2 2 SEP 2005 WD 02/095487 -1 5 POLARI ZATI ON ARRANGEMENT PCT/ US02/ 15523
CROSS REFERENCE TO RELATED PROVI SI ONAL APPLI CATI ON  Thi s appl i g&tSE@r00s
clainms the benefit under 35 USC 119(e) of U.S. Provisional Application
No. 60/292,178, filed May 18, 2001, the contents of 10 which are
incorporated herein in their entirety. FIELD OF I NVENTION This invention
rel ates to propweatosmiopti cal devices for use with refl ectGTi&Y15881 d
crystal displays, e.g., LCoSs. Mre partigularly, the invention relates
to an arrangenent of polarization conponents designed to 15 work with
reflective liquid crystal displays and maintain an effective separation
of illumnating Iight and reflective |ight. DESCRI PTI ON OF PRI OR ART
Reflective liquid crystal displays (e.g., LCoS displays - Liquid Crystal
on Silicon displays) work with polarized |light in accordance with 20 the
followng: "off' pixels of the display reflect Iight wthout changing its
pol ari zation state and "on" pixels rotate the polarization of the
illumnating |light by 90 degrees. (Alternatively, "on" pixels can |eave
t he pol ari zasi on unchanged aRPOLARIZATHOXARRANMGEMIENTe t he pol ari zati on,
but the "off' equal no change in polarization and "on" equal a change in
polarization is, in 25 practice, the nost comon approach.) A known

opti cal |ayout OROS®REFEREINCHTORPIOAEDD PRGVEIOMAL APPLICATIONee

Myatake, U eaton, 8 220 St St B AR A ST e
5,1994, the conpestisighalMpphiation No. 60/292,178, filed May 18, 2001, the contents of

10  which are incorporated herein in their entirety.

FIELD OF INVENTION
This invention relates to projection optical devices for use with

reflective liquid crystal displays, e.g., LCoSs. More particularly, the
invention relates to an arrangement of polarization components designed to

15 work with reflective liquid crystal displays and maintain an effective
separation of illuminating light and reflective light.
DESCRIPTION OF PRIOR ART

Reflective liquid crystal displays (e.g., LCoS displays — Liquid

Crystal on Silicon displays) work with polarized light in accordance with

20  the following: "off" pixels of the display reflect light without changing its
polarization state and "on" pixels rotate the polarization of the lliuminating
light by 90 degrees. (Alternatively, "on" pixels can leave the polarization
unchanged and "off" pixels can rotate the polarization, but the "off" equal no
change in polarization and "on" equal a change in polarization is, in

25  practice, the most common approach.) A known optical layout of
polarization components is shown in Fig. 1. See Miyatake, U.S. Patent
5,327,270, entitled "Polarizing Beam Splitter Apparatus and Light Valve
Image Projection System" which issued on July 5,1994, the content of which
1s 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



is incorporated herein by reference. 30 In the layout of Fig. 1,
illumnating light 8 passes through an initial polarizer 9 (S PpSEPiEer)
and is reflected fromthe diagonal of a polarization 2 2 SEP 2005 WO

02/ 095487 PCT/ US02/ 15523 -2 beamsplitter 3 (PBS). This light illum nates.
LCoS 11. Light reflected from "off' pixels has the sane pol ari zation as
the incident |ighvzand?is reflected fromthe PBS di agonal FEEER2{ii#ED t he
illumnation system Light reflected from "on" pixels has a polarization
orthogonal to the polarization of 5 incomng light. That light is
transmtting through the PBS diagonal and enters into the projection
lens of the systismn( s@etdri3gRBSL 7This liEhgillubjinates LCofiddl d-ige neBeaserl fromt i n

this layout, il |,,UE1 ﬁg‘(tejorh%s tflegpa:[meég}écﬁ?ﬁzét{g%gasrfﬁe Acghetnt 11% ‘f&x?t?lst}gﬂ&%%@r sed,

with the illuning eam passin rough t I agona t he S and
t he i magi ng beanﬁrasxﬁftheEBBm@agfonmh’hatchentdlthgdhathamm H'YSGeIﬁ’BS'l&htagﬂwadd has a
mul ti-layer str tur,,e

ﬁ" pxxels ﬂalsha p? grsllz nedorhm Ce%elftL e c§axtq ?df’rf c?fat ion and

to transmit P pofar tron. |ca ion
pol ari zation 4s mdrﬁﬁ/bng\lli@hthThﬁdLgiﬁSS ﬂ:rhasmn@tnng dabugif tlteHéBSylsatgeml anﬁhe
initial polarizer 9 in f

pol ari zation to FHFHRER° tilonjtfoJ%CB %nsst gl? ?yﬁ s%g h lenvg 1)1§t The cone
of light from théouldhemotad dat trythm:halybtyt Iiihemaatlﬁg hghﬂb&and equglhgﬂirghﬂ. 8,
which creates a sjgni.ficant ri.zation eftfect for Thi s
geometrical effect ed&%"(‘f?‘?dggp&ﬁ tﬁ‘ ]ﬁummamﬂggﬁ%mﬁjﬁts% g%%?(rof’él?%ed to above
and requires a gliagdeal ofvhe @B aidethb ilbetingdnath reflBrgIramchd diegonef | ecti ve
0 cryetl bl oy, TRl o BP0 DD oE RG22 1o
and the need t o rdfiectd shlafiiaéion\aad o pladk@jt Prpolatizateopl i Thestypicukreflection
factor for P polarization is ~12%, which reduces the contrast of the system,
The initial polarizer 9 in front of the PBS 3 absorbs light with P
polarization to maintain the contrast at the required level.
15 The cone of light from the illuminator typically has an F-number
equal to 2.8, which creates a significant depolarization effect for skew rays.
This geometrical effect is described in the Miyatake patent referred to
above and requires a quarter wave plate 5 between the PBS 3 and the
reflective liquid crystal display 11 (e.g., LCoS) to maintain high contrast.
20 The main drawbacks of this polarization layout are the high cost of
the PBS and the need to use a quarter wave plate, which requires 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) a light modulating panel;
(b)  aprojection 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



preci se angul ar alignnment in order to reduce the skew ray problem_ Al so,
quarter wave plates are very sensitive to tenperature which cr @ak ¥ Hln-
uniformties in contrast across the imager. 25 SUVMARY OF | NVENTI ON To
address the foregoing deficiencies in the art, the inventi on provi des an
optical system (polarization arrangenent) conprising: (a) g

modul ati ng pané¥? 0¥®j*%h projection lens for forming an i mag‘é ’8?0 fRE 1i ght
nodul ating 30 panel, said projection | eng.having a depth of focus D in

i mager space; and (c) atilted polarization splitter |ocated between the
light 2 2 S EP 2005 WO 021095487 PCT/ US02/ 15523 duI atin anel and the
proj ection | ens,medilatingpanel 2ad thaprepriien kns, sayhpy i’%?‘ﬁg‘ma%égﬁ%t rate

having a thi Ckn%& Lsﬁ%@s&b@ﬁtatet}k@uﬁgsﬁ t}gl’:‘]ﬁ{els?ﬂnsub}m}{éldﬁﬁﬁﬁltl@ﬁaﬁim
substrate at its tilte glelslessthan or equal In addition to

the foregoing, dowpdecedds the pebshiate atits alred anglaas ]Ies%ﬂh.%‘ °r53q|*“ﬁ]cf1° e an

i |lum nation system yybdd}tibhe EHelf&%ngQlcﬁfrlr?gals'e%e%ltl'cﬁlt%telﬂﬂvﬂgalsb ocat ed
between the illum nation system andt nodul ati ng panel .

Addi tional fdat un@sdeﬁmﬂam@ﬁtla@ésstw, wﬁb tﬁwl{vﬁ@ PolaTiRiaoR gLtk beNE n  t he .
detailed descri éa‘?éh %mvgm i 19}9{§natﬁ;'ﬁ%y§t!am0§x{éth\éﬂléht%d&%ﬂ{glﬁ’an%ppar ent

to those skiIIe i’n the art from that déscription or recogni zed
practicing 10 the iAdéitiohahfeairefeanskddyadtages ef the leemt@ntaéeb@faﬁhéﬁl st ood

that both the f%gqallaﬂgd gg&:ﬁ%?ﬁ%n @L%?&rfsmwsoenampaﬁhﬁuf&lJegmmpﬁ%rﬁl |l ed

description are nere exe I Avent1 on and are intended to
provi de an over\ﬁpéh@S@lskﬂIanﬂemﬁthf@m thad dessrigtidn ngrewa@zmbnp@cg}m}g

character of,4 hgylaugntibols §§schBed ﬁelgjrpl med. 15 The acconpanying
dr awi ngs, Whl ch are incorporated I n-and
It 1s to be understood that both the foregoing general description and

the following detailed description are merely exemplary of the invention,
and are intended to provide an overview or framework for understanding
the nature and character of the invention as it is claimed.

15 The accompanying drawings, which are incorporated in and
constitute part of the specification, illustrate various aspects 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

20 invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic drawing of a prior art polarization arrangement
which employs a polarization beam splitter and a quarter wave plate.

Fig. 2 is a schematic drawing of a polarization arrangement in

25  accordance with the invention which employs a tilted polarization splitter
having a substrate which does not generate unacceptable levels of
astigmatism.

The reference numbers used in the drawings correspond to the
following:

30 3 PBS

5 quarter wave plate



constitute part of the specification, illustrate various aspects of the

i nvention, and together with the description, serve to explain2th&P 2005
principles of the invention. It is to be understood, of course, that both
the drawi ngs and the description are explanatory only and are not
restrictive of fhe 20 jnvention. BRIEF DESCRIPTION OF THE DRAWMNGS,Fig. 1
Is a schematic drawng of a prior art polarization arrangenent which
enpl oys a pol arization beamsplitter and & quarter wave plate. Fig. 2 is
a schematic drawing of a polarization arrangenent in 25 accordance with

t he invention which enpl |t ol arization splitter having a
substrate which doesqnot qgg?%%%%‘ sglgtaeglcept able levels of astigmatism
The reference nunber$ usdikhitfirorhidlugriagiiiargsystesr r espond to the follow ng:
30 3 PBS 5 quarter nge pIO?grfzerZ 2 SEP 2005 WD 02/095487 PCT/ US02/ 15523 7
i I'lum nation system8 | ignn romillumnation system 9 polarizer 11

| i ght nodul ati ng panél 5 light poidaldtiagthaonl splitter (e.g., wire grid

OB 7E0) PO gL St el RN 1

14 polarization splitter substrate

15 projection lens

17 light to projection lens
DETAILED DESCRIPTION OF THE INVENTION

10 A schematic of the inventive layout is shown in Fig. 2. The
polarization beam splitter of Figure 1 is replaced with, for example, a wire
grid polarizer 13. See, for example, WO 01/09677 entitled "Image
Projection System with a Polarizing Beam Splitter" which was published on
February 8, 2001 and Perkins et al., U.S. Patent No. 6,122,103 entitled

15 "Broadband Wire Grid Polarizer for Visible Spectrum" which issued on
September 19, 2000, the content of each of which is incorporated herein by
reference. The polarization properties of a wire grid polarizer are similar to
the properties of a PBS diagonal: it transmits P polarization and reflects S.
Light from the illumination 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



10 A schematic of the inventive layout is shown in Fig. 2. The

pol ari zati on beamsplitter of Figure 1 is replaced with, for exz;n%ﬁg? 1005
wire grid polarizer 13. See, for exanple, WD 01/09677 entitled "I mge
Projection Systemw th a Polarizing Beam Splitter” which was published on
February 8, 2001 and Perkins et al., U S Patent No. 6,122,103 entitled
15 "Broadband W?&®%%¥H Pol ari zer for Visible Spectrunt whif EHUFETEY on
Sept enmber 19, 2000, the content of each ofs-which is incorporated herein
by reference. The polarization properties of a wire grid polarizer are

simlar to the properties of a PBS diagonal: . it transmts P polarization
and reflects S. tHIGgRts §ERaSYRTE 2l E&ﬁﬁerf%tr?@% P&} IS egvg&s?ﬁﬁg%g'h an
initial polarizemoft 895 eSnpoWathi they thickndssi b laetigmafismns phetivdliye gri d

pol arizer 13 tilted 45 degrees as shown in Fig. 2. This tilted polarizer
provides the seg¥BHBPHn of light reflected from the reflective |iquid
grySt al d}Spl i’iy 11, @aHle.1 dH6RSthd ﬁﬁgﬁnﬂ’cﬂ’fahﬁgﬁnﬁﬁsﬁlﬁﬁ@%ﬁ@m& vapbel s hgs 90
egrees of polarization rotatjon an asses throu the wir 5 gri
pol arizer intd thEkppspe il q4éﬁ1§g1f85 H??’&ﬁffarf“{%ﬂ Ig%"teéﬁo?li’%ﬁ?g"’g?]fags'pi xel s
has the same pddarSaahi Whrass J./MMedrADIticghEngiRderisy: ATIsPDe& N 6f Optical he
direction of the illumnation system 7. The substrate]a%4 for. the wire
grid structure i¥Sms zAd efiion) eg?pé’ccél. andpPleptre-LptigplLbngingening pack
wor ki ng space 0fSegicR) RY1ReE E OFisdRASn8 VRt &5J F Ak degidBbdiSsns, MG edw-HRuces
the image quality on the screen. |In accordance with the inventi on, to
reduce this negat§% &8s L8y pagpa6-99pang, m parsisplar Rage Py Hpspgtent o

PCT/ USC2/ 15583 wlﬁcﬁmiﬁ&ﬂﬁ§§at&fhérbﬁl BRelEsdee (plane parallel plate) is
made very small (e.g., about 0.15 nm. Wth this thickness the
astigmatismis pract Ac’tapqcyl f-number of a projection lens designed to be used with a

LCoS is 2.8. An acceptable (not noticeable) blur at the imager is generally
about one pixel and a representative pixel size for a LCoS is 9 microns.
Accordingly, a 2.8 f-number corresponds to a depth of focus in imager space

15 of +/-0.025 mm, where imager space is the space between the L.CoS and the
projection lens, i.e., it is the space where the LCoS is located. See the above
W. Smith text at pages 145-148. Because there is no optical power between
the LCoS and the projection lens, this depth of focus value 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.



negligible. Table 1 shows the amount of astigmati sminduced by vaEi ous 5
t hi cknesses of tilted (45 degrees) plane-parallel plates corrpose?d ofP 2005
glass. See Smith, Warren J., Mdern Optical Engineering: The Design of
Optical Systens, 2nd edition, in the Optical and El ectro-Opti cal

Engi neering Series, Robert E. Fischer and Warren J. Smith, series
editors, MG awWli'PP95487New York, 1990, page 96-99, and, in parttEotar,
page 99, the content of 10 which is incorpgrated herein by reference. A
typi cal f-nunber of a projection lens designed to be used with a LCoS is
2.8. An acceptable (not noticeable) blur at the imger is%%%ner ally

about one pixel and A1EECBLEHY A AFEPTBRRGEIVIEY L8 IPRFIUPTy B5YYS 9 i cr ons.

Accordingly, a 2pfafiz&tH§Nit@e(d &SP ¥hdSyridpRadaR B weéd bawesnian | mager
space 15 of +/-0,025 nm where inager space is t‘a}e@space bet ween the LCoS
and the proj ectild@ipatien system angd @ pixelizpd Pajel vdIGHHOMPTIRS 2 SEBYr3te
located. See thendhRYE thiknedishéh 110X thAhstRAOREml thorold&d IegRusBstrdtere i s

no optical power between the LCoS and the projection |ens, tth g)epth of
focus val ue appl peiés iHrdapee@ & Angegreesaciess thaa ogsauplitn theadnih o KRG

that the asti gmafy ${geR 4k SRURDrB¥ctorl lehd BEIRL dGpd B ikdlze@bahg W th a
thickness of 0.15 mmis wthin'this depth of focus, which neans that it
can be ignored. 9ttogfperample. nerest -t hat a depth of focus of +/-0.025 mm

based on pixel size and il 664 pRRebendlel pAWHGE cASLd UaGtdqnal |y the
sane as the depth of focus which results ?rom considering the resolution

of the human eyesybBtBtoef pyviremriduotsizenin arepidaneryvih depimyeneopisur. | n

particular, the pf'eqlph;neéo eRf1ks <gfsh£p§a§mm, EdageY 5Bage).for a human eye
| ocat ed approxinmately 2 neters roma screen upon which a 70X i nage of a

light nodul ating panétsimdd beapted phatjineddidiopdo agpmexheastegpatiymo. 035 mm
and thus from Tabl.g ol tBﬂ%xra@%Eh:QHPits'a?s%‘iﬂgené‘itﬁz‘ét%ﬂf)%toﬁ-ﬂ'é@{és@%ff?het hi ckness

which is |l ess than or equa
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



30 to, for exanple, 0.15 mllineters is again within this depth_ of fOﬁLgS
and can be ignored. 2 2 SEP 2005 WD 02/ 095487 PCT/ US02/ 15523 MbEeEP 10
generally, in accordance with the invention, a tilted polarization

splitter (e.g., a wire grid polarizer) is used between an illum nation
system and a pi xelized panel which conprises a substrate Qg¥iugg a

t hi ckness such PRAFYBHE astigmati smintroduced by the substFratd™8 3t its
tilted angle (e.g., 45 degrees) is less than or equal to the depth of
focus in imger space of the projection | ens used to i mage the pixelized

panel onto, for_exanple,. S en. a 0 | ane; paral l el plate
that can be usedPHEeclnﬁﬁ%lz%ﬁﬁ%ﬁ%Oi‘frBe 8?1(}3% {jgfyapr EO@OE%‘?‘Q‘Z% i n accordance
with the invention i Simllerlfreiabovelipéeribed daa thid sibetraGcdarite dsed with

catal og# 12548C). It should be noted that.in .gddition . sal ving..the
astigmatism pr O%P@ﬁflz?%?%coéflflﬁhﬁ%ﬁ%?ﬂi ‘§1r%15§1§ Sprﬁgtéﬂg‘i &g{fecof%g‘tr%mn
non-fl atness of hiethephaR®epehtali. &l nddstigtadineh 4:2) lowhehsiavitgied aswat i on of

the plate. The jnsensitjvity to therna,brédef.ornati on is paEti ularly
i mpor t ant bec?aluséatt“ﬁx%‘s gl dpformationy, |buh sRilEIRITas & FELISE SR VaP 38 &

tenperature, but.RpRh84HENS the RSV AlydT@fettS BRAHLs bo@naepieies C, which
creates thermal deformatjon _of the plate. Because.the plate is ver

> y
thin, it does notVergHh theamale ¢ herariare titike RRIFBE? B o8t P Mg "PREET ng
thorough it, andiddnusplife aRiGhBLURNIbRANS defees'th et M Pe@RtivE he pl ate
even if it is defornmed. 20 Usmg awre grid polarizer instead of a PBS
al so neans that ®odqucrinsle Ralehpimriasirgrn cBhiRatet iTohh 28le8 REF FaRfs'
depol ari zati o0 i85 8&reesNBAURY be TRe& wilhbthél fblar®6tiod d8Farabifg HeicHa k6] Se
alignment of this _conponent fromthe assenbly process. It _al so solves
t he probl em of 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



contrast non-uniformty associated with changes in the properties of the

25 quarter wave plate with tenperature.
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A variety of other nodifications which do not depart fromthe SCOf?SE?&ﬂm
gpirit of the invention will be evident to persons of ordinary sktFl

the 20 art fromthe disclosure herein. The follow ng clains are intended
to cover the specific enbodinents set forth herein as well as such

nodi fications, variations, and equivalents. 25 2 2 SEP 2005 WD 02/ 095487
PCT/ USQ2/ 15523 -8 TABLE 1 Thi ckness () 1. 00. 750. 50. 250. 15 Asti gmati sm
(rmm) -0.269-0.202-0.135-0.067-0.04 22 SEP 2005 -9 What is claimed is: 1 An
optical systemconprising: (a) a |light9nodul ati ng panel conprising a
plurality of pixels, said pixels having a pixel size which defines an
acceptable blur at the panel; (b) a projection lens for formng an i mage
of the Iight nodul ating panel, said projection |lens and said acceptable
blur defining. a depth of focus Din inmager space; and (c) a tilted

pol ari zat i ORAdhtIpNiedrs:| ocat ed between the |ight nodul ating panel and the
projection |lens; wherein the overall structure of said polarization
splitter is suitable for nounting the splitter in the optical system and
wher ei n tHe splAn ¢pcalsystomi ®epraingubstrate having a thickness T such

that the astignptism ot o e Mt GonBlididd 8 pMRR BPENLRYsBh Jikds
having a pixel size which defines an acceptable blur at the panel;

(b) a projection lens for forming an image of the light modulating panel, said
projection lens and said acceptable blur defining a depth of focus D in imager space;
and

(c) a tilted polarization splitter located between the light modulating panel
and the projection lens;

wherein the overall structure of said polarization splitter is suitable for mounting
the splitter in the optical system and wherein the splitter comprises a substrate having a
thickness T such that the astigimatism introduced by the splitter when mounted at its

tilted angle using said overall structure 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°.

S. 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.



tilted angle using said overall structure is less than or equal to D. 2.
The optical systemof Caim1l wherein Dis approxinmately 0.05 9 7 SEP 2005
mllimeters. 3. The optical systemof Claim1 wherein T is approximtely
0.15 mllinmeters. 4. The optical systemof Caim1l wherein the

pol arization splitter is tilted at an angle of approximately 45. 5. The
optical systemof Claim1l wherein the polarization splitter is a wire
grid polarizer. 6. The optical systemof Claiml wherein the

pol ari zation splitter conprises a pollérization coating. 2 2 SEP 2005 -10
7. The optical systemof Caiml wherein the polarization splitter
conprises a polarizing birefringence film 8. The optical system of
Claim |l wherein the |ight nodul ating panel is a reflective liquid
crystal display. 9. The optical systemof Caim1 wherein the |ight

nodul at i ng- panibe ogtical |sygfemaol elapat hvbersis e BolATEAIea| sPlitter CORPBYSE i2cal

syst em CopphlisihABirefringdnc@Filinl | UM nation system (b) a light nodul ating
panel conggﬁsing a plorality of pixels, said pixels having a pixel size
whi ch defines an acceptable blur at the panel; (c) a projection |ens for
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a tilted paghidrch%ed deplagpl itter |ocated between the illum nation system
and the light nodul ati ng panel and between the |ight nodul ati ng panel
and the projection |ens;

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

crystal on silicon panel.

10.  An optical system comprising:

(@) an illumination system;

(b) a light modulating panel comprising a plurality of pixels, said pixels
having a pixel size which defines an acceptable blur at the panel,;

(c) a projection lens for forming an image of the light modulating panel, said
projection lens and said acceptable blur defining a depth of focus D in imager space;
and

(d) a tilted polarization splitter located between the illumination system and
the light modulating panel and between the light modulating panel and the projection
lens;

wherein the overall structure of said polarization splitter is suitable for mounting
the splitter in the optical system and wherein the splitter comprises a substrate having a
thickness T such that the astigmatism introduced by the splitter when mounted at its

tilted angle using said overall structure is less than or equal to D.
11.  The optical system of Claim 10 wherein D is approximately 0.05 millimeters.

12.  The optical system of Claim 10 wherein T is approximately 0.15 millimeters.



wherein the overall structure of said polarization splitter is suitable
for mounting the splitter in the optical system and wherein the?gpEPt 208y
conprises a substrate having a thickness T such that the astigmatism

i ntroduced by the splitter when nmounted at its tilted angle using said
overall structure is less than or equal to D. 11. The optical system of
Claim10 wherein Dis approximately 0.05 mllineters. 12. The optical
systemof Claim 10 wherein T is approximately 0.15 mllineters. 22 SEP
2005 13. The optical systemof O aim-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 wre grid polarizer. 15.
The opticad. sy$henptidal € atrmol Clwhei @iwheichetheqloddrizatadn epliteplid tiltal at an
conprises a, gflarhggttpn goating. 16. The optical systemof Caim10
wher ei n t ABIHBY 2INPLIREY Shtitter conprises a polarizing birefringence
film 17. The optical systemof Caim 10 wherein the |ight nodul ating
panel is a reflective liquid crystal display. 18. The optical system of
Cl ai m 10 Wwher eilhe ppiecal sydtem b diidian | hyhpmetheimlaizhiigupmitter fsys tale gyrd

silicon pary .. 19. The optical systemof Caim10 further conprising a
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pol ari zer"between the illum nation system and the polarization splitter.
20. A polarization splitter conprising a substrate whose thickness is

| ess than_or equal.%g 0.15 mllinmeters, wherein the overall structure of
sai d splitter i8¢ opticdsyEer Clbudli wherenghs prfarizaiion spIisT PP Syst em
and, whenpamupdiRd cBhtifkp degrees in air using said overall structure and
transmtting divergent light, the splitter generates |less than 0.05
mllimeters of astigmatism 21. The polarization splitter of Caim 20

wher ein tfllg Splﬂlé t0 {icail Ssyael\ﬁli I {nll Op\gi]eall‘giinztﬁg' olarization splitter comprises a
p p p

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 !9 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, wherein the overall structure of said splitter is suitable for
mounting the splitter in an optical system and, when mounted at 45 degrees in air using
said overall structure and transmitting divergent light, the splitter generates less than

0.05 millimeters of astigmatism.

21.  The polarization splitter of Claim 20 wherein the splitter is a wire grid polarizer.





