; e3ebt R*z6Thi v i WO 00/63738 _ 1 _ PCT/US00109566 5 OPTI CAL SYSTEMS FOR
REFLECTI VE' LCD' S 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

Appl i cati on wo 0063938130, 419, filed April 23, 1999, U S 10 Pcousmioosssl
Application No. 60/132,928) filed May 6, 1999) U.S. Provisional Application
NQ 60/166, 468, filed Novenber 19, 1999, and U.S. Provisional Application
No. 601179, 227, filed January 31, 2000, the contents of all of which are
incorporated herein in their entirety. FIELD OF THE | NVE Iu
invention relates to projection optical devices which enmmmmmmw “mve
LCD s. BACKGROUND OF THE | NVENTION Figure 1 is an on-axis Iay,gu)gmpf a prior
art projection systemenploying 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 pol %P’i‘ﬁ?Aﬂ%YﬁL 1 ‘Q%ROR‘EF‘LE@’I‘}VEZI%D@ beam splitting
cube 18 and the Scomponertit T (Snown Dy a contrnuous line in this
and all other figures) is reflect ed tovvards coI or cube 20 and the LCD s.

The col or cub 8 r A
colors. 25 le i 511 F

P-pol ari zation (shqws Qyp&a%ﬁlé@dhdsl ﬁlh% ueliheﬁbhadaﬂgs aldc pimé) cfﬂtgusr es) and
t hus passes through t he diagonal_ of the polarization beamgpllttl ng cube

( PBS cube) t o Fypvisianal dppliedriorpNot 60/dBRA1E, Hied Apk2bl989sFr®en (not

shown ght | trl @n

refl ez:t s f romP';rgIéi ng‘tagggg%‘g%@ﬂ“gﬁ"t ﬁ@/lé%g‘%cugged?gg9t6ﬁ‘gg§%‘£g ﬁgétm%%ggll nt o

t he screen spagmlicatiof\N)B0ABHIAUES; Aled oV disHET wsmspammbhgwwvwm gn of
Figure 1 has c ct .architectur it suff a _nunber

f undanent al d?‘&wg’ggﬁ Na%g%ég ?B‘i‘&a‘b‘bﬁqeﬁlngp@%rc eP‘ﬁ Og%lt!lf’f:e is
conpl etel y | osghich dke iﬁb@rﬁd&ﬂiéd&ﬁéreﬁf i fHRiSystigAyl s |imted by the .
pol ari zati on prIo erties of the diagonal of the PBS cube, which 5 properties

tend to be poé pically required for conmmercial

proj ectorsy and (3iryh v‘éﬁhgﬁ Wﬁzc&ﬂn ElEal"\ﬂetvlibeQQ&tlﬁcﬁeﬂﬁqlof

pol arization for all three co ors l ow efficiency “of col or
separ at i on/ r ecefleitivatL.CR’s.

BACKGROUND OF THE INVENTION
Figure 1 is an on-axis layout of a prior art projection system
employing three reflective LCD panels, i.e., LCD 10 for red light, LCD 12
20 for green light, and LCD 14 for blue light. Light form a source 16 is

polarized by a conventional polarization beam splitting cube 18 and the S-
component of the light (shown by a continuous line in this and all other
figures) is reflected towards color cube 20 and the LCD’s. The color cube
separates light into the red, green, and blue primary colors.

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

30 diagonal of the PBS cube and thus does not pass into the screen space.
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In particular, the slope of a dichroic cut-off filter is always |ess than
10 100% so that to avoid undesired color m xing, sone |ight on the borders
bet ween bl ue and green and between green and red nust be intentionally cut
of f and t husybegészzshor eover, the anount of_ |ight cut off nmest/usmleessaccount
of the fact that the slope and cut-off wavel ength of a dichroic filter
depend on pol arization and angle of incidence. As a result of these
effects, 15 subst adlitmiughi t@btdebrga&fd?aglumchhas wloempabtl architeetur&is saffers

| ocated in the same ti.on ch = or . cube ed to
split an:j reccfﬁ?SJ‘PﬁemF‘HE Tlﬁtffg‘é‘l dapenta wﬁf"ﬁﬁ?k %Pg’g‘ égéhé@éalgﬁéﬁ’ts -
Publ i cati on NCfro:&Qh@Q&%%@ i &ddiﬁfe%él Q&sta( oY ehd @Jrit?é‘stcbff th&Syst¥st 8MRfkedi gure 1

whi ch uses two dichroic prisns ins a single 20 color cube. Although

better than tHféfﬂb&mo(l,msw;mropaet@mfrtbadmg@flal@ﬁ@e&ﬁ!%mlbw’ohmhat|on i s
mechani cal | Hits reliance
on a singl gpﬁ%ﬁ?%@%ﬁ?%dg arr?zs%pyl ifgk%llléﬁgﬂﬁ%erig@?&q P@ one poI ari zi ng

di agonal . Anotcbmmémmlmpm;eﬂbtsgmnﬂt(sbt'hel a)ldﬂmﬂ)edmeéé upwdr]bm&b(bt‘ﬁls}lndinc of
2b Santa Cd ar for ni,.a. e Bo et a l.cal em Desi gn
for Reflectiv Z%@e%ﬁw%ﬁ {firee g E%leﬁlgéeaéﬁwgﬁe%oﬁimw%efé’a pages
80- 86, 1999. B@b&ra@ﬁw&é&hbﬂﬁ‘%ﬁ)&ff axis optics) two col or cubes, and two
filmpolarizers (one as a polarizer and the other as an anal yzer) to

enhance contrast. Baphridenlar, thastopamf kdlichroic anteofhilter isalwaph lesgithan

nore et ade: By (G0 Riof R REBRRRl R ERE HER Bkhe BerddlE TP, T

cubes; (2) I odmtwéer hhle&enbgidep(ahdrhemwmgre‘enmndm thirgthbe 'mtemnenallynd (3)

t he corrpIeX|ty P f of f aX| t|cs N\/ENTIO\IIn
View of Tthe 1 GEGBiE e Ted- Mersafere Pat iRt phRRARA AT BB Bkode 5

i mproved opt i Gabouiitf Ehd fdcd thatsthevdlége m{ J:lﬁ;C‘dffWﬁvbl@B'gﬁl of dfehrdit Gldear , it
is an object o the |nvent|on tocﬁ@?w e, op tical syste whi ch have sone

and pr ef er abl ylegend gr pelrizgionandapgle ghincidense. Asn regultof these effects,
mechani calylsy %wpdaﬁtﬁmgﬁpmée noéc%)r Wi SY SRS H}@B%asehqnttﬁs of

expensi ve optical conponents, (3) the systemuses at |east sone of the
| i ght of each same polarization channel and 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
256  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 separation/recombination. The problems here include: (1)



10 pol arization, and (4) the system achieves a high |evel of contrast. To
achi eve t hese and ot her objects, the invention in accordance with certain
of its aspects provides a unitary pol arization beam sputter having first,
second, thi Rl ocdd3ghsf ourth sides and two pgl arizing di agonaber/usmiossss

di agonal s intersecting at right angles) said sputter being symretric about
16 each diagonal (i.e.) the splitter has mrror symetry about each

di agonal ), V\heheei:cmt Iofgm céiaﬂbmlgesS(‘pdbssrdfz;he isecondrpolarizatyon &biretdtedightom each

di agonal and I| rlzatlon rlrra transmts through each

di agonal . In E% aﬂp#‘agg}é? F&B‘p gns% Hé ‘Jﬁ}‘/ﬁ‘ RFSplitter conprises

four polari zaSmm\mro;pt\HE INVEN‘F’R}N each cube adjoining two other cubes

20 along two faces to formthe overa pol ari zation beamsplitter. In sone

enbodi ments, the chb@swmféhafqre@pmmt i ameobigct of thhinventiende apvide

enbodi nent t have a
M8 HBrRed BBELBRRARYS B ViR e AR WD e n Y arl BR1LE PSS

second siz es an or s eef polarizers ca
bet ween 2~ adpniobjeetof ﬂmemveﬁnb]h ¢o podvade a@ticad systenrs whichtHavegomelmasl Zer 0)

two or four half e pl ates d.zero) two, qr four sheet | ari zers can be
used in any cBHﬂ?ﬁggYBﬂ Zih oPaps P r?ﬁ%eﬁ)ﬁ%?8¥$f§¥§’P%%P@%@ﬁgontrast
The hal f wavesphpik @hdBthpa@t, USPthd & seQHREMSRIRs tRE usSk Bfexpihshel dpticght | ON
| eakage or can be used to inprove contrast in which case each half wave
plate is 30 offmpersntsd3xthe gystemuses atlesst aq»me@é‘lthq Heht efeaphpol ari zed
i ght and I /38 .4_

g 6@ SEQL]I%nizéﬁgn %@gttﬁe §K&3kzﬁ£éﬁ level\é@cerq

PCT/ USO0/ accor af s of aspects e'i nvention
provi des an opti caTo aylsieesthdseandoathpr obyeetsatlm:haenﬁaﬂmacdmdmcepﬂmthter of

of tha Tirer erEn aneped 3 i dor Bt e sFhbier Gl gt

passi ng out ofiré, Sedofdl} b, andtfhar&eéi@éyﬂaﬁd&%F&amﬁlgsmgbﬁﬁ@, se3di d second
si de being opp05|te to the first side, .and at | east a first reflectlve

pol ari zati on GigoBRlsiintprsenting atxightoanales, said wliterdaing eymaatyig about

pol ari zat hgn A [ PRNE v, ul ate
| i ght pasglgng8 éboﬁ% ?hﬂﬁ (lgh;més!g l?'g% to Jt”ﬁ'ésgg%ﬁ”ggeﬁtﬁﬁ Jnésagﬂldﬁggco?ragal n
preferred enbwdiensntlght (hlaeuxg S Ipotdrizationipaih @riki mé'lemzaeﬂomhshuoeml

associated wi th of the litter different fra S s..of the
SoTTtter vi t neATeRE Bading 1 e Bizab o8 prithifLEEbonisd thinifr AR feorl
associ ated. In accnffbafaiﬁ pbfelrdddmbedineints, tthe ampaey splittbe comprisdd foar
provi des a rret od, faor inproving the contrast of _a projection system

enpl oyi ng at PelaEizatign emr@rlntges.cvéys garFabepdighing fve ot hethubgs xel i zed
panel conpgi Shﬂﬂ RE2Sh O thifGhth the @0ra1 ﬂ(ﬂmlzﬁ%ﬂﬁ@arﬁ%ph%rplff%ﬁléed panel ,
nodul ating the I| ht at the pixelized panel, and passing the nodul at ed
light to a prepbedingntpcthe cubkenes all of the ssanesign, While in gthersour ce and t he

bl ot o5 or | ont SioeBmafin & VRe Zb O AP S Mk BRT o SRR BbeMBd | 11

and P pol ari zeetohidgie.t 0 S pol ari zed Ilght (b) between the |ight source

and the pixelized papel, tell ts, with two ri zation

di agonal s, the |ight alt rﬂga§s d?)?flsg}ef*gg{’iiame? ‘ianot?f*elg eg €4VFR er act i ons
and havi ngsP p@joMihg :ﬁde@ Bf tI pblALizatiBE behn spllitfink AhBEACLdrANEWo &duf C)

bet ween the pixelized panel and the projection |lens, the Ilght interacts

with two pol ahahfatavsrpleﬁeagmdeﬂeso twee of foymshrehpolarigenssanrheuseddn angr one of
said interact], i r 9k d

i nteractions; %Em%’gﬁ%?n eggggt ﬁ%ﬁ%\?\ﬁe w(ﬁgﬁk% %E?‘?Jc}ﬁmgl}%gbn hlsdg{/ol ves:
WO 001 63738 @avE@TdthB@&iB@i@ﬁd o dorppeérsate foy skewnam;mtamatidnrlealgﬁgetdle

diagonal if t Qaen e %rs]cgd tt,]oaiSmpP;o g lcg'lrltlrgs tllnovghlcﬁ 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.



(ii) primarily reflection fromthe diagonal if the light has S
polarization. 5 In accordance with certain preferred enbodi nents of these
aspects, the invention provides a nethod for inproving the contrast of a
proj ecti on swetoems7?esrpl oyi ng at | east two .gefl ective) pol ar PERUSHPIS66
converting, pixelized panels conprising passing light toma l[ight source to
the two pixelized panels, nodulating the light at the two pixelized panels,
and passing the 10Inmddedrdanet withiathexrs of its apeetsi the ingantionpeedies ay 3)

bet ween the Iight o) | .QF ' i of the

| i ght passes t(%rlgﬁg%%ﬂ&(rﬁs@n glﬁé&gggg%dgﬁ’tg} ﬁ%@g%&ag% Leésﬁtg%\rd&g%é nd portion
of the |ight phsadbed fisavegh light sehirea dorf providing dilght vz portian eSthedash hal f

wave plate being oriented so 15 as.taq transform S pqlarized light to P

ol ar | z6d "1 | gitCeFnB SBFiaT: & BXpitcvigm 1D 18 T56T Hine SRRt HaghiE QUsPtBet ween ¢ he
light sourge gjadtieRehtI sdebifd 5B oP tHEEPpEREr, RANEIcRond BRle!Heliil opptisiedgt s Wi th
two polarization diagonals, the light having S polarization for one of said

i nteracti ons &he fiaaiside, sndgt leasta Apsttiefactivy, polpsizatiencoprerdig
i nteractions; - (P Rt ol th
I nteractions r@?&iﬁgg)qa?lgﬁ%ﬁﬂ sg&%'&[%h\?m&{]ﬁe, tp%axg%{i%lxﬂ &)ﬁgelpcﬂ{‘% ;ﬁxe%i},g? e

projection le I nterac arization agonal's, the
l'ight having Pamel aatk phnelnseivihgaoemaiulate kghtniassingtfrendhadighbasvumg t&

N th & pol ari ZBeEbRSEiCREHa [P AOURILEISTORSA SRTRAIARYLS PI PR hr ough
the di agona idixdlf¥edlpa@bls d18%sSocitedWiflkides of Mislitter differdiitiftom tRé | ection
fromthe diagonal if the light has S polarization. 30 In accordance with
still further sidesiaf$hesplitgeswithirehichybadiehh spirse iaadshapreipetiemlensyse em
conprising: associated.

In accordance with further of its aspects, the invention provides a
method for improving the contrast of a projection system employing 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
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
25 polarization for one of said interactions and having P
polarization for the other of said interactions; and
© between the pixelized panel and the projection lens, the light
interacts with two polarization diagonals, the light having S
polarization for one of said interactions and having P

30 polarization for the other of said interactions;

where an interaction with a polarization diagonal involves:



WO 00/ 63738 _6- PCT/ US00/ 09566 (a) a pol arization beam sputter for

produci ng two beans of polarized light; (b) a dichroic prismwhich receives
one of said beans; (c) an optical path |ength conpensator which receives
the ot her ofwdogésrsk beans; and (d} at |eagt one |ight filtecTasewaesiéat ed
with the optical path I ength conpensator. In certain enbodi nents, the at

| east one light filter conprises two light filters on opposite sides of the
conpensator, one bédng pristegily tpassnit€ionithrangh thealiagenal if therlighttitais Basses
shorter wavel engt hs, and 1the ﬁther el ng a long pass filter, i.e., afilter
whi ch passes | onger wavB8HE#HSE di scussed below in detail) the

i nvention achi eves(yar i pimaaHebflédionbtthd il iftedighthakl® ough t he
use of |ower cost dichroics and/or filters for color separation, brightness

enhancenent through at P@&%’Faﬁa@tlal 15 and, in sone enbodi nents, conplete

pol ari zal i g T eCOVER Yoedl 'Qﬂh%g%ﬁﬁgir-eggﬁw%abggﬁ%é%% | P%kg;efasggbegel s in

the Iight transmtte to the viewmng s THE
DRAW NGS Fi gurthe in\rmtmnspi'md&si x nwthed foy imfprevingthexostrastyafia prjecsiopr i or

art 20 prOJectlons e .refl ect.ive LCD anels.. ELgure 2 is
a schematic dr¥die %“ %%Fﬂﬁ'ﬁ?r ectiye, Hﬂ%m‘?‘&h" CEHERIE Ha dual
channel pol ar lp&@bls@dnﬁﬁ'%@?héﬁﬁ@ lightifall £1light Béwrée ¥b tige fwkb bn@ﬁh@d i zation
recovery. Figures  3-5 are schematic drawi ngs of an enbodi nent of fhe 25

i nvention whi mnalfregnc*éuwuw thedighsratiihg twepixelized napalso ad Papsipgithei zat i on
beam spl i tyfyi ”Qn&ﬁﬁﬁfe E%hql%%h& {ﬁm\qﬁ léx{hEvJHe%ih paths that create the imge,
in

Figure 4 s pat pol ari zation through the
“illum nation" di agi)nal lsetwfeenltheilghﬁé()uméanda;hd p2Gi€ctiamtbnii gdirst porsioows t he

light paths for "I eaki ngf the(ilg%rt Ip%ggés%ﬂrélpgrhoﬂl%t atnla se'é(.)nrﬁaﬁaﬂ'g:ave peigtonal s of

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
having S polarization for one of said interactions and having P
20 polarization for the other of said interactions; and
(c)  between each of the two pixelized panels and the projection
lens, the light interacts with two polarization diagonals, the
light having S polarization for one of said interactions and
having P polarization for the other of said interactions;
25 where an interaction with a polarization diagonal involves:
1) primarily transmission through the diagonal if the light has P
polarization; and
(1)  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:



30 cubes 26B, 26C, and 26D. WO 00/ 63738 _"j_ PCT/US00109566 Figure 6
Illustrates an enbodi nent of the invention which achieves a high contrast
rati o through the use of half wave plates oriented at 45 or 135. Figure 7
iIlustrates woaeiBect of a half wave pl alge oriented at 45 POT/US00I@S6Wher e
t he dashed Iine shows the direction of the fast (or slow) axis of the

pl ate, the horizontal axis shows the polarization of the incident |ight,
and the vertical ax@y shopedatipetigobeam splitten faxfproducingawerieamsdf| i ght .

Figure 8 in CO”%R%&@” gyith Tables 1 and 2 illustrate the manner in which
t he | ayout of nE‘l)gure gl&cm eves a high contrast ratio. For clarity) 10

ref erence nunbers abg necidishidiprismiwhichreepives oeldf saidbehrhg t he sane as
those of Figure 6. Figure 9 shows var.i ation of the enbodi nent of Figure 6
wherein hal f wave pé”:bt e§na91’é1%£8ﬂt}&?Pﬁt}éfont‘l’@ﬁaﬁ?re‘?’ﬁ§ge"§c?3§?ﬂ/\ﬂ\?rf’t i e,
rather thans aldaiff ®dhmsOhnd he cubes neking up the polarization beamsplitter
of the 15 invention. Figure 10 illustrates an enbodi ment of the invention
whi ch enpl oys t hr edd) i quitdeast poe dight filter Rpensinted Withethe 9ptical paty leagitcos' s) .
Figure I'1 illustrates, color overlapping fromdifferent channels for the
enbodi nent of ‘l‘f’ll%%epga&(ﬁ: 20 The foregoi ng draw ngs, which are incorporated

in and constitute [Iarder@iiniehthodfifents| it dtdeast deUsghtafiltertdomppises ewded
enbodi ments of_ the_ invention,, and toget her with the descri ptt{?on) serve to

expl ain the priighsHiters opronmeaite e of Bie compansates, re PRIREISTROBHPASY cour se,
that both ihie ghauhads Mk WRRnGA3L Rorl RISHhSHONMS RRbYLARE g € ot

restrictive of the 25 invention. The reference nunbers used in the draw ngs
correspond to lone ppes filker.rie:, a filter which passes longer wavelengths.

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 26A, 26B, and 26C, and Figure 5 shows
the light paths for "leaking" polarization through the "imaging" diagonals of

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



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 beam splitter WO 001 63738. 8_ PCT/ US00/ 095665pol ari zati on
beam spI i ttewofid,\;@gpnal of pol arization be)am splitter7di ageealused/oses

pol ari zati on beam splitter8reflective LCD59refl ective LCD10red reflective
LCD12green reflective LCD14bl ue reflective LCD16l i ght

sour cel018convent i dhigurdelilkidtZsel AR dasidhifRnt bf tHdinveRtiod RikElS uiiERECH| or
cube22proj ection | ens26Apol ari zation beamsplitti rrig cube26Bpol ari zati on

beam spl i t t i nghighrentrastpviathroneh she yaant bblf“f%"e atespEEBtybrthA? 2% i on
beam splitting;gabe26Ssmal | pol ari zation beam splitting cube26Ll arge

pol ari zati on beam splitting cube28half wave pl at e2030sheet pol ari zer 32r ed
reflective LCoS34grignre éﬁlllwrateeth@wmf@ehaléﬂaeemﬂate orieng3BabA} or

dichroic c oC I, 400 ensat,or 000 ojection
| ensDESCRI Ié\?%fv%ﬁ%géﬁ ﬁ}ﬁ\ﬂ’g KB}% g@?f 58@&9% J)tgresent
i nvention pr ovmiaeﬁamqtth@hbnﬁdﬁﬁ:&paﬁé@howsethwipbmm‘altﬁﬁtdfme fdientAfghtnown i n
the art, the "on” pixels of such30devices, change S POI arization to P

pol arizati on a®Rf lﬂlepmrawﬁlz@ﬁlﬁ showsthe polagigation @é thygtragsmiiged light)/ 09566

pol ari zation) whilep r f om ng
| i ght unchanged. Ref ect|8%Eiﬁs&%ﬁvvglﬁﬁgﬁdyﬁ%ggh%o%ag&gs\uh%}%rméﬂ Esnleglﬁent |y
devel oped can whichstbe layoutiod Fpgwarett sdueﬁestmhxghnmmtasbnatm/bFer gamgyal |y, the

Tl o Rt oS5 ) B2 PRSI BBl e 70

achi eve the poihveé afFigure ghange. For ease of descripti on) the LCD
nonencl ature is e oyed t hroughout 1 hi st}slpem fi.cation, it being understood

that the use of thiSeRERAhows avariasionaf the emhodimens ofiFighre ¥hezeide of t he

10 i nvention ipa2@hveRNated Afe ARId GRY aBXAL %rf&fceé h&weBY @Rt RaiRR thEn
inpl emented with two or three reflective LCDs. The pol arization of the

i ncom ng | i ghtall fgurt pfthecbbes mvakiveg tth éhe antar{zagion Heam eplither af)thei gure 9) or
di fferent féseel)nv l%ogxarrpl e, Figures 2, 3, and 6). 15 In the case of a two
LCD system a Coror®Wneel is used to produce a full color iraage. As is
wel | kn_ovvn)I i mage Cﬁ‘gghréyoﬂhlﬁﬂﬁtéé ¥n leatd nﬁﬁ?’gﬁﬁt&i@ ihigition whlidh etxhpl;lo_ys
conventional ratio between the jntensities of the pripary colors being

R G B = 30: 60: f’%ee Raw gvstg 9“ sﬁ’r’FBngfﬁﬁFﬁﬁ fﬂ}’eﬁlﬁﬁénﬁw systemis to use
one of the LCDs forpigush ?Fﬂhﬁ%@@@éol&ngvetrl'@%ﬁﬁé‘ﬁfoni—m'ekéht?&aﬁﬁml fOAERON
with a color wheel for a red/blue channel his approach results in a | oss
of light of orfmbediment2bPeured0; 0.5(30 + 10) = 20% To maintain the
desired c r tenp { i e col or
wheel canoil(gcl ude :hgerfgé% ?’I §te mwl gg’c‘g%{cﬁ(r)%egg%éag{azgdlnmc%#&cglfs?{g%&
channel . Al terpmlhoﬁdhqspemﬁcatmn nblms’aiate:ahe bmfénedbnﬂmﬂnheﬂsmfthe 25 I [ ght
source and the oI arizatjon r vu h bot h IT;‘?anel erating in
Fult coror. 1 reveabn et Geelet P08 PR 1) BB RO S o,

al ong wi th oneofqhe i¥eéhtbnC Tt & 6o wuﬁd@rs&nﬁl Bf coiir€d) tRAEbdthIthed¥a RiKEOr col or
filters to produce the red, green, and bl ue channel's. In such a case, one

of the 30 beardththsairsstipign erpexRinnatoruorbhandars 8o 1estristivg afithee used f or
the green ghanpeb,ang the other beamw |l be split between the red and bl ue
WO 00/ 63?38 -10- P US00109566 channels. When a dichroic prismis used to
separate the red arthduteferentrammabe)s wsedoptthealrapatgs doeregpond tnffensat or i s
preferably ingil ﬂded in the green channel (see, for exanple, Figure 10).
Wth the fored8 Yeneral description as background, the invention 5 will
now be nore fully Qescr ﬁbgcglayoitlkmaﬁ@éﬂlmamr@mdehm ti ng exanpl es. Exanpl e
1 Afirst exenpl ary enbodi ment of the invention is shown in Figure 2. This
enbodi nent enpl oys:2 (1) spromdsideqfiRobamizatiombeam sghttsr havi ng sides 1) 2, 3,

and 4 and 4fj agonal 53 6 a7 side%r pbiddiatRAWEn Ehlidetym nator) 16, and (3)

4 fourth side of polarization beam splitter



10 reflective LCDs 8 and 9. As shown in Figure 2, light having

S-pol arization (continuous line) is reflected at each diagonal, while |ight
havi ng P-pol arization (broken line) is transmtted through each di agonal .
In this way,woood7s8 e usage of the light gmtted fromthe PCTAURINIAIO6r | S
achieved, i.e., full polarization recovery is achieved. 15 In particul ar,

| i ght havi ng random pol ari zation fromlight source 16 is separated into
S-pol ari zed and P- Pol ar boledizhtightbeam siliitynal 6 of pol ari zati on beam
sputter 5. The S-pql ari i IS hell ec .diagonal 6 and after a
second reflection from é}aa?agﬁla ﬁ?lﬁ%ﬁﬁnﬁ%iﬂég%bg Light reflected from
"on" pixels of LCD78 chéaiageaalpd pplarizdticmnbdaon Bplitte P 20 pol ari zed | i ght
whi ch passes throu%h di agﬁ)nal s.7.and 6 and enters the projection |ens (not
shown in Figure 2)° Light er“é‘f"?é&@d from"of f' pixels does not change

pol ari zati gn and thus i geflRiibeticasl back into the illumnator 16 by
diagonals 7 and 6. P-polarization fromthe |ight source passes through

di agonal s 6 and 7 49 anted tefleatived&P LCD 9. After reflection fromthe "on"
pi xel s of this LCD,ot he_P-pql ari.z ight changes its polarization to
beconme S-pol arized IFi ghgee$hre§eft’|“gﬁc1ijf‘bpgf | ects fromdiagonal 7 and after a
second refl ection flaom Hivegefiattive EGDer s the projection |ens. Light
reflected from"off' npi ﬁg%s of LCD 9 does not change polarization and is
refl ected back int 38t hel8Bt 39U nator . WD 00163738 11 PCTNS00/ 09566
To create g col or ijgRgEcAHVehBiBnALp A8 zalible bSMA PGS clfee(EBS @hiy) Wheel on
illum nation side é@of chil arlim{’gti on beamsplitter 5.  Alternat ijvel Y, fthﬁ
system can use thr r efdlere LCDs, e.g., a green LCD on side 2 of the
beam splitter and rgd - on side 1 of the beamsplitter, with 5
the red and bl ue S?gol ;Qfg}%é%ﬁlg%)sbei ng separated using a color dichroic
cube (dichroic pri26A opolaheatigppbeail spdittiagedbe n Fi gure 10 and di scussed
below. In practi ceé he ?I;lCDs can. be Cﬁnepgigﬁt ed go pol ari zati on beam sputter
5. Also, field | end88 cRpjapzatignheam PEGHO%ach LCD to decrease the size
of 10 the ygol ari zakeCn Ppslapzafion beam PMidiiAg chbe desired, these field |enses
can be cenented to the palarization beamsplitter. Advantages of the
configuration of F§lr epalarizationbeamsplising cplf ari zati ons of the Iight from
the illum nator ar se [ | ' ness on the screen; (2)
the systemis corrpggts; %ﬁﬁﬁ(p% %%gfogﬁ}mgﬁfgtﬁégﬁ%i cantly increases the
pol ari zation effic&6y olrghpolavization bepmrsmistingspbétter and provi des high

contrast on the scpgen 1%_I@(V:Veawlei htte passing fromthe illum nator to the LCDs
interacts with the“pol arizatio PEam splitter's diagonals twice and |ight

passi ng between t h@0LCDOshezo@olarizepr oj ection | ens also interacts wth the

di agonal s tw ce. 2% This | ast advEEtgge can be illustrated by the foll ow ng
numerical exanpl e. off offd elegLERSt 206 of "wrong” pol arization from
"of f' pixels of a BED Wrldenl8fkctiaroogd a diagonal, then by interacting the
wongly polarized light with a second diagonal the net effect will be to
reduce the anmount 8f wrblug reBeciivedabo®n reaching the screen to 0.04% i.e.)
0.020.02 = 25 0.00 (o . orselivngl .y, - the system of Figure 2 can
reduce the need for%addéotl&o%a Oﬁ%% dgdrhggltc?mestr'l@ance contrast. Exanple 2

Fi gures 3-2% show a48ecocummensapirary enbodi nent of the invention. This
enbodi nent i s of tli generak .tgge shown. ir] the first enmbodiment with 30 the
fol | owi ng changes: ?9) YR UL HEBHFIRINECEIODIBYS pol ari zati on beam splitting
cubes 28A, 26B)ESCRIPRION Z8DTHE PREFERREDIEMBODEVENTS sheet WO
00163738 _ 12. PCT/US00109566 pol arizers 30 between the adjoining faces of
t he beam splitti ngAsdbwcasseghabqve) thepresenigarernian pigyidesoptisak sygtemas pl at es

28 between th i 0l N t it G ol 3-5
Show t he 11 ght oAt PelpafapARaT.Cs AS IR Bltne ol Me MR Tae LT 2 P: on
16 t hr ougl80poldeviceathangefepolasizhtivh ito§ poiaszatiornt and Beolarization to S




projection Il ens (not shown in these figures). In particular, Figure 3
I1lustrates the propagation of light fromthe "on" pixels of the LCDs. As
di scussed above, when in the "on" state, the LCD changes the polarization
of the refl agp@gledrag@ht. It is this refleciged |ight that creestrasetdesséi mage
on the 10 screen. Figure 4 shows the effect of polarization |eaking through
the illumnation part of prism5. Wien a small anount of wong pol arization
passes t hr oughpobarizatidrg eikile theroffh pixdlsalpanakle pblarizetipn iof theaindtomaéag hes t he
LCDs, this light will be reflected from"off' pixels (no change in the 15

pol ari zati on) YWHCAANELch the screen, where it will reduce the contrast
of the system Fi gwe@leétlwgwstma@fofu%&péa‘nmmbwa&irlgmsé@ﬁdﬁtm t hrough
thelrraglng part of prism5. In this case, illumnation |ight reflects from

"of f* pixels olevelopedcag belused inmshe prantice of theyinyentignt M@&I@nﬁfﬁflb’ug e or
reflects fr.om een and
reduce the %onbpg@g& %}ﬁﬂ?ﬂ@é wq{hzltee:@cggé ?Ulaﬂ#eastgﬂn Qn%ft?{g{l ng um nation
while still alpansisgf anmlplgwheﬂiur drmotaeiuimoﬂ beystalraaterdes i8 ubécbtms. (1) The

sheet pol ari zer  bet ubes, A and B i orle d t.o .trans P and absorb
S pol ari zat i orRchigvey; Plp°farré4?§¥ﬁ“t° €2 °ﬁ§@?"u? qsﬁ‘f’r?tl? aﬁ’l‘jﬁléé%) and absorb

unwant ed | i ghtyded\eere E@&ﬁpﬁy@ﬂ@hﬁdgﬁbﬁt‘ﬂﬁsQEemfxgétm-H"Qt sémgmnﬂefsaawer
bet ween cubes C and Dis orienfed to transmt absorb S pol ari zati on.

It will transrthat theussef this hpmenclaturgis aogintgndeditpsbimit thesgapeef theght
bet ween 301(put{g§el%&gﬂl V\E%@a%ure 5). WO QOI 63_738 13 PCT/ USOQ/ 09566 (3)
e n

The sheet pol ari zer ubes A and Cis oriented to transmt S and
absorb P pol ari zat iThe. opticalvsydteins afishe inviehéion can be implemented with two or

three reflective LCDs. The polarization of the incoming light for the LCDs
can be the same (see, for example, Figure 9) or different (see, for example,
Figures 2, 3, and 6).

15 In the case of 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%, 1.e., 0.5¢(30 + 10) = 20%. To
maintain the desired color temperature of white light on the screen, the
red/blue color wheel can include a green filter to capture some green color
from this channel. Alternatively, a color wheel can be located between the

25 light source and the polarization beam splitter with both LCD panels
operating in full color.

Instead of a color wheel, three reflective LCDs can be used, along
with one or more dichroic prisms and/or dichroic mirrors and/or color filters
to produce the red, green, and blue channels. In such a case, one of the

30 beams produced by the polarization beam splitter will be used for the green

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



useful light (Figure 3) and absorb unwanted |ight between cubes A and C
(Figure 4). 5 (4) The sheet polarizer between cubes B and Dis oriented to
transmt S and absorb P polarization. It will transmt the useful |ight
(Figure 3) awdoatasss b unwanted |ight betwsen cubes B and DPCFUSWN08568) . Hal f
wave plates 28 work as conpensators for skew ray polarization 10 | eakage.
The conpensation nmechani sm provi ded by these plates is of the general type
descri bed in Ghennelst dhemp dichrgizprisny is weesrte sgratatetthe radardplug e, whi ch

works in a do t ] ' I 5 of
Figures 3-5 s%ﬁ%gn%ég? PB??%‘@%% lé;;%gecs X’%ggétt% ?%ﬂg%%aﬁyﬂlﬁ%ﬁe?algng bet ween
cubes A, B, Cgresxchanred (deeafgrlexathpleFiglne 1@youts of Figures 2 and 3,
nmechani cal interferen can occur between:, (1) th rojection.lens. and an
LCD, which are | oo the PRUPE GANEYA) desrritt s fadkerbiid. e syeniion

i1 Tum nati gn syt BOhdd fhliPPdeddribel b3 the OV RE HURiGhg BRamplés. 1 Of
prism6. 20 A third exenplary enbodi nent of the invention shown in Figure 6

can be used to elinminate this interfessaolgilt hout increasing the size of

the prisns. As can,b [ S . 9 . ved
fromthe front andAr%aS?%glgaaé%r%? hﬁ%ﬁ%%@%&%y@ntwgm&ﬂgﬁ%@%ﬂaﬁ.
i | lum nati on <dfiHs embodineentcaapleds: (1) pbleizatidadeaim spléttar b havingusdesvhi di ng

t he probl em of, 2~ hanj cal interfer . JAS discussed bel.ow, t

enbodi ment of Qbﬁr %‘r‘?%@Pﬁe&ag‘%‘b‘ﬁ%gtﬁ"@vﬂgzggllﬁtgﬁ‘?“é‘ben&ﬁ'é@tm?tﬁf)l # aﬂge(?)n t he
enbodi mentigof rEflédtive BCDE Bl dnd/@V &s Bhew R Sn 38girec2, Uipdd WaRiddS-pelhp@tioant of
Figure 6. Rather than dealing wth skew rays, however, these half wave

plates have t Kemtinueys LinedissreSiactedad eaeh dinsonal, vhilkighy baungol ari zati on
and thus e”hagﬂ-gcr)lﬁgigg{i eh)mi{gn B%Ef Gc&’iu?s[mit{«%&etﬂi‘@ﬁ%té \9%:%4??%%@585 1atRiPr i ent ed

with either 4 tween the tast or slow ax
way, complete usage of the light emitted from the illuminator is achieved,

1.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 splitter 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 L.CD,
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
LCD 9 does not change polarization and is reflected back into the

30 illuminator.



WO 001 63738 _ 14_ PCT/ US00109566 plate and the horizontal axis of Figure 6.
As shown in Figure 7) this orientation causes each plate to rotate the

pl ane of polarization of |ight passing through the plate by 90. In
particul ar) wo@ghésrdg omthe lanp 16 of Fi giy.e 6 whi ch passegchusdeossgh t he
first diagonal of the prismw ]| be P-polarized and will have a horizontal
orientation of its polarization plane. The angle '~ between the direction
of pol arizati on antddreatd 4 eslort Miag on iy scexaiphe pyéthm éaashsex calof or t he
hal f wave plate is 45  As shown in Figure 7, the half wave plate w]ll
rotate the pol‘ﬁ}ll?engiIHHmiﬁatd‘i"P @éﬁ@fﬁ%&?@%b@%ﬁ@\fl@e&fh Alq??rf‘ﬁfl’ge]é’ase,
the polarizat itgg sfbtelf A Us@threl Ioflecti¥e ICDASSES a lheHBOD Hsidg!S ofEe
plate will be oriented vertical I%hlvvhl ch corresponds to S polarization. By

t he same nechdasmeplgtenand redandhlugti.CBsjon sidre i @Ethe lnana splitter,weith pl at e
is transfor lLar] zathon ing t f .plate. 15
m ths vay 1R ARG SRR, Pl Polng alon ST O %
prismonce (arstiberidichfui€ prismi) of tlte typy illasirecsd infRighrep0 and discuciad
Simlarly, Iigﬂr}ﬁ having S pol arization reflects fromthe diagonal of a
prismonce (aft$'@h y once) on its way between a LCD and the projection

| ens. Conventi onal e i j i at s r ted S
light) 20 i.e.) a 55???%@&@%%@5&3%&%%@?%ﬁ&i“gﬁf‘%ﬁ‘ fé’g%ne“dﬁ’giﬁgﬁom y

0. 2% passes t Hr.odlsh, fi¢ld lelsegcanibe yaed an frantiof eachbCBotef degreaseitbe size dofi gur e

6 achi eve i rasf atjo Ny R ff . pixels.
Figure 8 ergg ¥§%I¥35 ?}&g{é@rﬁfaﬁ %I?Jlétt% érllat‘%gﬁgyvﬁﬁ%lsgeﬁ%%S%%ﬁ@pgggesrcaa |Bo% i's
achi eved. As sememidédir therpolddieaténi bewmh eglittet.ari zati on ef fici ency
(contrast) 20 of the, system qf Fi e 6.s P0: 1. (Note that Table 2
cal cul ates light i %dé(ﬁgrﬁaeég?filaﬁ-c%%ﬂrﬁﬂgn Bﬁg’rﬁ%f’)zlglmg‘de l(ﬂai’m;ssoci at ed
with LCD 9. ThRl&dddidndldf SRS LigRE frbfiHe iflluhinSQR HrE dked whicH{REdds6E thé

contrast ratio of approximately 700:1 has been experinentally measur ed for
a pol ari zat i orbrighunesspin thecscresm 2)rthe sy gteinn isseompattrarg (B the Fysieme 6. 30 As

in the e di . I Ari L0 the
enbods nent ot gy Hikeacts (B0 BorRAYGh by SPuFLIBNAEE bl e,
001 63738 _ 15 spRE€itt dBA@ro@iHes hiph cntrist onthefscidensincengt paskiagifrans ar e

sel ected to pass.inmage |ligh bl.ock ynwanted li.ght. .Th articul ar
orientation uggﬁ %W&‘H@bg%é’exgaﬁéﬁ%?c I’f‘é‘ﬁhglﬁ p%g%a ?’égg’?’PsSph ©Xfed
before or aftehagdiRlSHieRé aR@llizht paEsing BetwERELthceOCDE Al the padiebtEor®IEnst ed t o
increase the light transm ssion and 5 reduce cost if the polarization
coating of thelsn mersstsswith thpdiagonalsstvdigel/ or the orientation of the half
wave pl at pr ovi dggn-gi . [ e ates a
vari ati on%g)f the e odgﬁg%tﬂa&tﬁg?%l?gg élhi%r%%lhgﬁ%r}fglf?]%vv\gl\% ﬂp‘*dé%&géﬂare used
only at the i rexempleeH dnetassemes bhate2% b "wedrig ipoldrisatimhifrérooff' pixelshef cubes

maki ng up the ri [ beam sputter, of the.invention. For this
erbod nent ot GCPKBlerE TORE & PifiebREk Tt PE et s BRaeb i ca 1y,
nmechani cal i ntpeldrédednight With adesotsl @ialgon 4l thieat ieffBctl wilshd to Fadiee olie a

probl em than nechanical interference with a systems |ight source. The

| ayout of Fi gd@Reuntod e RedizAkion reashing dhe Rereqs te Q047 Ag-hd#r0:0% Suer
contrast Iloevel t oAl : oLl : |

Exanple 5 255i’he Ob@(}e@? ﬁg@e@bg&fﬁ%&%’?@yﬁg\%&gﬁ%ﬁ O?h%lg? r%glgll e\;imh? %t}ﬁ/\gg%dCDs and
t hus can be udedadditinnal podaxizerstte ehhanceccorditasta col or i mage. 20 The | ayout
shown in Figure 10 uses three LCDs (red, rle n, and bl ue), which can be
cenented on the exit faces of the pri gﬁ%}ﬁ‘?—@iepr oduce a col or image on the

screen and does nORiHAGY BIEsKbVE QlsBéondBRmpldALeh bbEinft oP kS fvaltinof the

liquid crystal _on silicon (LCoS) type. A color filter conposed of thin film

| ayers can be Tduaembodimentds pbtha gemeraktype shhwngpitbafirstembedimest vableh LCD
to provi degacol c P JogEtely Al so, a
RB fil ter%gan tgéf%&é@gg%%@%?éq}lﬁ{h&#{é%%&g%@ &gﬁqﬁfsﬁoﬁgﬁlg prlgém 8 and

pol ari zati on lsphHtiisgptulidse26A5 26Bh26Ceand 26Dh(2)ahe EDdbodimemtr @hiplogbkhedtocat ed
in one polarization channel and the green LCD is in the other polarization
channel . This 30 arrangenent allows one to increase the |um nance
efficiency of the system by overl apping of the spectrumused for the green
channel with the



WO 00/ 63738 _|g. PCT/US00/ 09566 spectruns used for the red and bl ue
channels as shown in Figure 11. Wth this layout) green light. "knows
not hi ng" about red and blue Iight and can be filtered to achi eve desired
col or purityWwaaeos313®w cost absorption or -12flective filter PCTIUFOGF6t | on,
di chroic prism 38 used in the RB channel can be of the 6 | ow sl ope type,
thus reducing its cost. As discussed above) a thin filmfilter can be used
in front of eakarrensiO hatween the pdiginingdacesiof the boam gplistine cukgsgand | i ght
of the wong c [ nge%tt 15 {0k G 889 £ dhghroic
prism38. A 00%2%2%8§&4 c%#@éyﬂgglgﬁb?e%ﬁ%s?@egptl cgl?é fa)‘gjioﬁﬂ%lgngt h for
10 green | i ght fasedhef thetbieai splagtinglcubes.t he optical path I engths for red and

blue Iight. Preferafl t 0 nsator will include two filter e on
each side, one of ﬁgﬁ#ﬁﬁggﬁg%ﬁ?ig ?aﬂ?q '#’Erlﬁ%ﬁfg PR eﬁe}}gthgf‘?%?ﬁ% is

| ong pass f3lt gJurcser lightt1et dh@biglt polak2ation edinvaditfing peRin PAsShé i | ter.
Using two filters of this type 1s |ess expensive than using a single green
pass filter. 1Brojgctigadens@ot shewe dnshesedigiredadnpartieplagzcBgure8h a second
dichroic pris fur Rrciridig ffsid B Q. n f ot h LCoS
can be used, ;qcl)lslggfger?pﬁ%g, t &%qr%cﬁ}ne(gfgl ?he a?rg%n@l %@Fg}éﬂﬁ%ﬁt 5 |Sch
reaches the scdisamssedebovel wtheaxiartpkdon'Ftgte, sh@ L&D dkareges $he Palagrzation
Publ i cation No...10-253922.. referred to.ahoye. As shown. in Figure 10, the
ol ar | zat T on eP apsered ight, s s renaad Fepf Bratirsalthins Pore bbb alce
t he opti calo pasdaeddir ough the prismsystem Wen this is done, the sides of
pol ari zati on beam sputter 5 have a stegped, rather than a f| at

configuration. Notdlgwis4 ghewshe effact pEpelapzatignlgaking thueygh tkiigagonal s 6
and 7. 25 Alt [N f‘iﬁm&i Majt, f BUEPEE W Regs

descri bed and | ulsltafr}gltqg%w?t 'S Fo beéxﬁ% g?agfgog ?ﬂgt nmodi (lﬁgat?c?)%ns can be
made without deqsaes thrgugh onrefleets fromnthieahiagonsnis of thegqriss eandaeadhes thganpl e,
al t hough the f..a i i rd S C, r . il lustrated
" Fgare 10 15 obtt RREOHILEs KR EReR S PIRL Rt Ret B B o 6 (i o a0
approach fb¥ apdladyitich)anduill eathithé sagen,Oabededt wik dedudeltharynirast afl |
enbodi nents of .the i nvention. WO 00l 63738 _17_ PCTNS00/ 09566 A variety of
ot her nodifi caiesH&® i ch do not depart from the scope and spirit of the

invention will be EIM%&%VE shewPeSant 6f pOlafiz A6y 1edlking throukhehdithagingm t he
di scl osure herein. The following clains are intended to cover the specific

enbodi ment s setart of prismey- eimthas cagel luminagion Lighdireflects frone "off nixelsaf i ons)

and equi val ent g, 2CT i Val ues
For the Pl ar i 25O IP sk fifhunt fe ok PR BBl B e b MR e o
Splitting ZWbedingarsdsnvbtheqrisnorit Wilakach @t scoexth Sid etk $he omtirast. S

pol ari zati on0. 002r el ecti,on for ol arizatjon0. 2refl.ect.i on .f.or

ol ar | oat i ono. 99 FhsPEPoSfiees o siiers o |eakine e BrbiaR vt stdhs 1 o
Figure 8 Li ghtallgwiag imakial light'teRedditheSscrédn asIBBMEY t er the source of

light1111BTransmtted through di aggnal 0. 0020. 80. 0020. 8CIransm tted t hrough
hal f wave pl at 0. sélbozﬁheegwgsﬂww&eéwem gwhes Aand Bis riented 0

dihagonﬁl 0. 80. 00040. 80. OQA4AERef b antSHhsbAy SpbfdrikPR841 Wil §AnAQARLr ansmi tt ed
t hroug

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 unwanted light between

30 cubes C and D (Figure 5).



di agonal 0. 8E- 60. 640. 00160. 00032GTransm tted t hrough hal f wave

pl at €0. 640. 8E- 60. 000320. 0016HRef | ect ed from

di agonal 0. 640. 16E- 60. 000320. 00032Total |i ht fromthe prisnD. 640. 00064 WO
00/ 63738 _ Mo odA37I¥S00/ 09566 What is claiyged is: 1. A pol apcrasoompssheam
sputter having first, second, third, and ]Tourt h sides and two pol ari zi ng

di agonal s, said diagonals intersecting at right angles, said splitter being
symmet ri ¢ about ea€d) di Aheshédt pohanizeribetwgén chibes Agn8 (od enemaditon

primarily reflects from.each.djiagqgnal | { ght having. ol ar.j zati on
primarily transmits th%&&ﬁméta%ﬁgaiag’ﬁﬁﬁ’gﬁpo ; lzﬁﬁﬁmp:g'f %f’lfﬁ‘pﬂﬁs%t am sputt er
of daim1l wherein the {isdfl lighte@egke 3)Rindtabsartsl ub@ahtéd Bpkichetdetn
substantially flat. 3. The polarization beam sputter of aim1 wherein the

first, second, third) atitbesdlnnt Gs(Figuresbe st epped. 4. The pol arization

beam sputter of C giym 1 ' ngggr . Lization
beam spl i t'(tBi ng cubgzis), eg}gﬁgéﬁ%}%}%ﬁ%@%ﬁ%g{%\g 0 %r?@u gés%ré ohgt{)wo of its
faces. 5. The pol ari zat transinéta$aad|absorr P pbla@izitiond Itwedl tiamsinliethe

pol ari zati on beamsplitti bes, are ,all sybst.anti al | .he sane size. 6.
The pol ari zation beam sﬁfﬁqg{é%‘to&‘@rﬁi aﬁ’d\/ﬁi@?’é}? anv\%t%‘*ﬁg}i‘utebe?ﬂ'ﬁgg have a
first size and two of t&\ﬂ,&lﬂ)gﬁd?jﬂiﬁg@res&(pond size. 7. The polarization
beamsplitter of Claim6 wherein the two cubes of the first size are

| ocat ed al ong one &ladijBare plates 2§ workes compgnegtornior skewray polarization| ocat ed
al ong theq@th I.Ag I | | S : b 4
further colgprffésalﬂir%f as ecgﬁﬁgggﬁ?lgéﬂ}egggﬁ%eﬁﬁv?e adf%%%atgg(% of at

| east two cubeeneml tifeederctibed Imil.SnPateatNopLi, 827,230, Whetera §uatier wawme a

i LR IR RUEN R BT AT R R
wave plate betptansofBigdesi3rs Sacd Bechgled ordy pheastonch B URHAMS .
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 L.CD, which are
located together on side 1 of prism 5.

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

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

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

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

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



11. The pol arizati on beam sputter of C aim 10 wherein each half wave plate
is oriented so as to convert S polarized light to P polarized light" and fo
convert P polarized light to S polarized |ight. WO 001 63738 20

PCT/ US001095¢®0a63738The pol ari zati on beamigplitter of -C ai nRCXUIYPSHEr
conprising a sheet polarizes between the adjoining faces of at |east two
cubes. 3. The_ polarization beamsplitter of Caim10 wherein a half wave
pl ate is | ocaplae gagdthe horigentad psisaf fignrec sAsshawn in fiigureyhdbis 14, The

pol ari zati on tier ' rei Pﬁ\iﬂ@a{f eis
oriented so agﬁ?ﬁf a?%?\&véé’lr Segé%g@?@zéﬁo\le?%h@ b?’cl)f%cg arllflzze ?ﬂg}h tand to
convert P pol aasdeg thiogigh the phtpdlys@t°zed | i ght. 15. The pol ari zati on beam
sputter of Caim 13 wherein et polariz LS. located pet ween the

adj oi ning faces of P’hﬁi”_f‘b‘hﬂr' gﬁ_ﬁgg."m_l@’.e L‘FH’é’ i%?gﬁ%‘f ?@ﬁﬁé’ﬁ?%‘aﬁut ter of
Gaim1l fust helirou@ARhé &i'réleiﬁF&lle@hé?pﬁﬁmSmmE@PCpoﬁﬁibMﬁdlwﬂl Ravé hon of
the third side and an optical path | ength conpensator associated with a

portion of thboficantahosentmtiohnf itshmlouzatidrpinnen Theamgipy betveean thel ai m 16
further conprising two reflective, polarization converting, pixelized
panel s associ direetion efpalatizaiomard shedireshiomef, frexaamie dhefest 438 Bri zat i on

converting, pj | 14 . eciated with the optical path length
%ﬁix%%v@%&ée g2y

conpensat or. e polarization beamsputter of Claim1l further
conprising a firstAsshéwnin Figurs i, tbsbalfaras Matdwill psate the miatizatiarhi r d
side and a seﬁ_ond_di chr oi Ctﬁéi sm assqciated with a_pqortion_of the fourth

side. 19. 1&hedpgstion thropsh theangle A1: (larthig caseqthe nadanzationedireehign ¢fsi ng t wo

FerLecty e, PRVR] VBN BSOS B pB Ll PRI oBERE ALBEh 1 (e
which corresponds to S polarization. By the same mechanism, S
polarization which is incident 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 i.e., approximately 99.8% of the S light is reflected and only 0.2% passes
through the diagonal. As a result, the configuration of Figure 6 achieves a
very high contrast ratio between on pixels and off pixels.

Figure 8 and Tables 1 and 2 illustrate how this high contrast ratio is
achieved. As shown therein, the estimated polarization efficiency (contrast)

25  of the system of Figure 6 is 1000:1. (Note that Table 2 calculates light
intensities for only one 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



pi xel i zed panels associated with the second dichroic prism 20. An optical
system conprising: (a) a polarization beamsplitter according to Claiml1;
(b) a light source for providing light to a portion of the first side of

the polari zeu,?g'p HRAM sputter; (c) a prOJ ction Iens for reeginéddigsdsi 9ht

passi ng out a portion of the second si'dé of the polarization beam
sputter, said second side being opposite to the first side; and WO

001 63738 _21 oﬁgiédéﬁﬁ{alo@%ﬁ@& s(hdkt ﬁ&lah“z@ﬁst a sTe'léc‘ééd E(ﬁf)&s%(iida\é% lightladii zation

converting, plxellze panel and a second reflective, polarizatlon
converting, piblaskivneragaddight.eZba ppah@lllas erwnb@;lqroumdduﬂhd@endgm passi ng

fromthe ligh t,0 rpj.ectiq 1 Jh .St em of
Claim 20 V\heréﬁhﬁei)%e%rcﬁ’ﬁ}fag Vg ﬁJtF $ !’%%%Cl a%r g Wi ff_lergth%gr t gtgikdg The first

si de and the %@@hdeppcnehzexs caﬁShéCdrﬁit%ﬂwihbr@spmhé light tanbhdssiqcand si de.
22. The op |caI lé(:yste &ﬂ Claim 20 wherein_at |east on of the panels is
associ at ed°wi e85t i &he pelarigatipncpating of H&ﬁ%ggm%iég the prems zation

beam sputter. R3orid AatRBIIFERE hAUSHAM fhtdd ﬁfomd%g a\ﬁb&ﬁﬂe%aﬁrag@ast one of
the panels is associated with the third si'de of the polarization beam

splitter and at | east one other of th@zpmml&i |s associ at ed W|th the fourth

side of the polari ' m.sput t er. cal {em Cl aim 20
wherein the pol ari gg“{lrg%"ggat ée%ﬁﬁré?tl%%%%e ee%gé 1meﬁ’al°¥§ llnat es, each
of which is Olw}ﬁdfli hdlf aveplates o vueéd oSl yad taarelmﬁuifdcegbétw@nﬁm@é ari zed

i ght and and. at | east

sone of t Hbo| e\RfW’& ﬁﬂlolg‘?r:’é g‘?ﬁ/‘l’-}‘&’geg;n% dﬁg}@{ﬂ!{qﬁg‘gz‘l?%é?asmlspb‘wrt hat
has passed t hpPighinkBRtiSNFdIdhis $EY6diBleHtESnly LCD 9 is moved from its
position in Figure 8. Typically, mechanical interference with a system's
projection lens is more of a problem than mechanical interference with a
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 crystal on silicon (L.CoS) type.

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

25  surfaces of the prisms in front of each LCD to provide color balance and
color purity for the three channels. Also, a R/B filter can 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



25. The optical systemof Caim20 wherein the polarization beamsplitter
conprises four half wave plates, each of which is oriented so as to convert
S polarized light to P polarized Iight and to convert P polarized light to
S pol ari zed woght373eand a first portion ofighe |ight which PETUSW®PSEd by
the projection lens is light that has passed through two of said four half
wave plates and a second portion of the |ight which is received by the

proj ection | erfpestsumsgised forsthetrgd araldiue charnale ps shewnin &igwigol lof Wil d f our

hal f wave pl at E pcal CoMmyi sing: ' han beam
splitter for d;(rﬁgs &g‘?‘h"gé&ﬁ% h;tm%{ ngﬁ:)n%ﬁél?l%ggf’dé ‘ﬁlﬂgaﬁtan@lb\%l%glk %él?égﬁfgz_
PCTI US0010956dil{dred o dilibvedesiyrd ilongirity with dow esstoabsorgticanodiretfleative ()
an optical path, | ength conpensator which_receives ot her of . saj.gd beans;
and (d) at | eaéferﬁ'ng“ P?ié‘lﬁ'?’gf 3@@9%&8&5%@ Wﬁ??]%}lﬁ"weiﬁ nBﬁPh&Peengt h
conpensat o5 3dw sIdpR t9Ps,ithas rédedifREtRicosd. 3Adibusnba aBbve, iR filheAsd: One
light filter conprises two light frlters on opposite sides of the
conpensat ory ¢a8 bsaisad i fromb of eaglsef thie|klwe and ged hEo§isiteclasa wyany | ong pass
filter. 28. The.. e LN 46 [t . Cil

pol ari zati on rc}g%l\ggéft]?%lt,&%lﬁég}lﬁogéggﬁgwlél gér,gg%fégds gtg@e%aivdoﬁ&% %‘gna&iog hroi c
pri sm and one diéfrbiegirisne 38pol ari zati on converting, pixelized panel is

associated with the optical th |l ength .co nsator. . 29. t hod for

i nprovi ng the cont E‘Wsﬁt"g%@j%‘& %Weéfgg%eeﬂﬁw*%gpé‘ﬁ‘ @5@19"6%

reflectivap pradd Bght SubsHIYAN dqithl tsm@léﬁtm pRANRIn jrirel REd eS| N9

light froma |1ght_source to the pixelized panel, modulating the |ight at

the pixel i zed lightePrefarablpabeicampensatep il dndlude tyn filteps, ong0d; eachisisle: | ens,

wherei n: (a) %ﬁ%‘&?%iéhhﬁ d %]19;'% %Qé‘ﬁﬁéﬁ]é’xﬁkftﬁ&&hef Pf @ﬁiéh()i@.lJJﬁ%]é%ss%ltér,eaSt
two ha n

sone of the |ight passes throu wave plates orie so as to
transf orm S pebahaz@eid ¢ogittinatio® gpadsar greenl phsghiteantsepwtafiitemdfithight to S

pol arized Iight 'el(sq 5 bet ween the |ight sou eceegrrlld tsh?1 tgi xel i zed panel, the
Pant. | nt er aotEohetame R e PanckliY aPRgl g Pee BBy

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
system. 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.



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

pol arization for the other of said interactions; and (c) between the

pi xel i zed panel and the projection Lens, the light interacts with two pol ar
i zati on di agwoabss7as he |ight having S pol ggization for one rafr/used/@ses
interactions and having P polarization for the other of said interactions;
where an interaction with a pol ari zati on di agonal i nvol ves: WO 001 63738
_2g_ PCT/ US00/ 0956 6A (iayiety ofwethiet ynadifarasions svltch dhmot dbpattdrath ahesedpei f t he
l'ight has P polarizatiaqn, and (ii) primarily reflecti f,romt di agonal

if the Iight haad @%WEWE&H tongpll be i °fR¥FS‘?’}Fp‘%n&¥FH’§“¥ SRR o
a projection syftfeseRBldescldtiré hetédAS The\WlldvwingatinkLarelatdidedab icover
converting, pixelized panels conprising passing light froma |ight source
to the two pi xBie spegifisamebodimeptrseitforth henein asgiell s suple mogdifigatioasi zed
panel s, andx I . at light to a projection |lens, wherein: (a)
bet ween theal?g%%gggﬁ$ggggﬁgkgﬁégﬁiojection l ens, a first portion of the

| i ght passes through first and second half wave plates and a second portion
of the lIight passes through third and fourth half wave pl ates, each half
wave plate being oriented so as to transform S polarized light to P
polarized light and P polarized light to S polarized light; (b) between the
| i ght source and each of the two pixelized panels, the light interacts with
two pol arization diagonals, the light having S pol arization 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 |ens)
the light interacts with two polarization diagonals, the light having S

pol ari zation for one of said interactions and having P polarization for the
other of said interactions; where an interaction with a polarization

di agonal involves: (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. .A39. A3L. A3 . A(
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G | Transmitted through half 0.64 0.8E-6 | 0.00032 0.0016
wave plate
H | Reflected from diagonai 0.64 0.16E-6 { 0.00032 | 0.00032

Total light from the prism 0.64 0.00064
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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.

5. The polarization beam splitter of Claim 4 wherein the polarization
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.

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

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

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

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

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

and to convert P polarized light to S polarized light.
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reflective, polarization converting, pixelized 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) apolarization beam splitter according to Claim 1;

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

(© a projection lens for receiving light passing out of a portion of
the second side of the polarzation beam splitter, said second

side being opposite to the first side; and
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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;
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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 imteractions and
having P polarization for the other of said interactions;

where an interaction with a polarization diagonal involves:
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(a) between the light source and the projection lens, a first
portion of the light passes through first and second half
wave plates and a second portion of the light passes
through third and fourth half wave plates, each half
wave plate being 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 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:

) primarily transmission through the diagonal if the light
has P polarization; and

(1) primarily reflection from the diagonal if the light has S

polarization.



