, tﬁ@mppﬁﬁt(’haw ng S pol arization for ono of said

| nieractions_andrhaving, Bl 8 aldanaliias P abBte #1689 ghd RpY LI ons:

(c) between each of the Ize pane s and the projectio Tens, the
light interacts with domprmebawbhght Gilteds agoppeﬁltetmées of the comppasatepoBe. 34

| i ght having S pol ari,zation,f one.of s g P
pol arixatian far the Bif&ef S B?%&ﬁsﬁ%lkﬁfé?‘ c e(? %ﬁ%’égqgn ?%Sjtﬁ\é%}?tl on
conprises red angB.bl Ukhd éptidal sﬁ@émtdf&}laﬁﬁ%dnnarein owo e«figetive gsolgrieation i ght ;
and (f) the second portion, has_a_spectrum which ovg&l aps. .a ;gectrum of the

first portion; where CARVeTHng aiteliged nARels Arp §pspciat Brels PHfo! ves:
(i) primarily transm b il PHQJ' g%)Fﬁﬂytﬁﬂl%ﬁlvefﬁné I%%{ellizgli'tpaﬂlalsls

pol ari zation; and {ii) primari tion fromthe diagonal if the |ight
has S pol arization. .aAptciae8 wwhyhd\epﬁcalma,th\lﬁfaih campBhRsatar. A Y | A

AAA N 2A '269.n| A meAﬁocf‘ for 1m'%rgv1'161‘% the coniﬁ’gstﬁgﬁ‘ fbéjec@i%n @séﬁ? . As%

' employing at least one reflective, polarization converting, pixelized
panel comprising passing light from a light source to the pixelized
panel, modulating the light at the pixelized panel, and passing the
modulated light to a projection lens, wherein:

(a) between the light source and the projection lens, at least
some of the light passes through two half wave plates
oriented so as to transform S polarized light to P
polarized light and P polarized light to S polarized light;

(b) between the light source and the pixelized panel, the
light interacts with two polarization diagonals, the light
having S polarization for one of said interactions and
having P polarization for the other of said interactions;
and

()  between the pixelized panel and the projection lens, the
light interacts with two polarization diagonals, the light
having S polarization for one of said interactions and
having P polarization for the other of said interactions;

where an interaction with a polarization diagonal involves:
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6& ()-)10% ()-!<Ly 10 AJU&te%ctmns and having P polarization for the other of
said interactions;
where an interaction with a polarization diagonal involves:
(1) primarily transmission through the diagonal if the light
has P polarization; and
(i) primarily reflection from the diagonal if the light has S

polarization.
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A method for improving the contrast of a projection system

employing at least two reflective, polarization converting, pixelized panels

comprising passing light from a light source to the two pixelized panels,

_.modulating the light at the two pixelized panels, and passing the modulated

light to a projection lens, wherein:

(a)

between the light source and the projection lens, a first portion .
of the light passes through first and second half wave plates
and a second portion of the light passes through third and-

" fourth half' wave plates, each half wave plate being ori_anted 80

' aa to transform 8 polarized light to P polarized light and P

(b)

(e)

polarized light to S polarized light;

betv?een the light source and each of the two pixelized panels,
the light interacts with two polarization diagonals, thé light
having 8 polarization for one of said interactions and having P
polarizaﬁon for the other of said interactions; |
between each of the two pixelized panels and the projection

‘lens, the light interacts with two polarization diagonals, the

(d)

light having S polarization for one of said interactions and

having P polarization for the other of said interactions; and

all image-forming -ligﬁ}'. that reaches the projection lens from

the light source has:

(i)  interacted with a polarization diagonal. between the light
source and apixeliz'ad panel ém&, after gaid interaction,
has had primarily P polarization; and

(i) interacted with a polarization diagonal between said

pixelized panel and the projection lens and, after said -

interaction, has had primarily P polarization;
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@0% & ()-10% & ()-# b "' (m(aB4@ /Z10% & ()-G  /Z109%& ()-GF. 10% & () -
F,10% & ()-Y3+10% & ()-Y)10% & () - (()#)$)%&)3)R)bCl £10% & ()-" 10% & () -
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-1 1F 109%Knkm& () -, z10% & ()= -a>---C.i.7?bC 1 6*10% & ()-!; & 10%iu& () - 3&
10% F& ()-3!'$’ 10% & )P°1§2P6%“&{‘ @ 100 & ()-i...060708090HOXb@ ! 6! 3
10988&' () - (i)  primarily reflection from the dxagonal if the light has S
' polarization.

_ 82. The method of Claim 31 wherein the projection system employs
only two reflective, polarization converting, pixelized panels
88.  The method of Claim 81 wherein:
@) the projection system employs three reflective, polarization
éonvbrting, pixelized panels;
_ (i)  between the light source and each of the three pixelized panels,
~ the light interacts with two polarization diagonaia, the light having 8
polanzatxon for one of said interactions and having P polarization for the
' other of said interactions; and '
(iii) botween each of the three pixelized pﬁnels and the projection
lens, the light interacts with two polarization diagonals, the light having S
_'polar.ization for one of said interactions and having’P'polarization fortho
- other of said interactions. |
34. The method of Claim 81 wherem
() the projection system employs four reflective, polarization
converting, pixelized panels;
(i)  between the light source and each of the four pixelized panels
the light interacts with two polarization d1agonals, the llght having 8
polarization for one of said interactions and havmg P polarigation for the
other of said interadtions; and -
(iii) bétween _each of the four pixelized panels and the projection

“lens, the light interacts with two polari_zation diagonals, the light havinh S
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interacts with two polarization dlagonals the light having primarily )
-polarization after one of said interactions and having primarily P
polarization after the other of said interactions; _ .
(¢)  between the light source and the second pixelized panel light '
- interacts with two polarization dmgonals, the light havmg primarily S
_ polanzatxon after one of said interactions and having primarily P
. polanzatxon after the other of said interactions;
(d)  between the second pixelized panel and the projection lens,
light interacts with two polarization diagonals, the light having primarily 8
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] aLJurUJ gl}é) a pixelized panel and, after said 1nteract10n, has
had primarily P polarization; and
(ii) interacted with a polarization diagonal between said pixelized
panel and the projection lens and, after said interaction, has
had primarily P polarization.
87. The method of Claim 36 wherein the projection system
comprises only two reflective, polarization converting, pixelized pénels.
' 38. The method of Claim 86 wherein;
(i)  the projection system further comprises 4 third reflective,

polarization converting, pixelized panel

(ii)  between the light source and the third plxehzed panel, light

‘interacts with two polarization diagonals, the light having primarily 8

polarization after one of said interactions and having primarily P
polarization after the other of said interactions; and

(iii)  between the third pixelized panel and the projection lens, light
interacts with two polarization diagonals, the light having primarily g
polarization after one of said interactions and having primarily P
polarization after the other of eaid interactions.

89.  The method of Claim 38 wherein:

(i)  the projection system further compnses a fourth reflective,
polarization converting, pixelized panel;

Gi)  between the light source and the fourth pixelized panel, light

'i_riteract:s with two polarization diagonals, the light having primarily 8
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“polarization after the other of said interactions; and

(iii) between the fourth pixelized pahel and the projection lens,
light interacts with two polarization diagonals, the light having primarily S
polarization after one of said interactions and having primaxrily P
polarization after the other of said interactions.

| 40. A method for operating a projection systom, said system
comprising first and gecond reflective, polarization converting, pixelized
panels, said method comprising passing light from a light source to the first
and second pikélized panels, modulating the light at the first and second
pixelized panels, and passing the modulated light to a projection lena,
wherein: _ | o

(a)  between the light source and the first pixelized panel, light
~ interacts with two polarization diagoné.ls the light having primarily P

-polarization after one of said interactmns . '

(b)  between the firat pixelized panel and the projection lens, light
lnteracts with two po]anzatlon diagonals, the light having primarily P
polarization after one of said interactions;

(&) between the light source and the second pixelized panel, light
interacts with two polarization diagonals, the light haﬁng primarily P

~ polarization after one of said interactions;

(d)  between the second plxehzed panel and the projection lens,

B ght interacts with two polarization diagonals, the light having prlmanl yP
~ polarization after one of said interactions; and

(¢)  all image-forming hght that reaches the pro_1 jection lens from
the light source has: a
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) interacted with a polarization diagonal between the light
source and a pixelizéd panel and, after said interaction, has
~ had primarily P polarization; and
(1)  interacted with a polarization diégonal.between said pixelized
panel and the projection lens and, after said interaction, has
had primarily P polarization.
41, The method of Claim 40 wherein the projestion system
comprises only two reflective, polarization converting, pixelized panels. -
42.  The method of Claim 40 wherein: |
(i)  the projection system further compriges a third reflective,
polarization converting, pixel_ize.d panel;
| (ii)  between the light source and the third pixelized panel, light
interacts with two polarization diagonals, the light having pnmanly P
~ polarization after ono of said interactions; and
(iii) betwoen the third pixelized panel and.tho projection léna light
,mteracts with two polarization dxagonals, the light havmg primarily P
polarization after one of said interactions.
43. The method of Claim 40 wherein:
(i) the projection system further comprises a fourth reflective,
polanzatlon converting, pixelized panel;
(i1)  between the light source and the fourth pixelized panel, the
light interacts with two polarization diagonals, the lighit having primarily P
polarization after one of said interactions; and
| (i) between the fourth pixclizod panel and the projection lens,
light interacts with two polarization dxagonals, the hght havmg primarily P
polarization after one of said interactions.
44, A method for operatmg a projection system, said system

- comprising at least one reflective, polarization converting, pixelized panel,
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had primarily P polarization; and
(b)  interacted with a polarization diagonal between said pixelized
panel and the projection lens and, after said interaction, has
had primarily P polarization.
45. A method fori 1mprov1ng the contrast of a projection system
employmg at least three reflective, polarization converting, pixelzed panels
comprising passing light from & light source to the three pixelized. panels,

- -modulating the light at the three pixelized panels, and passing the

~modulated light to a projection lens, wherein:

(a)  between the hght source and the projection lens, a ﬁrst portion
of the light passes through first and second half wave plates
and a second portion of the light passes through third and

- fourth half wave plates, each half wave pl-é.te being oriented so-
a8 to tranaform S polarized light to P polarized light and P
polarized hght to 8 polarized light;

(b) between the light source and each of the three pixelized panels,
the light interacts with two polarization diagonals, the light
having S polarization for one of said interactions and having P
polarization for the other of said interactions; and

(¢)  between each of the three pixelized. panels and the projection

N lens, the light interacts w1th two polarization d1agonals the
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light having S polarization for one of said interactions and
having P polarization for the other of said interactions; |
where an intoraction with a polarization diagonal involves:
| (i)  primarily tranamission through the diagonal if the light has P
polarization; and

(i)  -primarily reflection from the diagonal if the light has 8

polarization.

46. A method for operating a projection system, said system
comprising at least a first, a second, and a third reflective, polarization
converting, pixelized panel, said mothod éomprising passing light from &
light rource to the firat, second, and third pixelized panels, modulating the

- light at the first, second, and third pixelized panels, and passing the
~ modulated light to a projection lens, wherain:

(a)  between the light source and the first pixelized panel, light
interacts with two polarization diagonals, the light having primarily 8
polarization after one of said interactions and having primarily P
polarization after the other of said interactions; ' '

) (b)  between the firat pixelized panel and the projection lens, light
- interacts with two polarization diagonals, the light having primarily §
- polarization after one of said interactions and having primarily P |
_polarization after the other of said interactions;
()  between the light source and the second pixelized panel, light
interacts with two polarization diagonals, the light having primarily 8
polarization after one of said interactions and having primarily P |
polarization after the other of said interactions;

(d)  between the second pixelized panel and the projection lens,

light interacts with two polarization diagonals, the light having primarily S
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polarization after one of said interactions and having primarily P
polarization after the other of said interactions;

(e)  between the light source and the third pixelized panel, light
interacts with two polarization diagonals, the light having primarily §
polarization after one of said interactions and having primarily P
polarization after the other of said interactions; and

) between the third pixelized panel and the projection lens, light
interacts with two polarization diagonals, the light having primarily S
polarization after one of said inferactions and having p_rimarily' P
polarization after the other of said interactions.

47. A method for operating a projection system, said aystem
bomprising at Jeast a first, a second, and a third reflective, polarization

-converting, pixelized panel, said method comprising passing light from a
~ light source to the first, second, and third pixelized panels, modulating the
light at the first, second, and third pixelized panels, and passing the
modulated light to a projection lens, wherein:
| (a)  between the light source and the first pixelized panel, light
interacts with two polarization diagonals, the light having primarily P
_polarization after one of said interactions;

(b) | between the first pixelized panel and the projection lens; light
interacts with two polarizatioh diagonals, the light having primarily P
polarization after one of said interactions;

{c)  between the light source and the second pixelized panel, light
interacts with two polarization diagonals, the light having primarily P
~ polarization after one of said interactions; .

(d)  between the second pixelized panel and the projection lens,

light interacts with two polarization diagonals, the light having primarily P

" ‘polarization after one of said interactions;
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(e) batween each of the two pixelized panels and the project:on

lens, the light interacts with two polarization diagonalé, the
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| (d)  the first portion comprises red and blue light;
(e)  the second portion comprises green light; and
()  the second portion has a spectrum which overlaps a spectram
of the first portion; |
- where an interaction with a polarization diagonal involves:
i) primarily transmission through the diagonal if the light has P
polarization; and ' :
(i)  primarily reflection from the diagonal if the light has 8

polarization.



