;] ~e3eC@. j 6T, 3(WO (12/09~. ~87 PCTI US02/ 15523 -1 5 POLARI ZATI ON
ARRANGEMENT CROSS REFERENCE TO RELATED PROVI SI ONAL APPLI CATION  This .
appl i cat mamopdoaisTs t he benefit under 35 USC 119(e) of U. SPCTUSH/GEEEI on;a-[\_".'j-_oﬁ
Application No. 601292) 178, filed May 18, 2001, the contents of which are
incorporated herein in their entirety. “JFI ELD OF I NVENTI ON Thi's invention
relates to projection optical devices for use with 15 reflective liquid
crystal displays, e.g., LCoSs. More particularly, the mvﬁmm,mlm m“ s to
an arrangenent of pol arization conponents designed to wor mm "Wu ve
liquid crystal displays and maintain an effective separation Qs
illTumnating light and reflective |ight. DESCRI PTION OF PRI OR ART
.Reflective liquid crystal displays (e.g., LCoS displays - Liquid 20 25
Crystal on Silicon displays) work with polarized light in accordance with
the followng: "off' pixels of the display reflect light w tﬂmm

41ts polarization state angAORRTPRI ari zati Mﬂlﬁ,}ﬂ@gﬂ@,ﬂf
illum r?ati ng light by 90 %%%gégA?‘i{)ﬁe?‘?ﬁggw on" pixels ca he
pol ari zati on unchanged and "of f' pixels can rotate the pol ari zat18H™ but
the "off' equal no change 'n(g)ol arization and "on" equal _a change in

pol ari zat i GROSS REFERENGE O RiLATED PRMVISINAdatR LI A opti cal
| t of | arj,zation. ts 4 h iR Fi,g. ke, U. S
pat ent 5, 307, 27D ioPEnSars 1bF henekarrder PP UFC AT AT Ha Lrom
val ve '”HQPrd?ﬁéibﬁﬁrAgah@ﬁbﬁQ%O.W/m,hﬂs,%ﬁdgv@w& 2@01,191%l:oﬁt|éﬁt§@ﬂtl ent of

whi ch is incorporate erein by reference. 3 n the | ayout of Fig. 1,

i |1 umigat i whidh gt inRopeaaesd hbreingh thein entivedl. pol ari zer 9 (S pol ari zer)
and is reflected fromthe diﬁgonal of a polarization WO 02/ 09y87 -2

PCT/ Us02/ 1BEPBDHREFNPENEIEINS (PBS). This light illunminates LCoS 11. Light

reflected frommpff. bl X I i pci dent i ght
and is reflect eER{SrI(I)%Bb ﬁghgﬁgﬂgﬁtég?ﬁ@?gggg%bﬁ# ga%ﬁeagf u"trlng.éﬁvg%tlﬁon syst emg
Li ght ref | eflReivENRideRystal dedplafge.@, RUoSsi Mbiopatiddlagignehe t o t he

pol arization of 5 incomng light. That light is transmtting through the
PBS di agonmiveationarelates tommoarraagpmené ©f pelarization compengyistdapignadetq i ght

17 in Fig. 1), Lt sheuld ted that in this layout. .illuninating light 8
and | it nyor gith Toflessver Bl Sstal Yiop s Andl mA i 2 HFSEEN Dassi ng
t hr ough thﬁ‘eégilrﬁggg%fiﬁhniiﬁﬁt'ﬁg'qig?l&daﬁd‘Fefléﬂiﬁje”lﬁlglb@am reflecting fromthe

di agonal . BS di agonal "has a nulti-layer structure, which is
desi gned t DESCRERTIGNPOFRREARIARTand to transmit P polarization. The

the contr ast - of ReReciay hemid vrethFREp kD Bitar kS5 GRATF rOHASA tho PBS 3
e contrast o or F e
absorbs i A . : I an: Tl i t t required
| evel . 15 E%St\g})hg %}181941 gﬁﬁﬁ%ﬁ??ﬁk@wﬁ ﬁ%ﬁ #a}'? gp@%@eﬁ‘%ﬁ{/‘iﬁ{é’g ‘gﬁhF- nunber
equal 2® 2t1) foMowahge refft pixels of the dispdayt reftgeolliphitaeithoot elidiegingfity skew
rays. This geonetrical effect is described in the Myatake patent referred

to above andlargtioncstate gudr'ont pikele refiage he pplarizadion pethpadluneaginge
flecti 1 gui tal display.11 (e.9.... LCoS) i ntai n. Ni

cont rast - bah e SpideRs. ARRL R Brp st bRV RHERPLEA A 1 gn

cost of thﬁn?ﬁﬁl%@aﬁﬁ%ﬁeﬁﬁte‘wcéﬁ%ﬁtg%ﬁéb%[aﬂﬂ@d’t‘i’ori’,'lﬂltebhev"ﬁffﬂ@qﬁﬁnﬂbreS a

very precise angular alignnent in order to reduce the skew ray problem

Al so) quar tkangeirepglaaizasioar and o' epradia ¢hangein polpeizationdsi ch creat es
nonuni formties in contrast across the | er. 25 SUMVARY CF | NVENTI ON To
addr es4? t hBr?‘Eﬂ"@gg'i‘?ﬂ&leéFPE’iné%?BEW%&%?&P?WW%‘Q%‘}W{ provi des an

optical sy B r ). 40T Bl Pekakcal]. 8. PhtH:

nodul at i ngﬁ%@%{a@%ﬁd%ﬁ%}%}%% Fgﬁgﬁgﬁgp%og ;%éngﬁg&%lfgi }rjage of the Iight
,modul at i ng532M2T®lentitded"Polarzitg BeaheBSplibt@vi Aygparateptunddiigho¥adveD i n

i mger space; and (c) a tilted polarizatjon s;fl itter |ocated betwefnht he

|'i ght wolmzge Preprtiontdystony’ vekpeh isgued on July 5,1994, the content of whic

' is incorporated herein by reference.

30 In the layout of Fig. 1, illuminating light 8 passes through an initial

polarizer 9 (S polarizer) and is reflected from the diagonal of a polarization



nodul ati ng panel and the projection |lens) said polarization splitter
conprising a substrate having a thickness T such that the astigmatism

i nt roducex) byosskss substrate at its tilted angle is | ess t REWUSH2/EGERal to D.
In addition to the foregoing, during use, the optical systemw !l also 5
include an illumnation system with t¥%é tilted polarization splitter being
| ocated between the illum nation systemand the |ight nodul ati ng panel .

Addi tional_ features vant.ages. . of;. t W\ [ & in the
A S R e i B L S
those ski lhgdpinit Basdhé s&[ﬂ%gi)élaﬁtz_aﬁﬁﬁcds' fHel i90iden t AL & &drdflecidact i ci ng
10 the invention as described herein. It is to be understood that both the
.f or egoi ng fgmnahal PB®siiagqtdldmackndte bee flbimowvithen dpstem.ebighistefleptadon ar e
merely exenplary of th inve(ﬂti,on .and are | rovi de an overvi ew

tended t{o.
or framewdrdos op" pivele Sas ApHarizaionarthes teﬁg?aeiaefﬂga&f%ﬂ i nvention as
dt is glai: . : 3 i ] 3 din and
consti Dut AREApIEligRE, FRERTRAEN PufitifRThr itk IhePBS BERORAl 3hAT | 1
i nvent i on,enmeth int@ehb @irojactibniléwes oty syptemn(ses dighe 17aneRyy. d).nlt he
principles of the invention. It _is to _be unders gggg, of _course, _tﬂat bot h
the draw ridoudthbe mesed shat inpthis fayqut, zelklpma%&%gil |18 and gmagmeglght

restrictivg of the 20 inventign..: F "\‘I:R(] : NGS Fig. 1
is a schemst ! ?5W?féegqu&bﬁ1%pl}ﬁ§&5aﬁa BT zxgﬁagrélll %F%@glgrrenyv\hl ch

enpl oys a PR9kahAIZG the PBS 2dStHe! ind £FingHéath 8e@EdtEig Hravetle diagonkly. 2 is a
schematic draw ng of a polarization arrangenment in 25 accordance with the

i nventlioon whi cHTleerPBS/diagonal hes apoubidlayds stnuetpiret whichhis/desjgredtbst r at e
whi ch does not generate unacceptable |eyels of asti tism . The reference
number s usr@@ePﬁgtﬂ?ia’é}F%W%ﬁél r@%%%‘&htdi‘ tptﬁff’ﬂ%atf‘%‘i"l %%ﬁgpl%r ﬁ?‘l‘%’%
quarter I ./ -A84¢, - M. 1.l ] i t SPh from
illum nar?f\éﬁwgy@% gn?%l pggépgggr&%f”l‘?%%P Jﬁggg%%ﬁénghgg%% 5 %3 polari zation
splitter (Ph&iditilpolaizet Pok &oint of thd PBB Babszetis lighsplitt Per substrate 15
projection lens 17 light to projection | ens DETAI LED DESCRI PTI ON OF THE

| NVENTI ON mrdarigation te3naintaimthe-eantaestcatothe reauiradelevele | ayout is shown in

Fig. 2.. The polarizati op,. splitter. o i i : i.th, for
exarrplzler’, a wr _e'%‘? Fﬂn%Bf]]égﬁgg]ronﬁg?e gi_@?ﬁ%&@%ﬁ%ﬁ@ﬁ%ﬁg@#&em itled
"I mage ProjfeditgR SYwhith Wehfesa E@Pﬁﬁbéﬁmlﬁﬂﬁm%bh@f@& forikeRy ¥ass.

publ i shed on February 8, 2001 and Perkins et al., U S. Patent No. 6,122,103
entitl ed 1FPhisBreomktancl ¢feet Srdedcibbdin the Miyatake pbtentIederredtd whi ch

i ssued on Septenber 19) 2000, the content of each qf wch i g.incorporated
herei n by ‘Iﬁé?v@r EeqUIRRS R ANATTEX W A PHE Sehetineeny eaﬁaﬁriaﬁaithepol ari zer

are siml £.he. nr: LeS: i it g ;
pol ari zat ?%erﬂ egﬁlggﬁle 1§(&}? ggt?,?aﬁ%g?f li rEégr%d ’tlage;gﬁoulr]rilatrll%%alﬁggﬁg?tsc? Ielﬁl;a%t'goes
t hrougdp an i ni tTht np@inediadesacksdF this puibsizatien)lagot aedf thechighf costmof he wire

grid polarizer 13 tilted 45 degrees as shown n Flb‘aﬁ ﬁ Thjs tilted
pol ari zer HreolBSeand ke nepthtatiFea BAGGRAVE Plates paich rpgiures a very

precise angular alignment in order to reduce the skew ray problem. Also,

quarter wave plates are very sensitive to temperature which creates non-
uniformities in contrast across the imager.
25 SUMMARY OF INVENTION
To address the foregoing deficiencies in the art, the invention
provides an optical system (polarization arrangement) comprising:
(a) alight modulating panel,;
(b)  a projection lens for forming an image of the light modulating
30 panel, said projection lens having a depth of focus D in imager space; and

(c) a tilted polarization splitter located between the light



the reflective liquid crystal display 11, e.g., LCoS: light reflected from
"on" pixels has 90 degrees of polarization rotation and passes through the
wire 25 gvoo/psksari zer into the projection | ens 15; |ight PECEfUSEZtS82B from

"of f' pixels has the sane polarization_as incomng light and is di sposed of
in the direction of ( the illum nation’3§ystem 7. The substrate 14 for the

wre grid structure is a plane parallel plate. ' Atilted plate in the back

wor ki ng space of. a proj,ectjign lLen e S i ! .whj ch reduces
the i mage Iﬂ%‘i‘ll]lawl a‘?‘%‘}ea%(%ﬁéee EOJ cﬁ(gncgegl%dgl%@e&\?\ngk %ﬁ?]%iemssfﬂrk/t‘é\ér}’“ on, to
reduce thigpfiagahbves@idieste hdvifg a RLIORIRISASH (RET{RSANiE6H2Bm 5

t hi ckness of the substrate (plane parallel plate) is nade very small (e.g.,

.about 0. 15npmeduckd by thieissibshiadk addts tiked angle iraless thas opregmal taD.y

L, TS DR BT A e

.See Snit h,. : L abitEnei ' ides) I cal
oot onD "jndidalh MumbRoR st 3yic e 166 PolariafidsplePbofdy | o2

Syst ens ition, in the ectro- Optical 'Engl neering

Seri es, Rdbeitedbetwesathe iHathilatioasydtenSrindhthesléghtemodditng pakklz aw- Hi | |

New Yor k, 1990, page 96-99, and, .in particul ar, page 99, the (i;ontent of 10

which is incorp‘b‘g onah faturepgnd edyppirges of the pyantipn axeiset loyth an

proj ection,le ianed t.0 . i i S ) . e (not
erl)he b(ﬂ%?ﬂg(? d%ﬁcrﬁl]i)ﬁgn %nlflﬁ ?&MM,;&VF% {nacgg‘ﬂt't it b8 reégflg};éﬁ)gagm

noti ceabl €)” _ e ger-1's “gener _ one piXe

repr esent abithes® skRledSinzthef £t florh @hat ides&iplieh Of TecAaiosd bhGrdstiding. 8 f
nunber corresponds to a depth of focus in iImager space 15 of +/-0.025 mm
wher e 10magde isyanBonsistdesceibad debeimween the LCoS and the projection |ens,

.e., it isth wh t he [4S .4 ted. See th b .W Spith

Loxi at pages 1436 Eabe Belessioaatpar Bofk theGkEng Etaval IBaTHRish AR L Cos
xt at pages 14351380 BEEA i t

ager  spans o pa e ARl CAGEPHIoR Bl RIS R B e e o e by a

tilted pl anet pes tlteatedtapeovide mnotdrviden es frahe®oild fomundemstdmdingt hi s
depth of focus, which nmeans that it can_be ignored, It should be noted that
a dept h oftheoratgremnd clprgoter phthe daendionasat 1sglaimedd projection lens f

nber, i s functiponally the. . t i Its f
Const d& gt nerBE8kipb Sy 3 FrdipkR s RER A ednobgiiaralt e oVt o Trom
defini ng ageRBtall paktl dfithelspepifichtion] Alustkde VAo gsbatepbhtlaf focus in

i mager space for a human eye | ocated approximtely 2 neters ( froma screen
upon whi chinaeftixn; anddogéther with therddstraption, geameltoeaplaindhemrinaplesd i s

SCbstrat o Shibengvantiane Ahis® hniaHeropd .t whise shalholl thd v ey, °
le. 0 J 4 . . > : S q b

Conored. NpR TR aks RPN G AR RecplictOB R YL Conce.

with t2e imwentionn, a tilted polarization splitter (e.g., a wire grid

pol ari zes) _is_used between an il| um nat | stem and a pi xelized panel
whi ch con‘pBR%EF RESGREFTHQON QE T, ﬁﬁﬁkﬂb@é such that the astignmatism

i ntroduced by the subst . i i : oIS is
| ess than or qulaﬁ' ﬁtlo at%%}eg%%ilﬁaﬁ‘%ﬁ%#sé ﬁglo?%ggggiagi%%a&o%? n?'ﬁ%reg?e(s)rj)tecti on
| ens used whidh&@ldyiea pokeidarioh Peaialspdinter addh Ritata wava piateeen. An

exanpl e of a plane-parallel plate that can be used as the substrate of a
wire-grid pol arFizg isa schematandeawingof 4 polarvzatisroariangementdni um Cover

d ass isher Scientific, catal.og # 125480 . It .shquld be noted,.that in
add i ereestgnvi e VB REBH sRpsRtR ey evi Bod helnending SPUteR

I nsensi ti Vﬁa&i?xg(é)sul?&?afd Fhiasgodd ndtheerrafeuRERpksbleAb 3R otnd (2) ther nal
deformation of the plate. The insensitivity to thernmal deformation is

parti cul ar stigmpoisirant because the 15 plate will normally be nounted at
room t enper at ur bui operating te rature is,about 50-60, degrees C, which
creates thermal %béfrﬁ’{r\eﬁﬁ{l?’%ﬁuﬁ’f%ef%é‘gg&é‘ﬂé.e ERWINES ?%éeiﬂoé’cdetqélevery t hi n,
it does nofoll%%&lﬂlbfi cantly deformthe wavefront of |ight passing thorough
it, and thus the“projection lens can "l ook through” the plate even if it is
deformgl. 20 UsBng aPBS e grid polarizes instead of a PBS al so neans that a
quarter wave plate for conpensation of skew rays' depolarization is not
needed. This, if turAUaLEWAMEPIAkR very precise alignnent of this
conponent fromthe assenbly process. It also solves the problem of contrast

non-uni formty associated with changes in the properties of the 25 quarter
wave plate with tenperature.



Al t hough specific enbodi nents of the invention have been described and
illustrated, it is to be understood that nodifications can be nade w thout
departi ngvd opmsidve i nvention's spirit and scope. For exampC®usizistsend of a
wire grid structure, a polarizing bireg_i ngence filmcan be used 30 on the
ultra thin substrate, such as that manUfactured by 3M under the tradenane
3M CARTESI AN POLARI ZER (see Private Line Report on WO 02/ 09y87

PCT/ US02/ 15523 , 7. P (‘?Jection Di% | ay, Volune 7, No. 11, July 20, 2001,
pages 6-8). Sin | arlly, MIRANOD RYS'fBscribed ultra thin substrate can be used
with a polarizgion eaxtide IIRTHARALIR sytidn’ € grid structure. This
configuration has the sane benefits (i.e., no astigmatismand | ow,
.sensitivity to %hon Ddlhatercss and deformation), but still requires a

guarter wave plate for conpensation of the skew rays' effect. For this
enbodi ment of the irl\‘/%bﬁ‘inga}l AHRE BABPL of the surface of the polarization

COR g i n L oRPeC i RERRPAIER: @1 SwTRYerda bbEirddhp 25 dogr ees 1o

achi eve an effec ivepl nci dence” an npi ngli hg on the coati ng.

Tilt angles othpf thsladidatibndpliteesubadratbso be used with ot her

pol ari zation separating nechani snms, such as the wire grid polarizers and
pol ari zi ng bi r ek i ngenegestionl lewsdi scussed above. As another variati on,
free-raster LCD{,Ean Lé& ich.arte addressed directly using light froma CRT
can be used in the 311 & HORFORCHML® M vent i on. 15 Al ong these same |i nes,

the i nventhpT AR EDDESERIFPION OTHETNTENPIONht modul ating panel s

(val ves) now known but is intended to include any and all panels which may
be devdl oped i nAtshkematicrof thé ineentave lagfoudtis ehowndinf Figai dhse whi ch do not

depart fromthe scope and irit _of the. inventipn wil| be evident . to
persons of PAAHZAEPY phtfer of Fagure I ig mﬁ?wﬁwa*ﬂé%gmlgp PeVHe The

foll ow - Al i it At G: j t t forth
nor ot n a9 Gt OREd 18 S0 TR LRGN VO BLTRRAT S AR TR D 3 5™

WO 02/ 09s: Pifectfor] BBstend whtH. b@ﬂﬁiﬁ&%Beiﬁi Sshetes" which was published on
(mm 1. 00. 750. 50. 250. 15A5tri¢grmt ism( -0.269-0. 202-0. 135-0. 067-0. 04 WO
02/ 09y87 _Kebrwsay 8§, 2001 zindeBerkins ptal UEDE/ Patod No. A1 23pt0Tentitlpdt em

CoNprisi NG (@), a_light tin angl . a, projegt.ion lens for formng
an i mage o@fﬁ)ﬁébﬁpéﬁ?ﬂ gﬁa;%‘?alﬁﬁlzg‘éﬁ%rln@llsy?a]lg?’%erc&ﬁ%t iwgﬂcﬁé?%eﬁa% ng a depth
of focus D5 Reh{FEFero SVOCthABshteht of chéh bEFHIH ?gi_n%ahlb&ﬁtécphbiéiﬁrby‘ ocat ed
between the 11 ght nodul ating panel and the projection 1ens, said

pol ari zat i mefersgmicet (Rire paapizationgprapsrtibet ofad wibagridgpdarizec Rreesnifasteh t hat

the astigmati smintrodyc y..the substrate at_its tilted angle is Less
than or eqths P!W"H”QP%&%%HW%JS ShamsariteP folanizaHen &nd rstiests 3

appr oxi mat £l GO tHe! RLGERm system 7 goes through an initial polarizer 9

20 (S polarizer) and reflects from the wire grid polarizer 13 tilted 45 degrees as
shown in Fig. 2.

This tilted polarizer provides the separation of light reflected from
the reflective liquid crystal display 11, e.g., LCoS: light reflected from "on"
pixels has 90 degrees of polarization rotation and passes through the wire

25  grid polarizer into the projection lens 15; light reflected from "off" pixels has
the same polarization as incoming light and is disposed of in the direction of
the illumination system 7.

The substrate 14 for the wire grid structure is a plane parallel plate.

A tilted plate in the back working space of a projection lens creates
30 astigmatism, which reduces the image quality on the screen.

In accordance with the invention, to reduce this negative effect, the



3. The optical systemof Claiml wherein T is approximately 0.15
mllimeters. 4. The optical systemof Caim1l wherein the polarization
splitter weotidsisgd at an angl e of approxi mately 45. 5. ThecopsSipms2syst em
of Claim1l wherein the polarization spl%tter is awre grid polarizer. 6.
The optical systemof Caim1l wherein the polarization splitter conprises a
pol ari zation coating. 7. The optical systemof Caim1 wherein the

pol ari zation.splitter comprises.a poal arqzi i.refringence fil 8. The

ot car sy Besr b SRTRGAET BRnE Raf G e R e R farlt B

reflecti veoudw. f5 (inip! Witk kBRI thicktessthe aﬁﬂi% atishyiatgdcatallyai m 1 wherein
the light nodulating panel is a liquid crystal on silicon panel. 10. An

optical systghigilklenpri sing: (a) an illumnation system (b) a |light

nodul ati ng panel;, - (c) a projection_lens for faorping, an i nage of the |ight
nmodul at i ng pana‘a}blgali @w%ﬁl@c@m@h‘mé’éﬁigm%&% lﬂgb‘ﬁﬁhi VRSOYS D in i mager

.space; =andy.: L ( i Lzation
piict 8 1thiskiRle PEARAA addeRtelley pRIELRRAAR N b ER AR el 2l ng
panel and St Weeirh! Warregt, ModehaOptitab@iginésdnghTherDegighiddOdtend, said
pol ari zation splitter conprising a substrate having a_thickness T such that

t he asti grisstemsi And edifden) ipytheHapticalard FdedtraOnticaltkngisgeringl e is | ess

than or equal t . 14, The opti system of, C ai m 10 whegein D i

appr oxi mat _rf%%@e ?‘Er F@Sf@pdﬁarﬁ%&‘]b HIQ&I Segﬁffteéﬁ%%s’ %ﬁr wl'g_sluher ein
T is appr obwey &y 1995pa3d 96798 and, id partib@a®PhhsaDo Stkt @nteht 6F ai m 10
wherein the polarization splitter is tilted at an angle of approximtely
45. 140 Thehwmhtisdatorppsated lfreGh bymefddenberein the polarization splitter is
awre grid polarizer, /15. The optical .systemof Caim 10 wherein the

pol ari zati on sp‘gitYP’é’?l Eanphesenf aprgection lans Sé%%‘t‘fl%ni?e l‘ﬁ\.é\g’f‘ﬁg‘ 8pti cal

syst em of ¢ r.el i i i - I | ari zi ng
o1 vef 11 noaceSrt i D derptably RRGHAEERDR) a8k ok | HARE LS EandhaRt 01 ¢
nmodul at i ngalAR@Ine Fixal A6d h%ﬁ&-é@edthﬁ% Pigslysit@fordh 51008yis dhicrome. opti cal
system of Claim 10 wherein the |ight nodul ating &anel is aliquid crystal
on silicorgrandinglyca 2hEnumhieraormsponds 66 aclenthmof doqusrimhanagamgpaicsi ng a

20. " Aol dR-JAT POR s MACET SRy cRR e P AR RBLbE TR AR ¢ s

than or e%&%ﬁ}e&&rﬂelﬁé, 1%l i JRherspacd WhebBehBd.@6S Z@IgcafAbcﬁDSéé t16d aBbvell @i m

20 wherein the splitter is a wire grid polarizer. .AL A & A & A& A9. A A&l

. A8y/ . A9?. WO Stitthrtestiar pagds 145-148. Because there is no optical power between
{vql gb] X] ca] cal.ca]c a] cal ca) ca] ca] caU] ca] cal.cal ca] ga] cal] ca] ca] ca] ca] ca] ca
] ca] ca] ca] é‘?aﬁbQS]aé‘géﬂWé’]%]% aﬁ“&rﬂeﬁ;bé‘% &éus Jaclue applies

throughout imager space. The data in Table 1 show that the astigmatism

20 created by a tilted plane-parallel plate with a thickness of 0.15 mm is
within this depth of focus, which means that it can be ignored.

It should be noted that a depth of focus of +/-0.025 mm based on pixel
size and projection lens f-number is functionally the same as the depth of
focus which results from considering the resolution of the human eye (1.5

25  arc minutes) as defining acceptable blur. In particular, the required depth
of focus in imager space for a human eye located approximately 2 meters
from a screen upon which a 70X image of a light modulating panel has been
projected is approximately +/-0.035 mm, and thus from Table 1, the
astigmatism of a substrate having a thickness which is less than or equal

30 to, for example, 0.15 millimeters is again within this depth of focus and can

be ignored.



| } xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal #. 7OR] aw+Gr| #TN=2)
| w mhc” YW@ a}/erlga) ca] cal ca] cal ca] ca] ca] ca] ca] ca] ca] ca] capcajusal/carxa) cal ca
] ca] cal ca]ca]cal]ca]ca]ca]calcalcal) r u
v3% (((-)t)) X:***B+++ K, ,, - 2. | /q///ﬁ)zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] c*a] ca] ca] cal] ca]ca
' A00014181y11 @223 . . : : ¢
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- ° (s?hould e noted %Lat in addition to solving the astigmatism

problem, this arrangement is also insensitive to (1) non-flatness of the
plane parallel plate and (2) thermal deformation of the plate. The
insensitivity to thermal deformation is particularly important because the

15 plate will normally be mounted at room temperature, but operating
temperature is about 50-60 degrees C, which creates thermal deformation
of the plate. Because the plate is very thin, it does not significantly deform
the wavefront of light passing thorough it, and thus the projection lens can
"look through" the plate even if it is deformed.

20 Using a wire grid polarizer instead of a PBS also means that a
quarter wave plate for compensation of skew rays’ depolarization is not
needed. This, in turn, excludes the very precise alignment of this
component from the assembly process. It also solves the problem of
contrast non-uniformity associated with changes in the properties of the

25 quarter wave plate with temperature.

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,
instead of a wire grid structure, a polarizing birefringence film can be used

30 on the ultra thin substrate, such as that manufactured by 3M under the
tradename 3M CARTESIAN POLARIZER (see Private Line Report on
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Projection Display, Volume 7, No. 11, July 20, 2001, pages 6-8).

Similarly, the above described ultra thin substrate can be used with
a polarization coating instead of a wire grid structure. This configuration
has the same benefits (i.e., no astigmatism and low sensitivity to non-

5 flatness and deformation), but still requires a quarter wave plate for
compensation of the skew rays’ effect. For this embodiment of the
invention, the angle of the surface of the polarization coating with respect
to the optical axis may differ from 45 degrees to achieve an effective
incidence angle for light impinging on the coating. Tilt angles other than

10 45 degrees can also be used with other polarization separating mechanisms,
such as the wire grid polarizers and polarizing birefringence films discussed
above.

As another variation, free-raster LCD panels which are addressed
directly using light from a CRT can be used in the practice of the invention.

15 Along these same lines, the invention is not intended to be limited to light
modulating panels (valves) now known but is intended to include any and
all panels which may be developed in the future.

A variety of other modifications which do not depart from the scope
and spirit of the invention will be evident to persons of ordinary skill in the

20 art from the disclosure herein. The following claims are intended to cover
the specific embodiments set forth herein as well as such modifications,

variations, and equivalents.

25
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(c) a tilted polarization splitter located between the light

modulating panel and the projection lens, said polarization splitter
comprising a substrate having a thickness T such that the astigmatism
introduced by the substrate at its tilted angle is less than or equal to D.

2. The optical system of Claim 1 wherein D is approximately 0.05
millimeters.

3. The optical system of Claim 1 wherein T is approximately 0.15
millimeters.

4, The optical system of Claim 1 wherein the polarization splitter
is tilted at an angle of approximately 45°.

5. The optical system of Claim 1 wherein the polarization splitter
is a wire grid polarizer.

6. The optical system of Claim 1 wherein the polarization splitter
comprises a polarization coating.

7. The optical system of Claim 1 wherein the polarization splitter
comprises a polarizing birefringence film.

8. The optical system of Claim 1 wherein the light modulating
panel is a reflective liquid crystal display.

9. The optical system of Claim 1 wherein the light modulating
panel is a liquid crystal on silicon panel.

10. An optical system comprising:

(a) an illumination system;

(b)  alight modulating panel;

(©) a projection lens for forming an image of the light modulating

panel, said projection lens having a depth of focus D in imager space; and
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12.  The optical system of Claim 10 wherein T is approximately
0.15 millimeters.

13.  The optical system of Claim 10 wherein the polarization
splitter is tilted at an angle of approximately 45°.

14. The optical system of Claim 10 wherein the polarization
splitter is a wire grid polarizer.

15. The optical system of Claim 10 wherein the polarization
splitter comprises a polarization coating.

16. The optical system of Claim 10 wherein the polarization
splitter comprises a polarizing birefringence film.

17. The optical system of Claim 10 wherein the light modulating
panel is a reflective liquid crystal display.

18.  The optical system of Claim 10 wherein the light modulating
panel is a liquid crystal on silicon panel.

19. The optical system of Claim 10 further comprising a polarizer
between the illumination system and the polarization splitter.

20. A polarization splitter comprising a substrate whose thickness
is less than or equal to 0.15 millimeters.

21.  The polarization splitter of Claim 20 wherein the splitter 1s a

e wire grid polarizer.



