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CROSS REFERENCE TO RELATED PROVI SI ONAL APPLI CATI ON  Thi s application clains
the benefit under 35 USC 119(e) of U. S. Provisional Application No.
601130, 419, filed April 21, 1999, U S. 10 Provisional Application No.

60/ 132, 928, fl‘bgqo,gga,gs 6, 1999, U S. Provisi nal  Appl i cati onpMN9usoo/n9s66
601166, 468, filed Novenber 19, 1999, and U'S. Provisional Application No.
60/ 179, 227, flled January 31, 2000, the contents of all of which are

i ncorporated herein in their entirety. FIELD OF THE | NVENTION 15 Thi s
invention relates to projection optical devices which enploy reflective
LCD s. BACKGROUND OF THE | NVENTION Figure | is an on-axis |layout of a prior
art projection system enploying three reflective LCD panels, i.e., LCD 10
for red light, LCD 12 20 for green light, and LCD. 14 for blue light.
Light forma source 16 is polarized by a conventlonal pol ari zati on beam
splitting cu 18 and the(§P S conti nuous
line in this°and all ot herZtrge etrecte : cube 20 and
the LCD s. The color cube separates Ilght into the red green and bl ue
primary col ors. reflected fromthe "on’ has
P-pol ari zati on {EQSaREIREEL LATED DRQVISIC il es) and
thus passes through t’I*iﬁ é Palmfsf}ﬁel%%é‘ﬁééﬁ&é% QS@@ﬁlgké)tonr[ﬁS cube
(PBS cube) to prOJectlon ens 2210 create an | mage on a screen (not
shown) . Light rfe!fomsmwdlAfpphnaﬂmf N"o (ﬁﬁ/i&ﬂ) éla,aﬁle&”gnﬂeﬂlb i&%dﬁ S.whi ch

reflects fr 0.di RAS nt o
the screen g?acgﬁ o Wﬁ%??gga hﬁ(ﬁ‘f@%@?@%g%& goialeg g(?ln%lf
Figure 1 has a coiliatioaNNEHAGEUES, fildd Stidrebear 19, 11999 Earfﬂlﬁt&erinsaonal
fundanment al drawbacks |nclud|ng 2%1% I";}ef)olarlzatlorh fromthe %ﬁgfﬁe S
conpl etel y | ost ARRHcating Noo fPF48 224t file i 4040, the eqptets ¢
pol ari zation pr %EB 'a‘i"énﬁgrﬂd}ﬁte‘a'}?&&@ﬁln t?xteﬁé]ﬁu%%s. cube, whi Ch
FIELD OF THE INVENTION
15 This invention relates to projection optical devices which employ
reflective LCD’s.
BACKGROUND OF THE INVENTION
Figure 1 is an on-axis layout of a prior art projection system
employing three reflective LCD panels, i.2., 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-

My

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-polarization, which reflects from the

30 diagonal of the PBS cube and thus does not pass into the screen space.



5 properties tend to be poor for the f-nunbers typically required for
commercial projectors; and (3) the col or cube needs to work with both S and
P pol arization for all three colors, which leads to | ow efficiency of color
separation/reconbination. In particular, the slope of a dichroic cut-off
filter is al wayg hgsss than 10 100% so that,to avoi d undesi rge Gsab6dses

m xi ng, sonme light on the borders betvveen'%'l ue and green and between green

and red nust be intentionally cut off and thus |ost. Mreover, the anount

of light cut off nustaltiakish tAeGRLH o@fﬁééﬁie 1f1d 2 thapadthechiteparantseifdrsof f
wavel ength of a dichroic filter epend on pal ari zation and angl e of

i nci dence. As a iremup pumber piclvadampeaial drawbadkspirchpding) (Digrelaryatiopan
occur when all t oD 10 | . ' 19N Ghape! and
a single color ctgglgleclhg usecg 1%84132%?%?95%8’ (tzrglceo&n%qﬁaeseg g{elt%?%ée p?_i mary |ight
col ors. JapanesebyPitegmilaiedtidrcmtop ertidsef the d2geaabofithe RS eulss whidkar i at i on

of the syst of Fiqure 1 | ch uses, .t dichroic.prisns in ad of a
single 20 coﬁo?r RAaBeE™s ﬁ?ﬂ%ﬁgh‘a BeYI&F tq%\gﬂuxpﬁgrsntgglm(%ﬁl VS Iélrlffé%cﬁre appr oach
of this patent guithéfedlipebiettrd@eian) 4l dojorealp ne¥dandwornwithidihtS asdiuced
contrast through_ its reliance on a single palarization heam splitting cube

havi ng only one P8prkarizating fon aljthrar colapomiush leagiso LsheIGHRRSY P ACIPE { hat

devel oped by S- LN BhinddRnoanta Cara, California, See Bone at al.,
"Novel Optical g?ﬁtemldlﬁgﬁcgn %norénReflective CMOS Technol ogy, " Proceedi ngs

of SPIE, Vol une 3634 InpagtsulagGhesjopt 999 didthois aubofibElter insdwaps lesashan
the. ot her " asian 1965F 9% B P avbitfuntse- TR BT muf Feesle BafeR RbBIGSEE. T
one pol ari zati orhetwhés Bhid widc@ses ahli®ebleqf ficeheandyredfmast! oy intentionally
e AL ECO TN LDy R, Il o) Ui GBI SEES° -
pol ‘_'” i zation fropbh ditBbEact SRAY éh%?sll\ﬁdédax(dgéuttdiﬁwﬁ%‘lﬁh% éfh @RHrAxARRsE Of
of f-axis optics. SUWARY OF THE | NVENTI ON
: depend on polarization and angle of incidence. As a result of these effects,
15 substantial light loss can occur when all three LCDs are located in the
same polarization channel énd a single color cube is used to split and
recombine the three primary light colors.
Japanese Patent Publication No. 10-2563922 illustrates a variation of
the system of Figure 1 which uses two dichroic prisms instead of a single
20 color cube. Although better than the basic system, the approach of this
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 éeparationfrecombination. The problems here include: (1)



In view of the foregoing, it is an object of the invention to provide 5

| nproved optical systens for use with reflective LCD s. In particular, it
is an object of the invention to provide optical systens which have sone
and preferably all of the follow ng properties: (1) the systemis

mechani cally §lomekgs@nd conpact, (2) the system m nim zes tperuseosks
expensi ve optical conponents, (3) the systemuses at |east sone of the

i ght of each 10 pol arization, and (4) the system achi eves a high | evel of

contrast. To aclthewestidfese caled cabds(2)AbsLsftthe sédv@dipalanidtom fromathe digtlance
with certain of its aspects provides a unitarg/ ﬂolarjzatjon beam splitter
having first, <OUBdant Prtae capdieaiyran $neas TB%S 9BECEr i zi ng

di agonal s, sai d giageR® SriTHETREGNTH@AL right angles, said splitter
bei ng symmetric ‘about I57each diagonal (T.e., the splitter has mrror
symetry about each dhadpmnef dhe fondpor, it isiaghabidraof Hep Bvpblian ite arqvade
primarily refdects fr ach diagonal and, || - havd ' 1 an
or i mari 1y 11 dhortireot Al iR, st AR gt pRBk e TCD, T BAGuER L &
enbodi ment s, t heankbjbdrof thlrvieheibn 6 ppsvidespticl systpralsarhizhthiaon stramnd

splitting cubes, each cube adjqining two other es 20 along,two f.aces to
formthe overal IprﬁgF’%lPlin’g][qf&ge 188 PreResfies: ﬂ%ﬁwst%m‘?g?éﬂw?ﬁif he
cubes are all ofghBR S ESHAR, QM & stdin GhiAGhizes ThO dbaTBId:entMe opficilne

cubes have a first size and two of-the cubes have a_ second size. Half wave
pl ates and/or siteawopentss (3) she syeiambasck ot Jaastiserae wethe behtafiesrhi ng faces of

the polarizatjo | LLgI cubes. A t I wave pl ates
and zero, t\?l\xtg)l, g’rol‘?%%t&glh%éé (‘gg;ﬂ“grsyg%?nsg%%egeav% g&e‘?eg%gﬁglm%%hbi nation as
desired. The sheet pabaichizes shésspnolvethenobjeetst thelihgediadr in aevoedpicatwagsh can

be used to corrpensatlg\ﬁ%.or skew ray. pol ari.zation | %gk?lg)e or cgn Ee.used to
i nprove cont r astCeTRIMAT L5 23056E RI9 eﬁ&l?mmé’ogﬁr 1o e3¢" Shlitken BE88 as to
convert S pol arifzeel sbedhidl thied, RuROlogiihZeded 4 @hiwapslahizinkodiapddA, daight to S

pol ari zed |ight. W) 00/ 63738 _4_ PCT/ USOQ 09566 I n accordance with others
of its aspects, disgonalpiatetsesting st righkangles, opid piittanhoingexmmetric Rt ses a

pol ari zati 0r15b el Eﬂdgtoﬁgf (i.gf, thg' gpﬁéﬁ&ehas mirror symmetry about each diagonal),
wherein light having S polarization primarily reflects from each diagonal
and light having P polarization primarily transmits through each diagonal.
In certain preferred embodiments, the unitary splitter comprises four
' polarization beam splitting cubes, each cube adjoining two other cubes
20 along two faces to form the overall polarization beam splitter. In some
émbodiments, the cubes are all of the same size, while in other
embodiments, two of the cubes have a first size and two of the cubes have a
second size.
Half wave plates and/or sheet polarizers can be located between
25 adjoining faces of the polarization beam splitting cubes. Zero, two or four
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 polarization 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.



descri bed above, a light source for providing light to a portion of the
first side of the splitter, a projection lens for receiving |ight passing
out of a 5 portion of the second side of the splitter, said second side
bei ng opposite to the first side, and at least a first reflective,

pol ari zation couygydi-g9, pixelized panel and a second refl egli-NRao0as6s
pol ari zati on converting, pixelized panel, #ach panel serving to nodul ate

|l ight passing fromthe light source to the projection lens. In certain

preferred enmbodi ment sjy QRErRNcORith Sheldsr ittt tRedvRAAEHh Sré¥ifes an
associated with sides of the splitter different fromthe sides of the

splitter with whpetical Estepgtihicbsampeisand roberigatisindaein pplitsersolihe type
associ ated. In aﬁ%&?ﬂ@&%o% tahir%}érshﬂ% 91 %&v?di%?ﬁ%ﬁ: Yo aégfti&{%?mel £
or | t 1P p c

provides a nmetho I mprov e contrast O roj on system
enpl oyi ng at | easitle of theospditteaf h @edjestion Rakdor mativary Bgntverssinggutpifxel i zed

panel conprising passi light froma |light source to,the pixelized panel,
modul ating th _|P§“ﬁ{°na°3%’9ﬁagcoaﬁ>§6% Sehe ﬁﬂﬂ@re,r'sa Seﬁagé,ﬁﬁ@ Heps ARRAT " d
light to a proj egid @it sRRSand WRGEE B firdOretfociiPe, toBdrieneenvéhad, i ght
source and the projection lens, at |east sone of the |ight passes through

two hal f wave plakelzest panel egd aegend reflectiypsicdapzatiopoloavertins, Ivixizedo P
larized |ight P.pelati i_ght ' i .ght; th
poLar 1220 110N it A Ll PR b AN e B

| i ght source and the pixelize
pol ari zati on di agenabgctibvhdedsi Jhtcehain peefsrred @nsrodzaentsnodeoor botk afthsai d

i nt eractions, and havi P ol arizatian for.the_.ot her... of i d interagctions;
and (o) bot vk PREUIaelEEre e artated iR sidss of Bt sriteaRBetanidriin ohe
interacts with tyBePst theispBiteP it @H%eﬂh%,hgth*n%ohl}ce%dhﬁu';p@@ge&iorpmr@raréat i on

for one of said interactions and having P polarization for the other of
sai d i nteract i on@ssociated.

In accordance with further of its aspects, the invention provides a
method for improving the contrast of a projection system empicying 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 projection 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
polarizéd 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
25 polarization for one of said interactions and having P
polarization for the other of said interactions; and
(c) 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. polarization for the other of said interactions;

where an interaction with a polarization diagonal involves:



where an interaction with a polarization diagonal involves: WO 00/63738 .5_
PCTJUSOO' 09566 (i) primarily transm ssion through the diagonal if the |ight
has P polarization; and (ii) primarily reflection fromthe diagonal if the
light has S polarization. 5 In accordance with certain preferred

enbodi nent s of v&&fbﬁ;@n spects, the invention provides a net h?g,ﬂ Joi09566
| nproving the contrast of a projection sys'@ém enpl oyi ng at [€as {wo

reflective, polarization converting, pixelized panels conprising passing

light froma |ight sogyce | i HPahRed; tht

light at the two pi xg@i' ze gg#gﬁlsﬁ&gsnrgi%%gstﬁgl% he %ﬁﬁ%%%%}%dﬁﬁéﬁ%%o a
proj ection | ens, wherein: poéridséioneendt he |ight source and the projection

|l ens, a first portion;.of the l.jgh asses _thro f it cend hal f
wave plates and a sg(él())nd pﬁld?ﬁlg’ﬁregl?&tl%ﬁng%e&ég %ngslgf%ﬁg}%gqﬁ%}%ﬁ%:d and
fourth half wave plates, egabdridadloh. wvave plate being oriented so 15 as to
transform S polarized light to P polari,zed |]ight and,.P polarized |light to
S pol ari zed Igght; (g[)nzlfg?’{ﬂé‘é‘ﬁef"lﬁ ‘Wb’“ﬁﬂ%ﬁ‘%‘i‘?’%@ eéﬂb‘%éﬁ‘@ﬂpso‘?tabi’ﬁ%e ?%c’%’

pi xel i zed panel Sthe #bBntibdHrol ik h 3dtholdd iniphBviRig tBE icdRirh S oft fdpnaln, the
l'ight ~having S polarization for one of said’interactions and having P 20

pol ari zati on f orsxstemenideyiog asdast two eeBestivenpolanaetion yonyeriipepiseltaedof
the two pixelize t .pr Qj l O | ' ts with
two pol arizati onlg&1 |%§§%§P§$ﬂfgﬁg%sﬁglggjf@?%§\# ﬁéigge’%%‘]‘%rg iGE%IfEI (?f)urrlo P ggreﬁ(%%&:e of
sai d i nteracti onsamdie midulatigg Ehelikhi aizidie ton finelidedeamiele andfpassing the
I nteractions; ZSP\ﬁﬁe{e {1 | nt eraction nn th pol.ari zati on di agonal
i nvol ves: (i}0 prPRaH aitglf lgléWfé’rﬁ B_@J‘Eﬁ'il PBUJHTRE" di agonal if the light has
|P' ﬁfl ﬁrl th ion; and (b} i ) bBtwdERS fHeMightfshetckiadd the PAbjebifonl ted@ORHErst fortidg

ig as

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 oriented so
15 as to transform S polarized light to P polarized light and P
polarized light to S polarized light;
(b)  between the light source and each of the two pixelized panels,
the light interacts with two polarization diagonals, the light
ha\«'"i.ﬁ‘g S polarization for one of said interactions and having P
20_ polarization for the other of said interactidns; 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:
§9)] primarily transmission through the diagonal if the light has P
polarization; and
(i)  primarily reflection from the diagonal if the light has S
polarization. '
30 In accordance with still further of its aspects, the invention provides

an optical system comprising:



pol arization. 30 In accordance with still further of its aspects, the

I nvention provides an optical system conprising: WO 00/63738 -6-

PCTMBOQO ~09566 (a) a polarization beamsplitter for producing two beans of
pol ari zed light; (b) a dichroic prismwhich receives one of said beans; (O

an optical paty,d&/ReLp conpensator which regsel ves the other pfyuSuohddsd
beans; and (d) at least one light filter associated with the optical path

| engt h' conpensator. |In certain enbodinents, the at |east one light filter

Conprises two |ight dl t%rﬁolﬁ’ﬂzﬁ@cﬁpﬁéatxﬁsﬁhﬂ@ﬁfda?fprbdﬂﬂnﬁgBW@'BSQ:BJ@fof one
being a short pass 10 tilter, i.e | ter which passes shorter

wavel engt hs, andpelasized fgktibei ng a I ong pass filter, i.e., a filter which
passes |onger wavel e ?hs acﬁ%hﬁ% Héﬁ%gh? n}e@ o%%to?'séld Beagnd: nvention

achi eves various bene I'nc ng cosS uctlon t hrough the use of

| ower cost dichroics @nd/ an orftidal path lfeﬂgtln@inmen&&ﬂnmhmbmecebvesgﬂmmeh&' of
enhancenent t ro%%g at least partial 15 and, in somne enbodi ments, conplete
pol ari zati on BFAmsEngnti gh contrast between "on" and "off' pixels in

the light transmttedg)o tgeas: ek Mghs Glt8L Assobidtd wilbSbaldptick\p&¥h [Etkih
DRAWNGS Figure | is a schematic drawing of an on-axis |ayout of a prior

art 20 projecti WE%IW% errpl oying three reflective LCD panels. Figure 2
is a schematic draw f, q{ghgt% Wi I;ulggrpdvgys a
aq?ll on f’beam sgﬁhﬁ‘t@ thea “E%e g fottorts

dual channel polariz et ca provi di ng ful
pol ari zati on r echyglet filtersiopoppeside Sidas of mmema@mammlgangfa ﬁwrfep&ﬁﬁdl ment

pol ar' zati ont0 beliFE A F BHBLT AR UE S WG Rb e Re T ghe Ry i
create the long pass filter, i.e., a filter which passes longer waveleng“hs

As discussed below in detail, the invention achieves various benefits
including cost reduction through the use of lower cost dichroics and/or
filters for color separation, brightness enhancement through at least partial

15 and, in some embodiments, complete polarization recovery, and high
contrast between "on" and "off" pixels in the light transmitted to the
viewing screen. |
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic drawing of an on-axis layout of a prior art

20 projection system employing three reflective LCD panels.

Figure 2 is a schematic drawing of an embodiment of the invention
which employs a dual channel polarization beam splitter capable of
providing full polarization recovery.

Figures 3-5 are schematic drawings of an embodiment of the

25 invention which uses a polarization beam splitter composed of polarization
beam splitting cubes. Figure 3 shows the light paths that create the
image, Figure 4 shows the light paths for "leaking" polarization through the
"illumination" diagonals of cubes 264, 26B, and 26C, and Figulfe 5 shows’
the light paths for "leaking" polarization through the "imaging" diagonals of

30 cubes 26B, 26C, and 26D.



| mage, Figure 4 shows the light paths for "leaking" polarization through
the "illum nation" diagonals of cubes 26A, 26B, and 26C, and Figure 5
shows' the light paths for "l eaking" polarization through the "inaging"

di agonal s of 30 cubes 26B, 26C, and 26D. WD 00/63738 -7- PCT/ US00109566
Figure 6 illusgy %?nﬁ” enbodi nent of the |gyent|on whi ch acg@ﬁygﬁmﬁmﬁhrgh
contrast ratio through the use of half wave ‘plates oriented at 45 or 13

Figure 7 illustrates the effect of a half-wave plate oriented at 45 or 5
135 where the dashed Figrﬁee%hﬂ%&réﬂasaﬁlewﬁdae@n%ftth@eﬁ@momm&ﬂzew)eveglas of
the plate, the horizontal axis shows pol ari zation of the incident

light, and the high¢watrasaxago @m«ghrheup@o%halfmaweﬁlws prientel At AP o ed
light. Figure 8 |1§ conbination with Tables 1 and 2 illustrate the manner in
whi ch the | ayout ?'Fi gure 6 achieves a high contrast ratio. For clarity,
10 reference nunbers _BigeiraOtilladteavas ihe effécs of edialewabeiplate utiented dthib°same as
those of Figure 6 ure 9 sh riation of.th I.me f Figure 6
wherein hal f5vvar}§5 g?"é"sth& ‘fé gé@inﬁ)ﬁ ‘V”%lfher ﬁ’ee(ft ftggg%sqtg%rt %B‘é’ﬁaflﬁr e,
rather than all tﬁ@b’fate Ghe %Bﬁz&&%?&m@%hb@g tH@pblagizaabAbf #af ineilcAEHRht,
splitter of the 15 I nvent i on. gure 10 illustrates an enbodi rrent of the

i nvention which enpitbygertidal exisis qw GhQ:qugrlé{m% Ogﬂ}el txapsTadiadclaghtc | |
three LCoS s). Figur epil; blul_f% a%m%%ﬁ %?‘{F QQHﬁs?t?é‘%e&thn%ﬁ%r in

channel s for the enbo ment o ure or egol ng draw ngs, which
are incor por at edwhiclatic lagaasmtaftﬁhg&e Padtiewds 4 highspetiabi cxia. ober dlatipst rat e

t he preferred enbodi nents qf the enti.on adto ef her tﬁ_lthe

descri pti on, 1@er TRICTEHCE RYIRNEES R¥fH %ﬁ&’ﬁ}%{l}lﬁ 5?“% U Wv'élr‘iltvgf 58 to be
under stood, of conds8@f Fidiat gPoth the drawi ngs and the description are

explanatory only and are not restrictive of the 25 invention.
Figure 9 shows a variation of the embodiment of Figure 6 wherein

half wave plates are used only at the interfaces between three, rather than
all four, of the cubes making up the polarization beam splitter of the

15 invention.

Figure 10 illustrates an embodiment of the invention which employs
three liquid crystal on silicon devices (i.e., three LCoS's).

Figure 11 illustrates color overlapping from different channels for the
embodiment of Figure 10.

20 The foregoing drawings, which are incorporated in and constitute
part of the specification, illustrate the preferred embodiments of the
invention, and together with the description, serve to explain the principles
of the invention. It is to be understood, of course, that both the drawings
and the description are explanatory only and are not restrictive of the

25  Invention.

The reference numbers used in the drawings correspond to the

following:
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



The reference nunbers used in the drawi ngs correspond to the followng: 1
first side of polarization beamsplitter 2 second side of polarization beam
splitter 30 3 third side of polarization beamsplitter 4 fourth side of

pol ari zati on beamsplitter WO 00/63738 _8- PCT/USOQ 09566 5 pol ari zation

beam splitter Q. jagapal of polarization begmsplitter 7 di o/09%66
pol ari zati on beam sp |§]tter 8 reflective LCD'5 9 reflective E%%ﬁ%%) red

reflective LCD 12 green reflective LCD 14 blue reflective LCD 16 |ight

source 10 18 conventimnal gRoldkmati-at haam,splitting cube (PBS cube) 20
color cube 22 projection Iens 26A polarization beamsplitting cube 26B
pol ari zati on beam spl9tti fgagamsbof nBariggigrobeath spktteh beam splitting cube

26D pol ari zation beary spl :%#Og%gﬁfﬁog?ﬁ?%“mg @8111%} zation beamsplitting

cube 26L |arge polari zat I'ng cube hal f wave plate 20 30
sheet polarizer 32 redl refrkfedtived.ClT0S 34 green reflective LCoS 36 bl ue
reflective LCé)S 38 coé or %ﬁé}&%e (‘fﬂbe (dichroic prism
10  red reflective LCD
12 green reflective LCD
14  blue reflective LCD
16 light source
10 18 conventional polarization beam splittiﬁg cube (PBS cube)
20  color cube
22  projection lens
26A polarization beam splitting cube
26B polarization beam splitting cube
15 26C polarization beam splitting cube
26D polarization beam splitting cube
26S small polarization beam splitting cube
261, large polarization beam splitting cube
28  half wave plate
20 30  sheet polarizer
32  red reflective LCoS
34  green reflective LCoS
36  blue reflective L.CoS
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



25 40 conpensator 100 output light to projection | ens DESCRIPTION OF THE
PREFERRED EMBODI MENTS As di scussed above, the present invention provides
optical systenms 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 pol ari zati onyf@yos 4@ 00/ 63738 _9_ PCT/ USOY 09566 pol ari zat pefrusishisdse t he
"of f" pixels | eave the polarization of the i'ncomng |ight unchanged.

Refl ective LCDs of various types now known or subsequently devel oped can
be used in the ppakkizationfwhiethdeehpixels lehbe ehgpolarahliyn of tte inbormingent i on
can be used wth reflective, polarization converting, pixelized panels of
any type, whet heli88} unghanged; quid crystal material is used to achieve the
pol ari zation change. Refle®R%9,@bs SE2G{duRLLHEL ndd &nbiR orR@EBARIatIyr e is

enpl oyed t hroughout this specification, it being understood that the use
of this nonencl atievedopest eaat be weedriddle poadticaiof theinvertipe. dforeigenam@liynttent i on
I n any way. The L te of...t hey i h QL ' ed;wth
two or threegre?rﬁ}éaggil%becgﬁéﬁsu@q'%ﬂbﬁ%ae? ﬂﬁgﬁ%%@%a%@h%%%%rﬁ? ﬁg&?’?‘g‘%t for
the LCDs can bephhelssfary (Bee whetierevrainp ladiquid grirstaldnateriadiid hexdetot (see,

for exanple, Figures 2, 3, and. 6). 15 In the c of. at system a
col or wheel is udE¥evoths Rplerieation shangecdioyeas .SC%tl?%%:li%novm, i mage
quality is mainl ﬁoﬂ@ﬁ&gtlﬁ? 968 ToyelitBRughtut thit BEe SRR, E%%pﬁ&éﬁétood

between the intensities of the-primary <colors being R G B = 30:60: 10.

Accor di ngly, onetkasgheash of this aomeoclabpre is pot intended tp kimit ihaascere affbe cDs

for a green an ng . r LCD in 20 conbination with a col or wheel

for a red/ bl EQ cﬁ?ﬁﬁgpglﬁﬁggg%%groach results in a loss of light of only

about 20% i.e., 0.5(BRe dptifd} syst2fti%oof The inventibaican tkeempésnemdd satlotwo or

t enperat ure of ite | ight he.screen, t.he .r.ed/blue col.or.whe n
Yep é?flgcﬁw@ 33?%?@11‘5% a&zgéﬂn (?E)l;lber incoming ﬁght for eeLCf)%

I ncl ude a green

can be the same (see, for example, Figure 9) or different (see, for example,
Figures 2, 3, and 6).

15 In the case 6f a two LCD system, a color wheel is used to produce a
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, é.lc)ng
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



fromthis channel. Alternatively, a color wheel can be |ocated between the
25 light source and the polarization beamsplitter wwth both LCD panels
operating in full color. Instead of a color wheel, three reflective LCDs
can be used, along wth one or nore dichroic prisnms and/or dichroic
mrrors and/or ilters to produce the red, green, and nel s-
In such a case‘?’ggh’g{%’{ the 30 beans producé{?“by the polariza ?%Nﬁﬁ)gfg%ﬁ?
splitter will be.used for the green channel and the other beamwill be
split between t e angbh Ui MOOAQHAIT Ausehho BEHSONL 09PERa ehignnel s
When a dichi oic prismis used to separate the red and blue channels, an
optical path | emjennelsrpenptitdrpath lorgthepmipeysdtar iaprederiahin ingludgdde the
channel (see, for exaggl el(Fi gur e 1%%3 ?ﬁ'{.thet f or egoi ng' gener al
description as BASRYFBOR! G954 SFaRPis A E%%4 Pl now be nore fully
described by the fol [Withnige feagbingigehfia] axaryiim as ackgpdndd the irstention
exenpl ary enbodi ngnt of the invention i.s sho in Figure 2. This
embodi ment erfpl o4l neW pe sera filly dessribsd bin thp follevanemondymyiing pxpgoples. o, 3
and 4 and diagonals 6 and 7; (2) light sgurLgfe@i!lumnator) 16; and (3) 10
reflective LCDs 8 and 9. As shown in Figure Z,  1ight having S-polarization
(continuous |ine) is 4 &fitestmglay ceduoididengefithe inwritian isishhwnhakiggre 2.
P-pol ari zation (pr.oken line) is transnitied t.hr ' ngl this
way . compi et o usHyS SGfbankBe dplou Y ahlFfalitp s filfilerls BEARRsaden | 0
i.e., full polard,zaahant aeCdgsnals 6 aad;¢2ckghtldukte (lnmniratbrrl6; land{8)
havi ng random pol ari zatjon fromlight_ source, 16 |sS. separated into ..
S-pol ari zed ¥hd ‘P-%Eﬂ%&Lgpa &Q%?- $ SH?‘&Qéﬁiilg‘ﬁ'ecﬁig%BE‘é?’%'W%rﬁéM
sputter 5. The %&Rﬁzﬁ!dis?liﬂe?ﬁbfeﬁg&t,_%lfi:a‘%%?'a@ﬂidfdg%ﬁhﬂ'vﬁgﬂl@élht?aaﬁﬂgl after a
re

second reflection fromdiagonal 7 illum nates LCD 8. Li ) ected from
"on" pixels of IRCpoRrizatingdbrofeh dinkymttromsmistddedonesiPeaan pigganily dg thisght
whi ch passes thr ' nal nd. 6.an r kect.i.on; s (not
Shown 1 B gur 0 B SpBERREHEee & R Tes BRPRRER A DuoRlch B! BB

i.e., full polarization recovery is achieved.

15 In particular, light having random polarization from light source 16
is separated into S-polarized and P-polarized light at diagonal 6 of
polarization beam spﬁ;ﬁter 5. The S-polarization is reflected from diagonal 6
and after a second reflection from diagonal 7 illuminates LCD 8. Light
reflected from "on" pixels of LCD 8 changes polarization to become P-

20 polarized light which passes through diagonals 7 and 6 and enters the
projection lens (not shown in Figure 2). Light reflected from "off" pixels
does not change polarization and thus is reflected back into the illuminator
16 by diagonals 7 and 6.

P-polarization from the light source passes through diagonals 6 and 7

25 and illuminates LCD 9. After reflection from the "on" pixels of this LCD,
the P-polarized light changes its polarization to become S-polarized light.
This light reflects from diagonal 7 and after a second reflection from
diagonal 6 enters the projection lens. Light reflected from "off" pixels of
L.CD 9 does not change polarization and is reflected back into the

30 illuminator.



does not change polarization and thus is reflected back into the
illumnator 16 by diagonals 7 and 6. P-polarization fromthe |ight source
passes through diagonals 6 and 7 25 and illum nates LCD 9. After
reflection fromthe "on" pixels of this LCD, the P-polarized Iight-changes
its polarizati g foRzgcone S-polarized |i gh% This |ight re{,é%g@mggs@m

di agonal 7 and after a second reflection fr }n di agonal 6 enters
projection lens. Light reflected from"off' pixels of LCD 9 does not
change pol arization angcigatd Efcbleﬂxﬁéi%é?&%hé SrBedt, NBe 3Pstbinl db QR DEcIoMO

00/ 63738 -11- PCT/USOQ 09566 To create a color inmage on the screen, the
system can use adi6rhen iliyeisatisn sidel luof nrdatication bram sphittend adileapabvelgeam

splitter 5. Ate f t g.,
a green LCD on sf’%ag}tfwl#%aﬁe&sgbeam§é|ﬁo§9t§%gr'é%§’dé'g'é§%5%% %?g)ediégé%tglgde 1
of the beam spl i bé®en,splitieh abdtrbd ané 8lenbChkwe s$dpdlofitherimchnh splittet ovibly
separated using col.or di.chropi , chroic

P hstraced | rhyradant b Spderaien haife Seriatiings PRl can be
cemented to pol aphFAididiroRR BRI thd Bfpe iHush¥adsl inf Fighth 1@AsEYigzansdde used
in front of each LCD to decrease the size of 10 the polarization beam

splitter. Agai n,b?IPWdeS| red, these, field |l enses can be cenented to the

pol ari zati on beam spljt I% tlc@%@ﬁ%?gq}s%q{ Ige%rﬁrggfrté ?ﬁéﬁ%ﬁ}&a Bladkl Puk&Rr2

i nclude: (1) both po i zat 1 ons ght um nat or are used
whi ch i ncreases 5h&sdaﬁebﬂenmanrbet¢mdanrfsmt of(eﬂc)h RS ®y@msb§heempaxft

and (3) the m1l ni f cantl | nCc eases arizat.i.on efficacy of
the pol ari za cﬁ’fmé% t’ ttfj’f"dég%llélslf e@ﬁeg éaldolﬁn?aﬁ}eca?gb? een
since light pass¢dageri1,earfb tlﬁé’lﬁolb_{-lhmmﬁégg_ﬁ splittefe LCDs |nt eracts with the
pol ari zati on beamsplitter' di agonal s tw ce and |ight passi ng t?\l\llt\,\een t he

LCDs and the project |%‘i1f’4”éﬁ%es 05¢%cqnﬁ%wa@9§ ofFigire gRangdgo kR Bo
This last advant ggericafieliEof thh fight AoGHHYiREnhr AYEE U intAlases the

-brightness on the screen; (2) the system is compact; and (3) the system

15 significantly increases the polarization efficacy of the polarization beam
splitter and provides high contrast on the screen since light passing from
the illuminator to the L.CDs interacts with the polarization beam splitter's
diagonals twice and light passing between 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%). Accorciingly, 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 general 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



exanple. If one assunmes that 2% of "wong" polarization from"off' pixels
of a LCDwll leak through a diagonal, then by interacting the wongly

pol arized light with a second diagonal the net effect will be to reduce the
anount of wrong pol arization reaching the screen to 0.04% i.e., 0.02.0.02
= 25 0.0004 (or 9%.. Accordingly, the systemof Figure 2 t he
need for addi t‘?’grqa%{%ol arizers to enhance “¢8ntrast. Exanpl eq’g’t}ﬂ{sg@ﬁﬂ’g"g 3-5
show a second exenpl ary enbodi nent of the invention. This enbodinent is of
t he general type ' T i ' . .,
changes: (1) the pglﬁ]‘g’é%féng%w@’r?fﬁ o@% ap ?glﬁgzr{g%soo\#t{ggg?nélgpsﬁjp?tt%%gh%gbggd26A,
26B, 26C, and 265) {heenthvdiaieinniont helfpt osesplstesdi8 habvoen 634 3@joiniag

PCT/ US00/ 09566 p(%l ari;. rsbSO b vveenﬂébhe adj oining faces of the beam
splitting cubes; “and° ﬁ?) TR SRANUE ARGt enpl oys hal f wave plates 28

bet ween t he adj oi ni ngFiguaees-5afholwhithel@ipaphd fot ignd Bhetarifeddigtesrdn $he how
the light paths for P ggd S polarized light fromthe 5 source oé light 16
t hrough pol ar PzatPBise s ﬁh"sb&hﬁoﬂﬁbpﬁhrﬁ#’entb@a%%? thngipaise? 80 1t8his (not
shown in these fi rd Gl :ar ' i t

propagati on of | Pg?\j% &ﬁnolr%htgl r(llgﬁsglh%ﬁ?;gfj% %?“‘?ﬁ)z IEC%S&{}AISE@’ g}sgs‘%ggsed above,
when in the "on" idustases threptopgBeatiemgBléshtteon dha o ikels of Bie LA®sr &9 ect ed
light. It is this.reflected light.that, creates,t ' e 10.screen.
Figure 4 shows tﬁéscg?sfeg&tbog?’ vf)]gefréﬁ t PBnSt %ﬁ‘?ﬁg‘mﬁ%ﬁnﬁgﬁ hé%llﬁr %Fﬁ%%at i on
part of prism 5. of¥ieire@esiad/lighanDiisithxf refiecrad lipht ahatzataes thpanagsoh though
or reflects fromthe diagonals of the prismand reaches the LCDs, this
light will bd0reff¥8®ed from"off' pixels (no change in the 15
polari.zation) and W | ighg2Nnbhe cREERER of BBESalibn Mdiling PEEEHIcRE cont T ast
of the system Figure > shows the effect”of polarization |eaking through
the i magi ng par ilwhinationmast of pristhis Wher a smallamennt ohwrongpolpripaigen s

from”off' pixel Eagsfes through or reflects from the diagonals of the prism and reaches the
LCDs, this light will be reflected from "off" pixels (no change in the

15 polarization) and will reach the screen, where it will reduce the contrast of

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 ortented 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).



the LCDs. If sone anount of this light |eaks through or reflects fromthe

20 diagonals of the prism it will reach the screen and reduce the
contrast. Sheet polarizers 30 suppress this leaking illumnation while
still allowing imaging light to reach the screen as follows: 25 30 (1) The

sheet pol arize n cubes A and Bis oriented to transm bsorb
S pol ari zati on{.vofbﬁkyvigfl transmt the usefths|i ght (Figure g%égﬁsc?g’g%g%r b

unwanted |ight between cubes A and B (Figure 4). (2) The sheet polarizer

between oubes C and Rgj s anfelbethdfu hlipRRgl oA BSoLbu SRk af | zal i on

It will transmt the usefu gure and absorb unwanted |i ght
between cubes C and D (Fitzpsenib}.and@R6r16B 28 riz3ionPBTwiliSeaneesshe( 3) The

sheet pol arizer between cube .Cis,oriented to tra ]t and absorb
P polarization. It will truéﬁé’rlrﬁgﬁ{]&éguﬁs@f%d "ﬂ?saﬁf u?ﬁﬁa%erdﬁ%t baeg‘ge%%sor b
unwanted |ight between cubbs Aaaad Gigtegare 4). S5 (4) The sheet p_oI ar! zer
bet ween cubes B and D js oriented to, transmt S ag@ aggjorb P pol arization.
It will transhit the (4Lsefiie sheghrolpmzeglretwasn subespas 249 i ght

between cubes B and D (Fitﬂiﬂsﬁ}iﬁi%'anﬁadbfsoﬂﬁp oRIre8Hn & WAI fraBSmpQiERENSAL OF S
for skew ray polarization 10 |eakage. The conpensation nechani sm provi ded

by these plates is of theusefuhbight (Higwe esdribiserh inwanid liEhtdetwaen
5,327,270, where a quarter_av I]j;\ whi,ch works in a double path, is
8 2l S it S

used. Half wave plates ar SR of Figures 3-5 since the |ight

only passes once thr diglfiwiave pldteé £8 haek askeinpessatoriofs skew Bay Polazizdtibn 15

Exanple 3 10 leakage. The compensation mechanism provided by these plates is of the
general type described in U.S. Patent No. 5,327,270, where a quarter wave
plate, which works in a double path, is used. Half wave plates are used in
prism 5 of Figures 3-5 since the light only passes once through the
interfaces between cubes A, B, C, and D.

15 Example 3

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 LCD, 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
emmbodiment 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



For the layouts of Figures 2 and 3, nechanical interference can occur
between: (1) the projection lens and an LCD, which are | ocated together on
side 2 of prism5; and/or (2) the illum nation systemand an LCD, which are
| ocated together on side 1 of prismb5. 20 A third exenplary enbodi nent of
the invention_shown in Figure 6 can be used to elimnate tP%P %]da}ogiﬁgerence
W t hout increg"gq‘?@r{"’ﬁe size of the prisnmsl4-As can be seen P I gure,
LCDs 8 and 9 have been noved from the front and rear sides of the prism

where the proj gGhio n%gﬂ% héﬁi%ﬂﬂg%f&:ﬂié’é‘%ﬁ‘%ﬁ?éﬁéb sasrh%vjn%aft‘ig'%e yQpidie sides of

the prismthus ‘avoi di em ani cal 1nt erence. As
di scussed bel owri¢itetienitadsaseath piate hé sothiatireeplaak sbpdehizeties oflighigh

contrast ratio._As.in.the enbodi nent of Figure 3, half wave plates 28 are
used in the enbAEIHEHroBRH %eg&]f/‘gga%" 9‘1?2at her than dealing with skew rays,
however, these hal finyMeicRlad! BshtTR)ie thd Bihp 189f Fagthed OHcRXRSs& i ented to
control 30 pol arization and thus enhance contrast. In particular, the half

wave pl at es 9 arthrepgl petrsgidisgoant efcthe pxissm widhedepolasized aad palthage as) ow
[ f the WD ,00/.63 =14 PCT![3S 09566 t d t ' | [
o Figure 6.  ADGHORKE EGIP RS PRESHAG0 B | T BRIEYCUAERT B ot o
rotate the plangoliRQolddlhOl ot th WlocriBASH Heid 0! B8: gl by 90.
Ight frodmthe lanp 16 o

In particular, Figure 6 which passes 5 through
the first di agohelhalf-waNepatedssddi|| be P-pol arized and will have a

hori zontal orientat i&n %%%%%Fi%ﬁ%ea ’:t@gﬁ?ﬁw% BF%temﬁrS‘ﬁgs% gthﬁgii%ggpnt he

direction of polari Zatt on of y T'or "exanpl e, axi s

for the hald WaY&tRnA@ohsh fr arfdle SPOMILHIB chidYhE pdlarizBfoh Abectiery 6f Pl at e
will rotate the polarization 10 direction through the angle 2y. In this

case, the pol arligiettwhichdiasestthesughf the lHadfrivawh phite pal de srichtalghtichly,
el veve plate MLl e STiEnted Yerticall i i eh cortesponde 1o s
hal f -wave pl at %dl&iii%ﬁ&rﬂ{dﬁqﬁl in@ddht on a half-wave plate is transformed to P
polarization upon passing through a half-wave plate.
15 , In this way, light having S polarization 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 ie., 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 Hllustrate 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 channel, 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



pol ari zati on upon passing through a half-wave plate. 15 In this way, |ight
having S polarization reflects fromthe diagonal of a prismonce (and,
only once) on its way between the lanp and a LCD. Simlarly, Iight having
S polarization reflects fromthe diagonal of a prism once (and only once)
on its way be LCD and the projection lens. Conventiaqnal PBS cubes
have a high e%ﬁ@?ﬁ%’}n ratio for reflectedl& light, 20 i.e. ,chﬂbgrﬂ?fg?ls%at ely
99.8% of the Slight is reflected and only 0.2% passes through the

di agonal . As a ,esylds; fhguatlon of Fi gur hi eve very high
contrast ratio Bgi?mé%hox}g%?ﬁﬁ%glsgg% 1%‘?%“%%?‘5 g‘g"ﬁ%figa%és%ﬁ’é%%e %}btl r’é}séll and
2 illustrate howldchiwvdrghd tight.r Bkd pastidubar erierstabibevedd wil depewdoh her ei n,

the estimated pol.arj zatiqn.efficiency .(conttast 25 of, the sysiem of
Hlgure 615 1000 Ehimed e B iedbeart dp bt b or ARghths ek SpEFELs o
only one channelTheish@et pdlhAaierdeaR bb 3hAtteWith Mndrbhiethe Tt temlpiikSbh@nd for
LCD 8 are identical.) In practice, a contrast ratio of approxinmately 700:1

has been exp@ri fesHicalcpst ifbkaspelatizdtion epasiienfithadiagenalscefing prismsegnd/or
constructed in accol ' ' 3 ! ' t of Figure
3, sheet polari ze‘%éllrl g%ﬁwggﬁeugéelgg{aﬁe%g%%ggﬁg‘gg%née&rh%uog@%ﬂgtg%‘ 6 to

I ncrease the contrast of the system ThBExM@pl0463738 15 PCT/ US00109566

orientations of thesg. sheet.. polarizers. are ected.to pass..imge.light and
bl 0ck. tnvant ed 11 gt FEPRE O Qer 2rvegiarion Sene Aot o THERE b

whet her the hal y@VRalPwalve plites REAHRA 8T At thointdith&ds HeiResh Bidleepol ari zer .
The sheet polarizers can be omtted to increase the |ight transm ssion and

5 reduce cod? iFathre thw all foun plothecabies mpkane uhdhepalgsiration bpamhwlistars ns
and/or the OF'SPEH%FiIn%ht?Jn.tF*a?tHﬁ'efm rﬁem,%%)%?%@%sdﬁﬁv@&iﬁgﬁfﬁg contrast.
the enbo 0o I

Exanple 4 Figure 9 illustrates a 'variation o I ment gure 6 in
whi ch hal f wavepgdititesn Higire Se dlypidaylyatnethanical iptérdereschwitheesystemée, 10

RIS T T T N IR R T
system's light source. The layout of Figure 9 can be used when this is the

15 case and when a lower contrast level can 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 erystal on silicon (LCoS) 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



position in Figure S. Typically, mechanical interference wwth a systenis
projection lens is nore of a problemthan mechanical interference with a
systenis |ight source. The |ayout of Figure 9 can be used when this is the
15 case and when a | ower contrast |level can be tolerated for a portion of

the nodul at e@vé}h%t/ss Exanple 5 The precedi‘gg enbodi nent s haye ReRM[sss
illustrated with two LCDs and thus can be Used with a color wheel to

create a color inmage. 20 The layout shown in Figure 10 uses three LCDs

(red, green, ang@pedthiy usetifo fh< Al P BRIBRMALAH1Rs IshewaXhFifasesl. oWitthe
prisms, to reproduce a color inage on the screen and does not require a

col or wheel . Thehisdmeoutagreen lighkrknswe rathing abpatred and king light agd Gandye
(LCoS) type. A Eﬂfe%dh{o Ac%%ve%gﬂg @Siof{m%@ {%11{1]1' b éogiy?ﬁs%rw Qlerf](ﬁ%@fl@g on

the 25 surfaces prisms I n ron each LCD to pro bal ance
and color puri ﬁytefsarlrtdtrtdmm ehch:d@mpmém 38Alsed in sheRRB3 thdnmal ceaﬁnelmétlpé aced

at the interface tween di chrai c. ri,zatio litter
5. The red afd gqv[ugl%ﬁ%?ea g‘f“& i/cqsg 4% gﬁcgﬁseonaeb ol aaﬁlu%gﬁm fffter
channel and t hecg BeRiséddR frént cffefahﬁo@tﬁ'ei‘lblu@@hah‘ea&lﬂdﬁh haemebp afiki s 30

arrangenment al |l ows one to increase the | um nanc eff|C| e of .t he sftem
by over | appi ng #¥sidwal lighs ef thenwrpngcolarwiigh ggt ﬂﬁ‘e‘i qifdiggen

00/ 63738 -16 P spectruns used for the red and bl ue channel S as
G -

shown in Figur . is layout, green light "knows not hi ng about
red and blue |ight ahAdomaendsdor 40 Laebeas¢diamakevhe dxeiscrai@dthdﬁr{ﬂt derrity

briem 38 uold | ReCRa e BraRRel? e e b cpRetipa B IRl S sk
reduci ng its colght. Brefdrablis sleslcakpattsater will mcrwdbmlﬂltees oxmanrn mmed in

front of each of the blue and red LCoS s to._cl Olal ‘gﬁ/ resi dual, | i ght of
the wong col or “WhPEHhiskis ashegwpss dher andither 9d'l ganet isdene gashplPe prism

38. A conpensat gf ¢ifif3 168 BRbURREA AvEBK BrddiCABKIGR! (RAGtwE Bltels §fhis
type is less expensive than using a single green pass filter.

15 If desired, the compensator can be replaced with a second dichroic
prism and a fourth LCoS can be added to system. This fourth LCoS can be
used, for example, to increase the amount of blue light which reaches the
screen. See, for example, Figure 2 of Japanese Patent Publication No.
10-253922, referred to above.

20 As shown in Figure 10, the polarization beam splitting cubes can
have different dimensions to reduce the optical path through the prism
eystem. 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.



10 green light substantially equal to the optical path lengths for red and
blue Ilight. Preferably, the conpensator will include two filters, one on
each side, one of which is a short pass filter and the other of which is
long pass filter, so that their conbination gives a green pass filter.
Using two fil this type is |less expgnsive than using - 3hdA@ke 9r een
pass filter. %ﬁsﬁwﬁggsired t he conpensatoﬂgcan be replacedgﬁu?ﬁ a second
dichroic prismand a fourth LCoS can be added to system This fourth LCoS
can be used, for examlituy oPol1ie Rl odiiisdA HoGht Bbyer i tn ol
reaches the screen. See, for exanple, Figure 2 of Japanese Patent

Publ i cation No. andGpeagabthe insensionewill be avidort topmpraenssHorAinany Ekiglingheo,
the polarizatio ubes t: to
reduce the opti crélt #)ﬁ%mt ﬁrpet éélbﬂﬁr eremr @%fo@@@é% ddliﬁsfﬁglﬁgénﬁg%gg%r t he
si des of pol ari th¢ Bmlﬁeallﬂibsthmdﬂteéetﬁ'oi‘t&\/lﬁaram a1 ephed suchinhdifidaliensa 1 at,

configuratiog. Note that t litter remains symmetric about diagonals 6
and 7. 25 Al Phodghakigagiande %%Pﬁ%nts of the invention have been
described and illustrated, it is to be understood that nodifications can

be made w thout departing fromthe invention's spirit and scope. For
exanpl e, although the use of a dichroic prismand conpensator has been
illustrated in Figure 10 for the enbodi nent of the invention shown in
Figure 6, this 30 approach for achieving a full color inage can be used
with any and all enbodi nents of the invention. WO 00/63738 _17-

PCT/ US00109566 A variety of other nodifications which do not depart from
the scope and spirit of the invention will be evident to persons of
ordinary skill in the art fromthe disclosure herein. The follow ng clains
are intended to cover the specific enbodinments set forth herein as well as
such nodifications, 5 variations, and equi val ents. WO 00/ 63738 -18-

PCT/ USOQO' 09566 TABLE 1



Val ues for the Pol arization Properties of the D agonal of a

Pol ari zati on Beam Splitting Cube transm ssion for P pol arizationO. 8.

transm ssion for S polarization0.002 reflection for P polarization0O.2
reflection for S polarization0.998 TABLE 2 Light Intensity at the Lettered
Locations in E Li ght LocationLCD is "on"LCD is "off' er the
source of ligh qlﬁ}ﬁ?iﬁBTr ansm tted throughl%. 0020. 80. 0020. 8 5?5’3%?\@'%&&6
Clransmitted through half 0.80.0020.80.002 wave plate DReflected from

di agonal 0. 80. 00040. 80. 0004 ERefl ected fg(mpgk4D0. 00040. 80. 80. 0004

FTransm tted t hrough 0. 8E-60. 640. 00160. 000327 di agonal GIransmtted through
hal f 0. 640. 8E- 60. 000320. 0016 wave plate HRefl ected from

30000040 1650 SN IOt O i 000 1

second, third, and fourth olariz

Typi cal

transmission for P polarization 0.8 .
transmission for S polarization 0.002
reflection for P polarization 0.2

reflection for S polarization 0.998

TABLE 2

Light Intensity at the Lettered Lacations in Figure 8

Light Location L.CD is "on" LCD is "off"
S P S P

A | After the source of light 1 1. 1 1

B | Transmitted through 0.002 0.8 0.002 0.8
diagonal

C | Transmitted through half 0.8 0.002 0.8 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 0.86-6 | 0.00032 0.00186
wave plate

H | Reflected from diagonal 0.64 | 0.16E-6 | 0.00032 | 0.00032
Total light from the prism 0.64 0.00064




sides and two pol ari zing diagonal s, said diagonals intersecting at right
angl es, said sputter being symmetric about each di agonal , 17 Qteber 2003 ght
having S polarization primarily reflects fromeach diagonal and |ight
having P polarization primarily transmts through each diagonal. 2. The
pol ari zation beamsplitter of Caiml wherein the first, second, third,
and fourth sides are substantially flat. 319The pol ari zati on beam splitter
of Claiml whereignihie first, second, third, and fourth sides are stepped.
4. The pol ari zatTon beam sputter of Claim1 wherein the sputter conprises
four polarization beamsplitting cubes, each cube adjoining two other
cubes al ong twolof iAgolatzs¢ionthea®hepliptirdravieg fivat, $rsand.sihind, enddewthai m 4

wherei n the pol ari zat.i;on amsplitti cuhes are. all i al l.y the
same size. 6. The poPSry 33&?‘6?11’%]@5%%&???%%’0891 léaig%n%g\l)i\ﬁéeﬁrgél%%{n%\/\% of the
cubes have a first spheaaglds, toad GilittdideinPasnhantc Abaacacl digomal,7. The

pol ari zati on beamsplitter of Caim6 wherein the two cubes_of the first
size are located al oWgersie lighbhaviag SeplanprbionpripasLy r%tllfeclt?lgo”b%"t‘@nd si ze

are |ocated al ong thg,gbhar i 138878kindp pbliLiRAsbadriak BNt A8MERhiddr of
CGaim4 further conprising a sheet polarizer between the adjoining faces
of at least two cubesachdliagimalpol ari zati on beam splitter of Caim8 wherein
a sheet polarizer is ocated..bet ween _t.he ~OJ: N fac f I r
cubes. 10, The fol ar TasPPAHERuGR bERR pllEr B CHM TRTLPARTRE Sl beccbldl
hal f wave pl ate bethirl) shddowdh @iddisnge tabstantibllpfiat.east three cubes. 11.

The pol ari zati on beam sputter ,of Caim,210 ei n, each .hal f Ve l,ate is
oriented so as o cohtePPlagzpuPPeEREP F@ﬁ&&g@ ]pﬁ’l%ﬁ}"?l?ghelﬁ%ﬁﬁfec dto
convert P polarized {{iffMtaniQomrtRUdREi 28 dtdppadt . WO 00/ 63738 -20

PCT/ USOQ/ 09566 12. The pol arization beamsplitter of-C aim 10 further
conprising a 4. The polarization beam splitter of Claim 1 wherein the splitter

comprises four polarization beam splitting cubes, each cube adjoining
two other cubes along two of its faces.

The polarization beam splitter of Claim 4 wherein the polarization

Ot

beam splitting cubes are all substantially the same size.
6. The polarization beam splitter of Claim 4 wherein two of the cubes
" have a first size and two of the cubes have a second size.

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.



sheet pol arizer between the adjoining faces of at |east two cubes. 13. The
pol ari zation beamsplitter of Caim10 wherein a half wave plate is

| ocat ed between the adjoining faces of all four cubes. 14. The pol arization
beamsplitter of Caim13 wherein each half wave plate is oriented so as

to convert S I.zed light to P polarized light and to c 6
pol ari zed |1 9%4)%&3@%0' arized light. 15. “Zhe pol ari zati on %ggsé%o%tter of

Claim 13 wherein a sheet polarizer is |ocated between the adjoining faces

of all four cubes, e gherpokiat baahiauRPBNTRR 1 Rhudl EChfhiBide furt her

conprising a dichroic prismassociat th a portion of the third side
and an optical pateheehpolaricenpemsanche adpodnatagswl ehleasptive pafesof t he

fourth side. 17,.,Th ol ari.zat.i on beam.spl i 4 aim f;
oy st gt Lot BROpORHERNHEPe SR 3BLRRE bt CBimCo Th8ldly Bh i Db ae
associated with thesdocabsdbetwoehshe atpbikng fiekloéallifver cybebari zati on

converting, pixelized panel, associated wth e optical  pat engt h
conpensat or . _133‘.1- Th&‘epﬁf{’léf-‘?%%ﬁ B?ﬁrséamtsbpf {z{g’é’fn Werkh _e:aL‘r’Lf h?ﬁ%’é‘r"e _
conprising a first dbchcQienidd SMARREIELIpNhEiRed1i POl {d PRoRkizEAGhbI I d

side and a second dichroic prismassociated with a portion of the fourth
side. 19. The pol ardushtoi convesdhpelptized Bghtoto Tpelamzed ight-t her conpri sing

two reflectivey:polgrizati.on.converti P Xel Z lyal: W th
the f1rst i chr 5o pRishRaHERGERE sbiifter Bt CRp RE YRGB ABSOEURLES
pi xel i zed panel s assedscatebbetiiebn the adpidnng fates of alldoyrdubes. 20. An opti cal

system conpri si ng: a pal arizati on pheam Ltte ccording.to Claim1;
(b) a light sout®e #’@felpﬁl_ﬁv%ﬁl%gﬁ%ﬁpﬁ%?afs@%ﬂ%]oﬁ" CHNBITTTAE si de of
the polarization beamspld J4&h asédlatdd i & pbitth bfhS thad si@cendung | i ght
passi ng out of a portion of the second side of the polarization_ beam

sputter, said secondptiskbeathdengthoepmusinsator @ssasiated wath apgetiompiitheD
00/ 63738 fourth side. '

17.- The polarization beam splitter of Claim 16 further comprising two
reflective, polarization converting, pixelized panels associated with
the dichroic prism and one reflective, polarization convertiﬁg,
pixelized panel associated with the optical path length compensator.

18.  The polarization beam splitter of Claim 1 further comprising a first
dichroic prism associated with a portion of the third side and a
second dichroic prism associated with a portion of the fourth side.

19. The polarization beam splitter of Claim 18 further comprising two
reflective, polarization converting, pijceli.zed panels associated with
the first dichroic prism and two reflective, polarization converting,
pixelized panels associated with the second dichroic prism.

20.  An optical system comprising:

(a)  a polarization beam splitter according to Claim 1;

(o)  alight source for providing light to a portion of the first side of
the polarization beam splitter;

(c) 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



~21. PCTIUSOO 09566 (d) at least a first reflective, polarization
converting, pixelized panel and a second reflective, polarization
converting, pixelized panel, each panel serving to nodulate |ight passing
fromthe light source to the projection lens. 21. The optical system of

A ai m 20 wher gjdyold@isfirst panel is associﬁ]ed W th a port beRusfocbdse first
side and the second panel is associated wth a portion of the second side.

22. The optical systemof Caim20 wherein at |east one of the panels is

associ-ated with a pofdyi orutqbadthefidsbidrtbetive fRdidatsdd@mveitihd)@ixdlizedr i zati on
beam splitter. 23. The optical systemof Caim20 wherein at | east one of

the panels is associat ecPatiel And heeedmdrgflastine. splarivatignIcanY¥4tion beam
splitter and at | east or}ﬁxggﬁgr agle the, ﬁ%&?'gér&iﬁ%%%ﬁh%téﬁg%bﬁséiﬂg

fourth side of the polarization beamsplitter. 24. The optical “system of
C ai m 20 wherein the pol dromahe dighbsante gpihietprejectionpgrisses two hal f wave

pl ates, each of ich, is oriented so. as ..o .convest lLard. ! to P
pol ari zed | i ght 2&nd '?Be BBH%PYS@%?}IIQPH&@ W}?egrﬁfn f]%a %ﬁggf@%}. 1%2& Sl{c}%ﬁ , and
at |east some of thewlththportithioflihd Srdt@ed setithysdcbrd panglds abamidteds i s
| ight that has passed. _through the two half wave plates. 25. The optical

system of C ai m 20 wiihet portion of sherpecond s86- beam splitter conprises four

hal f wave platesy eapll gfyillisGhehSofQifR 8%y G eid St kAsSANATthe SaRelsat i zed
light to P polarized I'ight and to convert P polarized light to S polarized

light, and a first passbeiatedowithhepdriighof thehihdtd psfouzthesidesiofbihet he
projection lens is Ii%ht. t hat, has gﬁ%sed t hrough two of said four half
wave plates and a seRBAHZMAE PR SPIERS | ight which is received by the

projection |ens2gs |TehbplikdlsysRe Fadsaal 20tdliceghat kastoddresf thapaatlssai d
four half wave plates. 26. An_optical syst%nilco rj si.ng'b ggl) 3 POl ardi ztat I on
beam splitter for pré#aeris vith thesgd gide of the polarizationl beam sphitter and a

least one other of the panels is associated with the fourth side of the
polarization beam splitter.

24. The optical system of Claim 20 wherein the polarization beam
splitter comprises 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;



pol ari zed light; WO 00/63738 -22- PCTIUSOQ 09566 (b) a dichroic prismwhich
recei ves one of said beans; (c) an optical path | ength conpensator which
receives the other of said beans; and (d) at |east one light filter
associated with the optical path Iength conpensator. 27. The optical

system of C ajm 26 wherein the at least ong light filter cpuopr L wo
light fil tersw&‘?wﬁ)’ﬁ%si-te sides of the con%%nsator, one belpng %ﬂag%grt pass
filter and the other being a long pass filter. 28. The optical system of

Claim 26 wher ein twopef LEgLig: pROLANRAl L HRELLd Bbak xe! | z6d panel s

are associated with rorc prism and one reflective, polarization
converting, pixelized) para ontizabpsthcieaggdcampdnsebe wiich eegeivrstthe|oghep of
conpensator. 29. A nethod f i nprovi ng the contrast of a projection system
enpl oyi ng at | east one réﬁf‘gﬁﬁﬁﬁ,&“ﬂm ari zation converting, pixelized

panel conprising pasghng dtilgdth ohs tigha filteg Bbscrite ¢ eritiothiehptivhkpatihzledgtipanel |
nmodul ating the |ight at the pixelized panel, and passing the nodul ated
light to a projection | ef8PEAEIN: (a) between the |ight source and the

projection ensgrat heashuicI9URal of i AmoRBS B ANEST RIS ave

plates oriented so as to trahsform S polarized |light to P polarized |ight
and P pol ari zed | i ghtontmris®spwbadight &dtelrs ghopp¢dile Hdesnidhe coEPENGHPL KB6r ce

and the pixelized panel, the i i nt er.act | [ i on
di agonal s, the Ii gh?bmﬁ%@iskﬁ]‘@r@aﬁg@?efﬂ B o }‘Iéeﬁ%é %?‘“ggg#%sifﬁt%éjf acti ons
and having P ppgariThd bsticdl @ysteheofatlagh 26 whadeth twe exflectivensilarizatibr( c)

bet ween the pixelized panel and_the projection len&, .thh A.ilgrht I nteracts
with two polarizati ﬁnapgwqu@,llzgcﬁ]gap? rge associated with the dickroic prism

and one reflective, polarization converting, pixelized panel is
‘associated with the optical path length compensator.

29. .A method for improving the contrast of a projection system
employing at least one reﬂecfive, 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

{c) 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:



having S pol arization for one of said interactions and having P

pol arization for the other of said interactions; where an interaction with
a polarization diagonal involves: W 00/63738 -23- PCTI US00/ 09566 (i)
primarily transm ssion through the diagonal if the light has P

pol ari zati on; Li,) primarily reflection_fromthe diagon | | i ght
has S polari zvg{)]?%%ﬁs%. A net hod for irrpr‘g@T ng the contras'?Jccﬂdcsznatﬂ(Bgs6 °
proj ection system enploying at |least two reflective, polarization
converting, pixelized paggls iﬁ%?gfﬂ)strggsﬂ%%ﬁn%rbﬁghﬁhef diaBb@all if g ligaur ce
to the two pixelized panels, nodulating the light at the two pixelized
panel s, and passing the nodullasdipblagization; andor oj ection | ens, wherein: (a)
bet ween the |ight source d the pr.ojection £ : . ] fgthe
| i ght passes through fi rs@lﬂancpré%g'gﬁ}dr%éef:ﬁon\%\rg\%thﬁla%%gé&gﬁgﬁgéée}g&l%S
portion of the |ight passes tdulsigdtidohi rd and fourth half wave plates,

each half wave plate being oriented sQ as to fransform S polarized |ight
to P polarized 19%ht Aaﬁﬁt}p%rf&' HRPTOXRg ﬁ'&tﬁo"%%‘sgo TJBFOA??mﬁoé“dé) Stght . (b)
between the |ight soWp(g,andaeach Ao HIRcve, flxgldtitconparths pitdiizelli ght
interacts with two polarization diagonals, the light having S pol arization
for one of said interaesicomprising pessinggightfnm e BErtisgHreedP thR&WEt her of
said interactions; and ¢c);between f i bs RPfGlels, and the
projection lens, t hepf:"l?é:fﬁ%d P%?ee?’a%?(g‘%\%\na?% tP%}E%%%g?ﬁzéﬁ %]%Sﬂ%il agona?’s, t he

| i ght having S pol ar hzdtpassing the andubdited dight td apevjectidolessambiereavi ng P

olarization for the other of . said interactions; ..
P (a) between the ﬁght 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 oriented so as to transform S polarized
light to P polarized light and P polariied 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 having S polarization for one of said
interactions and having P 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;

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.



where an interaction with a polarization di agonal involv%i; éi%'prinarily
transm ssion through the diagonal if the |ight has P pol rPotabs 03and

(ii) primarily reflection fromthe diagonal if the light has S

pol ari zation. 1 7 Cctober 2003 -24 . 31. A nethod for inproving the
~contrast of a projection system enploying at | east two reflective,

pol ari zati on converting, pixelized panels conprising passing light froma
|l ight source to the two pixelized panels, nodulating the light at the two
pi xel i zed panel s, and passing the nDduLatgd light to a projection |ens,
wherein: (a) between the |ight source ané the projection lens, a first
~portion of the light passes through first and second half wave plates and’
-a second portion of the I|ight passes through third and fourth half wave

pl ates, each half Wave plate being oriented so as to transform S pol ari zed
light to P polarized light and P polarized light to S polarized light; (b)

bet ween the |ight gource d.each of .the two, pi i " the |ight
interacts with tvvgipo_l ‘gﬁ’e}gf’? g"ﬁ Iﬁ'ipﬁ‘bvdﬂ%ﬁé% co{’ﬁ’%sf(lgflg%ﬁl%glﬁgfég%&gmpoI ari zation
for one of sainplofingradtédsobso aeftbetionipotprRatipn kenvering opixéloredipaselet her of
said interactions; ,.(c) bet each.of .the t i xel i.z -and t he
proj ection- |°€H§{ﬂﬁﬁe?’ﬁﬂa}ﬁ%ﬁ&%%’§£ﬁ?w? %t}%owgrﬁlﬁgﬁegﬁgg%%bonal s, the
| i ght havi ng.jSe@slkEhi TR light dtahe owe pbielisal paricld, andgiabging theohodhlavédyg P

pol ari zation for the ofher of said jnteractions; and (d) all inmage-form ng
light that rdirde apraiepion e BRETFEs from the light source has: (i)
interacted with a(pol apitaabh i Higonade AHetthe pRojbdtion leghta fisbpoxtnand

el L zed panel and, Al Hon? Ghsted MhoShaK hrdhna A8 e RRLIBIRELY P

and a second portion of the light passes throix_gh third and-
" fourth half wave plates, each half wave plate being oriznted 8o
" as to transform S polarized light to P polarized light and P
polarized light to S polarized light; '
(b) between the light source and sach of the two 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;
{(¢)  between each of the two pixelized panels and the pfojection
" lens, the light interacts with two polarization diaguhals, the
light having pélariz_ation for one of said interactions and
having P polarization for the other of said interactions; and
(d) all image-forming light that reaches the projection lens from
the light source has: | | '

(i)  interacted with a polarization diagonal between the light
source and apixelized panel and, aftor said 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;



(i1) interacted with a pol arization diagonal between said _pixelized panel
and the projection lens and, after said interaction, hasThQ§toper2R3 |y P
pol ari zation; 17 Cctober 2003 -25 where an interaction with a polarization
di agonal involves Wprimarily transm ssion through the diagonal if the
light has P polarization; and (ii) primarily reflection' fromtbo diagonal
If the light has S polarization. 32. The netbod of Cairn 31 wherein the
proj ection systern enploys only two reflective, polarization converting,

pi xel i zed panels. 38. The nmethod of C aim 31 wherein. (i) the projection
system enpl-oys three reflective, polariszation convorting, pixelized
pAnels; (ii) between the |ight source and eAch of the three pixelized
panels, the light interacts with two pol ari zati on diagonals, the |ight
having S pol a%i zation for. one.of ﬁai.d 1;l nt&r act ilons and having P

pol ari zat i on YBrreafeingengstion ik A polptiraiio firgoRal YRS i i) bet ween each of
the three pixelizeé) papshmrAntrangmigeic) #ebhginthd d@agonat frahk light hagPer act s
with two polarization di aﬁonal S, Eihe light having S polarization for one
of said interactions aRAH&STHY %00l arization for the other ofsaid

i nteractions. 34. (fThe prhtaily eéfldctian frodd thehdingdnnl if(the lighehps 8] ection system
enpl oys four reflective O|€il’i zation -converting, -pixelized panels; (ii)
bet ween the |ight sourB%lagﬁﬁ "ch of the four pi xel i zed panels, the |ight
interacts with twsgpol &he aathehofdilane 8dlvehertihahk ipgjecthavdydgnSemnploys

pol ari zati on fcIr one of said.interactions, and havi nga[ng pol ari zation for the
other of sai C®YREEP Zedqclie, Polariraliop Ry ' BE PRS- £ our pi xel i zed
panel s and the pr@gect The method of Claim 31 wherein: - -

1) the projection system employs three reflective, polarization
éonvérting, pixelized panels; _ '
_ (i)  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 5aid interactions and having P polarization for the
' other of said interactions; and o
(iii) botween each of the three pixelized.banels and the projection
lens, the light interacts with two polarization diagonals, the lig‘ht having 8
_-polaﬁzation for one of said interactions and having P polarization fﬁr the
other of said interactions. | -
34. The methed of Claim 31 whereifx:
(1) the projection system employs four reflective, polarization
converting, pixelized panels; _
(@)  between the light source and each of the four pixelized panels,
the light interacts with two polarization diagonals, the light having 8
polarization for one of said interactions and havihg P palarization for the
other of said interactions; and '
(iii) between each of the four pixelized panels and the projection

lens, the light interacts with two polarization diagonals, the light having 8



| ens, the light interacts with two pol axi zati on diagonals, the |ight havin~
S 17 Cctober 2003 -26 polarization for one of said interattPoteben2d3havi ng
P pol arization for the other of said interactions. 35. The nmethod of C aim
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 whi ch overlaps a spectrum of the first portion. 36. A nethod for
operating a. projection system said syd%em conprising first and second
reflective, polarization converting, pixelized panels, said nethod
conprising passing light froma light source to the first and second

pi xel i zed panels, nodul ating the light at the first and second pixelized
panel s, and passing the nodulated light to a projection |lens, wherein: (a)
bet ween t he |I%ht source and the first pixelized panel, Ilght I nteracts
with two pol aPpagErden B eyenbraid intreadtioghand baving Ibpq"lﬁ’aﬁﬁtﬂlﬁ}n for the

. pol ari zat i onyafel 6f s SniRfacs@hg | nteractions and having primarily P
poI arization after the other of said interacti-ons; (b) between the first

pi xel i zed panel arith-t h&hgmesthed pbhlaimid, wherglht i nteracts with two
pol ari zation d'agQﬂa|Sthéﬁﬁmphﬂﬂﬁ1&ﬁ%hﬂﬂm9£+Hﬁ%bh%1 ptOl ari zation after

one of said:-interactions and havin rinari arlzatlon after the
ot her of said intédHact M@GDQ%PG%@WWHBHEHQEQHEMMe and the second

pi xel i zed panel, |(h9htméégc91?@?$ﬁxoWHJ§t oB8hARh TR 8 the

l'i ght having prlnarlly I zation after one of sal |nterac I ons and
havi ng pri narPin&lelﬁrﬁfmﬂrﬁﬂnzat ion after the other of said interactions;. (d)

bet ween t he seconchem xg g&qdweﬁgﬂ%‘tﬁﬁ?@ ét.?dn Ee?:f' saﬁf' st | ght i nteracts

with two polarization diagonals avi ng pri'nari 17 Cct ober
2003 comprising first and second reflectwe, polarization converting, pmehzed

panols, said method comprising passing light from a light source to the first

-and second pixelized panels, modulating the light at the first and éeconcz
pixelized panels, and passmg 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 pﬁrdaﬁly S
polarization after one of seid interactions and having primarily P
pplarizgtibn after the other of said interactions; . _ '

(b)  between the first pixelized panel and the projection lens, light
[interacts with two polarization diagonals, the light having primarily 8
polarizatioh after one of said interactions and having primarily P
polarization after the other of said interactions;

(e)  between the light source and the second pixelized panel hght
interacts with two polarization dmgonals the light having primarily S

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

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

light interacts with two polarization diégonals, the light having primarily 8



-27 polarization after one of said interactions and havin rinariky P
pol ari zation after the other of said interactions; and (e?7§PFm9f233

i mge-formng light that reaches the projection lens from the |ight source
has. (i) interacted with a polarization diagonal between the |ight source
and a pixelized panel and, after said interaction, has had primarily P

pol arization; and (ii) interacted with a pol ari zati on di agonal between said
pi xel i zed panel and the projection |lens;-and, after said interaction, has
had primarily P-polarization. 37. The nethod of C aim 36 wherein the
projection system conprise i only tw reflective, polarization converting,
pi xel i zed panels. 38, The nmethod of Claim 36 wherein; (i) the projection
system further conprises a third reflective, .polarization converting,

pi xel i zed panel; (ii) between the |ight source and the third pixelized
panel , |ight -Pparigptien after ene dfweidistaastionsiand havigppdmerily Be |i ght having

primarily S Bola@ibh@at hAbr fHeldther O Ral inbithetiddal gE@ctions and having
primarily P polarization after the other of said interactions; and (iii)
bet ween the third @i xekiliBagporaring light that peashee theoprojestion I4nsdham i nteract s

wth two pol agﬂg%ﬂt%up&qﬁgnal s, the light having primarily S polarization
after one of said interactions and having primarily P polarization after

the other of said {nt einlerdeberswitba potrzatisntiiazofal betatesndBe ikt ein: (i) the
proj ection system fur t Bgiret QPlIgiesiizd beHAldhal EhbOEkd HteradbBhatdat | ON
converting, pixelized %gneIJ I 1) between {he I'ght source and the fourth
pi xel i zed panel, |ight hafprisperdyd pelevizatign; padari zati on di agonal s, the
light having prinmgghly itﬁeﬂac&@ftﬁ%ol&@%on%ﬁﬁgonal 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 pﬁnels..
38, The method of Claim 36 wherein:. _
() . the projection system further comprises a third reflective,
polarization converting, pixelized panel; o '
(ii)  between the light source and the third pixelized panel ,- light
interacts with two polarizafion diagonals, the light_hé.ving primarily S
polarization after one of said interactions and havﬁng primarily P
‘polarization after the other of said inferactinns; and
(iii) between the third pixelized panel and the projection lens, light
interacts with two polarization diagonals, the light having primarily S
polari.zation after one of said interactions and having primarily P
“polarization after the other of said interactions.
89. Themethod of Claim 38 wheroin:
(1)  the projection systém further comprises a fourth reflective,
polarization converting, pixelized panel; ' '
(i)  between the light source and the fourth pixelized panel, light
interacts with two polarization diagonals, the light having primarily 8



pol ar ization after one of said interactions and having primarily P

pol ari zation after the other of said interactions; and (ii7Pcoben2@®3 t he
fourth pixelized panel and the projection lens, |light interacts with two
pol ari zati on diagonals, the light having primarily S polarization after
one of said interactions and having primarily P polarization after the
other of said interactions. 40. A nethod for operating a projection system
said system conprising first and second reflective, polarization
converting, pixelized panels, said nethod conprising passing light froma
l'ight source to the first and second pi eg i zed panel s, nodul ating the
light at the first and second pixeli zed'xzpanel s, and passing the nodul at ed
light to a projection lens, wherein: (a) bet ween t he l'ight source and the
first pixelized panel, i ght interacts with two polarization diagonals,
the |ight havPPigrgriipmpftesone of saidkinteractions and heviemeristaryPd i nt er acti ons:

(b) between t &aﬁhﬁﬁbn %éﬂﬂe@ﬂ&%’f@h@aﬁh@ezﬁ@ﬁoﬁr Qh@Ct ion lens, light
interacts wt (golarlzatlon di agonal ht havi ng prlnarlly P
r 11

s
pol ari zati on af t erliine bgtween;the foprgh aeeilm%paq%yngéhwc@m lensght source
and the seconggpj fﬁ%éﬂaé@%ﬂ@%& pommmn mtgeﬁagf@g;qg%g hawggﬂn@émgf i on

di agonal s, the i ght having primarily P po a one sai d
i nt er act i ons; PPayizpdenaler Ql??eof§§7€§30‘ﬁ€erﬁf:§¥@3| ensichayamg brimwaily e proj ecti on

lens, light ba&e&aﬁééaﬁeﬁébeto\eeemlsa{dmsﬂa%!bﬂ' agonal's, the light having
prlmarlly P polarization after one of said interactions; and (e) all

i mage- f or ni ng | i gHto-t h&xmethegd fesoneneting o prejpsting dyatesn faaisheyetane | | ght source
has., 1 7 Oct ghepridfR Brst?hd(debordHefloBGdE PoltielAtiAn B d@%{@ Jhnggagona'
r

between t he Ilgh A source and a pixeli zed anel an sal
i nteracti on, Bawels, said method comprising passing light from ahght source to the first

and second pixelized panels, modulating the light at the first and second
pixelized panels, and passing the modulated light to a projection Jens,
wherein: o - |

(a)  hetween the light source and the first pixelized panel light

- interacts with two polarization dmgonals the light having pnmanly P
-polarization after one of said Jnteractmns,

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

r(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 projeetion lens,

“light interacts with two polarization diagonals, the light having primarﬂy P
" polarization after one of said interactions; and

(e)  all image-forming light that reaches the projection lens from

the light source has:



had primarily P polarization; and (ii) interacted with a polarization

di agonal between said pixelized panel and the projectioni? &ekband)0after
said interaction, has had primarily P polarization. !'11. The method of

Cl ai m 40 wherein the projection system conprises only tw reflective,

pol ari zati on converting, pixelized panels. 42. The nethod of C aim 40
wherein: (i) the projection systemfurther conprises a third reflective,
pol ari zati on converting, pixelized panel; (ii) between the |ight source and
the third pixelized panel, light interacts with two polarization

di agonal s, the light.having primarily P —al-arization after one of said

I nteractions; and (iii) between the third pixelized panel and the
projectionlens, light interacts with two polarization diagonals, the

|'i ght having prlnarlly pol ari zatigon after one of said interactions. 43.

The nethod of O ai® 40ineerdedwithis palprizatios dagonsl betresearthedighher conpri ses

a fourth reflective, pEkRELRALIgNREIGRAYRALI A, a&bﬁgéla-’;&@rmm' Paf(' )
between the |ight source_and the fourth plxellzed panel, the I ght

interacts with two pol Qﬁiii’&tn?%y&’ﬁ‘éﬁﬁﬁ%‘m €n8 | i ght having primarily P
pol ari zation aft erg;pne i@bridédiwithled ﬁm&.&mm d1§?ﬂna(l %btv)eehesfa%ﬁaeﬂ&% fourth
|

pi xel i zed panel and the projection |ens nteracts w

pol ari zati on di'agonal sPaflﬂ@ﬂIdit@ﬁﬁ’rWﬁ‘Eﬁi‘qm]eB? Flﬁé;rﬁﬂi%r spid ipderactiomthiagn af t er
one of said interactiopgg '3%15319515§ p.operating a projection system
said system conprisin tp I eas?r one refiecti ve, polarization converting,

pi xel i zed panel, H#I7 FeathodefClain d0sehereimsthisautojecion sustery passing | i ght

froma Iight Mﬁ&s%ﬁl}ﬁﬁe&hek@@éboﬂ@&at:%é&{d&ﬁ ,len%?ﬁgﬁga“ ng the

light at the at 1east one p| xelized panel, and ul ated |ight
to a projection | s, Whemsthodef ﬁaffﬁd@‘ﬂéﬁrﬁ?ﬁg

(i) the projection system further comprises a third reﬂectwe, .
polarization converting, plxehzed panel; ,

(ii)  between the light source and the third pixelized panel light
interacts with two polarization dmgonals, the hght_hawng primarily P
polaﬂzaﬁon after one of said interactions; and |

(ili) between the third pixelized panel and .the projection léna, light
_ihteracts with two polarization diagenals, the light having primarily P
polarization after one of said interactions.

43. The method of Claim 40 wherein:

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

| (if)  between the light source and the fourth pixelized pé.nel, the
 light interacts with two polarization diagonals, the light haﬁng primarily P
polarization after one of said interactions; and

(i) between the fourth pixelized panel and the projection leng,
light interacts with two polarization diagonéls, the light having primarily P
polarization after one of said interactions. ' ‘

44, A method for opgréting a projection éystém, said system

~ comprising at least one reflective, polarization converting, pixelized panel,



| ight that reaches the projection lens fromthe |ight source has: (a)
interacted with a polarization diagonal between the |ight17 Sclobee2Gl3d a

pi xel i zed panel and, after said interaction, has had primarily P

pol ari zation; and (b) interacted with a polarization diagonal between said
pi xel i zed panel and the projection lens and, after said interaction, has
had primarily F polarization. 45. A nethod for inproving the contrast of a
proj ection system enploying at |least three reflective, polarization
converting, pixelized panes conprising passing light froma |ight source
to the three pixelized panels,. .nodulatingg.he. 1ight at the three

pi xel i zed panel s, and passing the nodul ated light to a projection |ens,
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 port FIf "’bﬁ% hod, gompprisipe paeung light Sog kshtrpuedothe st leaptatne wave

pl ates, each fzz aqlepltﬁtmmh@matgtﬁmteﬁe ﬁ?lea@tsox{é)plkél%ﬁfpgﬁ@ anfol ari zed
light to P pola polarized light to Sﬁlolarlzedllght (b)

bet ween t he |ngs%t§rm%d%‘&déwéﬁtw Pmecttqailrlées prbeseinzdimagedbaning he | ght

interacts wi tﬂgﬁmapeé@hbgatd;ﬁejedh&gmmlﬁ%mttt@ttgm&t&hrcef}?a\él ng S pol arization
for one of said interactions and having pol ari zation for_ the other of

said interactions; (abnd“(t&acb%q‘%@éﬁ léé%“hz%t‘mtq%ég‘t%l betweendhe Heht panel s and

the projection lens, thgchhflth ditdiBeaphselUrd aftkPsR@ idtkZdiohOugi agonal s,
the P. 17 Cct ober 2003 -31 |ight haV| ng S pol arization for one of said

interactions and havi h@ Pmﬁ%rbb'l 7eplpization; anfle ot her of said interactions;
where an interactign V"!ﬁt@ra%tm&ﬁ'azﬁéli%tﬂinaﬂ%al gmeﬁ%ﬁxd Iﬁxkélizféﬁ' marily

transm ssi on through the diagonal 1f the |1
panel and the projection lens and after saxd mteraction has

had pnmanly P polarization.

45, A method fori 1mprov1t1g the contrast _of a projection system
employing af least three reflective, polarization converting, pixelized panels
comprising passing light from a light source to the three pixelized. panels,

' modulating the light at the three pucehzed panels, and passing the
' modulated light to a projection lens, wherem
(a) Dbetween the hght source and the projection lens, & first portion
~of the light passes through first and second half wave plat¢s
and a second portion of the light passes through third and
fourth half wave plates, each half wave plétte being oriented 5o
ag to transform S polarized iight to P polarized light and P |
- polarized light to S polarized light;

(b) between thellight gource and each of the three pixelized panels,
the light interacts with two polarization diagonals, the ligltt
having 8 polarization for one of said interactions and having P
polarization for the other of said interactions; and

(e}  between each of the three pixelized ﬁanels and -'Lhé projection

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

o



pol ari zation; and (ii) primarily reflection fromthe diagonal if the |ight
has S polarization. 46. A nmethod for operating a projectildoR@ctpet 2083 sai d
system conprising at least a first, a second, and a third reflective,

pol ari zati on converting, pixelized panel, said nmethod conprising passing
light frome, light source to the first, second, and third pixelized
panel s, nodulating the Ilight at the first, second, and third pixelized
panel s, and passing the nodulated light to a projection |lens, wherein: (a)
between the Iight source and the first pixelized panel, |ight
interacts.with two pol ari zation diagonals, the light having primarily S
pol ari zation after one of said interae8iens and having primarily P

pol ari zation after the other of said interactions; (b) between the first
pi xel i zed panel and the groj ection lens, light interacts with two

pol ari zati on di agonal s light heving ghpolaxizstiog for prmef dejd Biemaotions 2t i on af ter
one of said interactio ﬂj@q’ alsRyol g | | i after the
other of said interact iq%ﬁs; (?@\éggf&\}\/&e}{eﬁgﬁéeh%egﬁfQ@%%ﬁdgg&tglﬁggt he second

pi xel i zed pan&therd pyyfntordctipnvdth 8 polarizativw dipgbaali inatlven di agonal s, the

i ght having prinmgtyly. ' 1 e sal. g, nteractions and
havi ng primaril yng'i)' polpgrl?éz}gbiqgénﬂgh%%éh 9#33%% Ergerd% o%agilgﬂﬁegfgg%glg?' ons; (d)
bet ween the second pi x@plaxredtipairrsid and the projection lens, 1ight

interacts with twogpol ard zakl AU, Phe & Flefa) ' rimarily S 17
Oct ober 2003 -32 Pl ar ?’zat; olﬁqg??dg?’qone e &llfopdtiihre TR B8 171 ng
primarily P pol ari zat ipolarightien. t he ot her of said interactions; (e) between
the |ight source t he ' ' I: |ight ipteractsrwith two
pol ari zati on di agg{ﬁ}gl s?“i“ﬁ'{eﬂf’ﬁ*‘é’ﬁ{’ﬁ%ﬂ&ﬁg Pg@?‘%"r‘% Efyﬁge?’ SB‘B#%V tion after
one of said i mtrepdgingehieaaha finsty psgcopd) amed a klyir@refhatiae, padrionioafl t er t he
other of Sa'.dcér{ve?tﬁx?é:,tpm%d 8&&9@1, said mothod comprising passing light from a

light source to the first, seccond, 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 s
polarization after one of said interactions and having primarily P |
polarization after the other of gaid interactions; '

| (b  between the first 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; 7

(¢}  between the light source and the second pixelized panel, !ight
interacts with two polarization diagonals, the light having primarily S
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



(f) between the third pixelized panel and the projection |ens, |ight
interacts with two pol arization diagonals, the |ight havi hOcieber2Q03 y S
pol ari zation after one of said interactions and having primarily P

pol ari zation after the other of said interactions. 47, A nmethod for
operating a projection system said system conprising at least a first, a
second, and a third reflective, polarization converting, pixelized panel,
said nethod conprising passing light froma |light source to the first,

second, and third pixelized panels, nodulating the 1light at the first,
second, and third pixelized panels, an assing the nodulated light to a
projection |l ens, wherein: (a) between tHe |ight source and the first

pi xel i zed panel, light interacts with two polarization diagonals, the

light having prinmarily P polarization after .one of said interactions; (b)
bet ween t he f PPlarizptivpitonenanfisaid nteractiensans kasingprimenBy Pl i ght i nteracts

With two pol aphRatzh@hn HhaoeRdser shgid indlhcliid ng primarily P polarization
after one. of “said interactions; (c) between the |ight source and the
second pi xel i zed p&hel betwegmithe lightperresand the thind piselived rankblght agonal s,
the |ight havifig.Rid YRhitky% ar&%'ﬁ'@fni ' (ST NAC T (=Pl L) @t eracti ons;
(d) between the Ié.ecqnd ixéﬁ ze ‘lp_ar%%oggﬁ'%el%r gﬁaglc? i%ﬁﬂ]&gh}sﬁ | i ght

i nteracts wi t Rolewgapen abprend el ingemeliens andddvigghpritiavilng primarily P

pol ari zati on afiebaQRneafér iﬂh‘g%ﬁﬁ?‘%‘?}%‘?‘% pt ober 2003 -33 .. (e)

between the Iight source and the third anel, light interacts
with two pol arizatfon &ppendbs third eixeliged panel eng the preagdtion lens, fghtari zat i on
after one of gabhotdRHIGHIBMzaRBH ddgonPB! HRAEL: RGvin! igges | zed panel
and the projecti o.r? | ens, | ipght zia'nt_er aé’)t"? W t hq{%\p pg%xgr[{rgg%ﬁ%’ﬁé di agonal s,
the |ight havpelgrigatiomaftexore of gaiddnteractions sadthawinmprinerd&wPd i nt er acti ons.

48. A met hod LabrbiRE¥AR0He M GUHEAShe @ ctforRl O) €Ction system

47. A method for operating a projection system, said system
:gomprising at Jeast a first, a second, and a third reflective, polarization
- converting, pixelized panel, said method comprising passing light from &
. 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; .
{e)  between the light source and the second pixelized panel, light
interacts with two polarization diagonals, the light having 'pr;Lmari[y 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 pﬁmarﬂy P

polarization after one of said interactions;



enploying at |least two reflective, polarization converti n1g17(e pi xel i zed

panel s conprising passing light froma |light source to. Octabep2008| i zed
panels, nodulating the light at the two pixelized panels, and passing the
nodul ated light to a projection |ens, wherein: (a) between the Iight
source and the projection lens: (i) a first portion of the |ight passes
through first and second half wave plates which transformthe

pol ari zation of said first portion, and (ii) a second portion of the |ight
passes through third and fourth half wave plates which transformthe

pol arization of said second portion, each half wave plate being oriented
so as to transform S polarized |ight t@3R polarized |ight and P pol arized
light to 'S polarized light; (b) between the |ight source and each of the
two pixelized panels the |i interacts with two polarization diagonal s,
the light having® poP&W%&tﬁgBthbﬁo%%a’éﬁ theothird pirdized ek lighld havi ng P

pol ari zati on fi@erdefifwith BRE Qfarﬁﬁi;@n aRhAG! {RNfEht hekicRSirgeALSAch of the
two pixelized panels and t projection |ens, the |ight Intéracts with two

pol ari zati on B &ﬁéﬁ%@%aﬁ?ﬂ@eﬁﬂwﬂaﬁﬂﬁc 2‘0‘@8“‘%4 light having S polarization
for one of said Inger as&w&a 88 third Bielifed waﬁaa@ég&?ecmﬁ 1&&61@5@% ~of (&)

said interactions; (d)_ t first portion conprises r and bl ué
t he second pomtﬂwt%\mlputwgéglagwe‘@nn m@'ﬁmlsaﬂw light heweggwéoadlyddrti on has a

spect rum whi Cﬂoiﬁﬁ%éxﬁ'f)ﬁt& éﬁe&%&g%té}gcﬁﬁ‘ﬂ& first portion; where an

I nteraction wt ari zat'i on di'agonal 1 nvolves: (i) primarily
transmi ssion thr ou@ﬂ tﬂ@@ﬁhagé?ravnnmvmﬁém reHirast of 8 pRojegisnegyistean i on; and

- employing at least two reflective, polarization converting, pixelized panels
jt:t:nn'nprrsang passmg light from a light source to the two pumhzed panels,
modulating the light at the two pzxelmed panels, and passing the modulated
hght to a projection lens, wherein:
(a)  between the light source and the projection lens:
_ ()  afirst por’smn of the hght passes through first and
' second half wave plates which transform the
polarization of said first portion, and ,

(i)  asecond portion of the light passes through third and
fourth half wave plates which tranaform the polarization
of said second portion,

each half wave plate being oriented 8o as to transform 8

~ polarized light to P polarized light and P polarized light to 8
polarized Hght;
(b) ~ between the light gource and each of the two pixelized panels,
the light interacts with two polarization diagonals, the ligﬁt

having 8 polarization for one of said interactions and having P

- polarization for the other of said interactions: '
()  between each of the two pixelized panels and the projeétior;
' lens, the light interacts with two polarization diagonals, the



(ii) primarily reflection fromthe diagonal if the Iight has
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- where an interaction with a polarization diagonal involves:
()  primarily transmission through the diagonal if the light has P
"~ polarization; and ' | |
(i) primarily reflection from the dzagonal if the light has S

polarization.
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{57) Abstract

Optical systems 30 28

for use with reflective
LCDs (8, 9, 32, 34, 36}
are provided. The systems
include a  polarization
beam splitter (5) which
can be composed of
polarization beam splitting
cubes (26A-26D) having
sheet  polarizers  (30)
andfor half wave plates
(28) at their mating
surfaces. By orienting the
half wave plates 50 that
they convert § polarization
to P polarization
and P polarization
to 8§ polarization, the
polarization beam splitter
can provide a high contrast
ratic at a viewing screen
between light from the
Yon" and "off” pixels of
the reflective LCDs.




