WD 03/ 036163 PCT/ US02/ 32448 -1 5 |LLUM NATI ON PCLARI ZATI ON CONVERSI ON
SYSTEM FIELD OF THE I NVENTION This invention relates to illum nation
systens fwpoasssies th pol arization converting pixelized paoglesozsmidsin
particular, to illumnation 10 systens which enploy polarization

conver si on. BACKGROUND OF THE | NVENTI ON As known in the art, projection
systens enpl oyi ng pol arization converting pixelized panels (e.g.,

transm ssive or reflective pixelized panels that use |liquid crystal
technol ogy such as LCoS (Liquid Crystal on Silicon) 15 reflective panels),
require input light that is polarized. However, the light sources normally
used in projection systens produce randomly polarized |ight. One approach
to dealing with this fact is to filter the light fromthe 1|ight source so
that it has a single polarization. Such filtering, however, wastes 50% of
t he output of the light source. 20 Another approach for dealing with the
probl egn of randeMUPHANATEIN PO LARIZATIENRICONVERSIONSYSTeM ced by the
source into two beans having different polarizations (e.g., a P-polarized
beam and a S-pol arized bean) and then to convert the polarization of one

of the begﬁs[‘lno ﬁ%ﬁ%@@he other beam (e.g., to convert the
S-pol ari z Cart ation). This is preferable to the filtering
approach sinceqpig 1'1'%v'eh't1%ﬁsre1£%%§%o<2ﬁuﬁﬁﬁaﬁb&§ eygte%s fdreudd Whth source. The

present invention IS concern such ari zation conversion and, in
parti cul apolamzahohh&)nyamﬂg$ﬁxé11zedthrm¢®and; napartintudgr,aioi illmnohagiohar i zat i on
conversion into an overall optical. systemfor producing a high quality
opticH i ﬁﬁ’ﬁéméﬁ’v}amgr%}l i FHaggpBan conesothpl es of pol ari zati on

conversi o } 3 h&el osed in the patent literature
i nclude t ARG ﬁ?@%@@%@/ 036163 PCT/ US02/ 32448 -2
4,913,529, 5, 88419%%n anthd a3 Prdfeétion Besteal Larmployiag tpodandzafiomhi ch are

converting pixelized panels (e.g., transmissive or reflective pixelized panels

that use liquid crystal technology such as LCoS (Liquid Crystal on Silicon)

15 reflective panels), require input light that is polarized. However, the light
sources normally used in projection systems produce randomly polarized
light. One approach to dealing with this fact is to filter the light from the
light source so that it has a single polarization. Such filtering, however,
wastes 50% of the output of the light source.

20 Another approach for dealing with the problem of random
polarization is to separate the light produced by the source into two beams
having different polarizations (e.g., a P-polarized beam and a S-polarized
beam) and then to convert the polarization of one of the beams to match
that of the other beam (e.g., to convert the S-polarized beam to

25  P-polarization). This is preferable to the filtering approach since it utilizes
more of the output of the light source. The present invention is concerned
with such polarization conversion and, in particular, with the successful
and economical integration of polarization conversion into an overall optical
system for producing a high quality optical image on a projection screen.

30 Examples of polarization conversion systems which have been

disclosed in the patent literature include those of U.S. Patents Nos.



i ncorporated herein by reference. SUMVARY OF THE | NVENTI ON Fi gure 1 shows
the general structure of an optical systemconstructed 5 in accordance

wi th t he woasesi63 nventi on. As shown therein, the overal | PCyaeh2/af448 he
systemis to take light fromlanp 10, goodul ate the |ight by one or nore

pi xel i zed panels 12 (e.g., three panels for red, green, and blue light,
respectively), and then display the nodulated |Iight on a screen 14. Between

the |anp apgstshg Qiség'dezleqngaa@hé%@ ThérdlbPRN: pOUREAIOF LA dgomogen zer )

16 and bet'ween the pi kel ized panel and the screen is a projection |ens

18. The linghiporateddicrbin bganfdrencd. t he tapered tunnel type shown in Figure
5 and the effici en%‘ of the conbi nzfi on of such a tunnel wth lanp 10 can
be opti i SEMMAFY Ot T procedures discussed in Sinon
Magarill, "Firgsit r 8&1'? i t ) tical
Syst ens Desi gnﬁgﬁg g;s;hf’ g{s?%‘t i%e\r%l%,gl %éorgle v %gggbﬁ %%%%er}j\ggﬁétr&g? Hggl ,

edi tops, jRrfeorddicE wivRlthe $8SentPiRvehtiof4 AsStiverroRereiz Ofh2 ovdrallnpor t ant
aspect of the optical systens of the present invention is pupil nmanagenment

so as to geliofvke systemnistogediedigtt firemi lamy hg, moogklatettbadightdisi @@ t hr ough
th t whi |l e, st.i | ti the 2 i t he,. i
Conponent® B0re Riselized BARCII DL B CHres Bane ol T Erer oy B R o i zed
panel s ( &edpecthfely, Bﬁﬁeﬂéﬁ% (ﬂ_@ﬁ'l%ﬁi?‘ﬂﬂeyxlno&ﬁfaftgd V\mﬁh@ﬁhﬁ({ sifeen used with

il lum nati oﬁesyst ens and projection | enses iC ave telecentric or near
t el ecent rBetvpaemi {he. laAsp anddhberirelized praaal(s) iehdighttintegrateans a pupi |

di stance fromthe pixelized panel (s) .of at. |ea 25 qne neter. In

acc ori®anc&omagenizee) m\?@éﬁi’e&%eeﬂﬁﬁ?)%?‘%]%ﬁdr%@%@ﬁnq @h%?qrﬁ‘ﬁn 152 achi eved
even tho . | € fi. 0l r

pol ari zat oﬁéég%rrll\s;%’?% Eei? ' r?%%@g%“é?‘Sﬂe,gp%%"?%F‘%éﬁ‘%ft@-%p%?gﬁfgg&@ﬁ?ém ch is
conver t edsHEwiPi® Bl duiivie 3 AnH ith Be¥fi eiad ey 0Nt oéoan bizatticene ftarshes teanéli ght (e. g.,

30 originally P-polarized |ight which remains P-polarized | idght). Jhe
i nvent i onwiib 0311036 ta8 heoptusizedsovagordance with the procedures discusse

in Simon Magarill, "First Order Property of Illumination System," Novel
15 Optical Systems Design and Optimization V, Jose M. Sasian and R. John
Koshel, editors, Proc. SPIE, Vol. 4768, pp. 57-64, September, 2002.

An important aspect of the optical systems of the present invention is

pupil management so as to achieve the twin goals of maximizing light
transmission through the system while still accommodating the
20 requirements of the various components of the system. In particular,
polarization converting pixelized panels (e.g., LCoS panels) generally
| perform better when used with illumination systems and projection lenses
which have telecentric or near telecentric pupils. As used herein, "near
telecentric" means a pupil distance from the pixelized panel(s) of at least
25 one meter.

In accordance with the invention, this preferred pupil location is
achieved even though the system has optical paths of different lengths for
polarization-converted light (e.g., originally S-polarized light which is
converted to P-polarized light) and non-polarization-converted light (e.g.,

30 originally P-polarized light which remains P-polarized light). The invention



achieves this result through the construction and operation of polarization
converting relay 13 of Figure 1. As shown in Figure 2, relay and

pol ari zatwon3psdeer si on system 13 includes: (1) a first PemasSan32448 whi ch
as shown in Figure 2 conprises two 5 lsens elenents L1 and L2 which together
have a principal plane PPl; (2) a polarization separator, which as shown
is agrid polarizer (G); (3) a folding mrror (FM; (4) a polarization

conver t ery. kjeg ra%%lgé f(%lﬂ%‘ﬂggggﬁgﬂﬁ%%nétrulaﬁbﬁ‘ém & &bﬁbﬁhdf'iﬁﬁﬁﬁizéﬁ@n a hard

stop aperture; ens unit, which as shown conprises a

si ngl e | epavetttne nélay3l hofFigase d. pri nci pal 10 pl ane PP2. The first and
second lens unjts together function aa a.relay in that. they i e |ight
fromthe exit 4nheheviipdhsurn?ctalay gndmplaneatign cepyersipn ﬁ%%%@(”i? 12. Thus,

as a resyl t]t\,ﬁ{]:gs; {]liéefi%i&aﬁs uhp;? wiRikh a?%%o%fn i drgri’.tcorﬁgﬁg&r aker and the

surface of° I'zed panel ’are opti cal conjugates. 15 However, because

the rgl ayesyslane PR PaRd INWvhi¢l addedhe have ardicipilhelane@P Ta(2) pat h
| engt hs for polarization-converted (PC) |ight and for non- pol ai‘i zation

conver t egolatipgionisgharatps whicht afeshoye i & gyid pelarrb W H)n(3) pifgliBg2, the
optical path | h for PC.light is |qgnger,than the optical th length for
N-PC | gHP)r.ro’égﬁ%é’ @%Wlﬁwaﬁﬂflswa?’?lf 8?@’?4@5: j 3 %}b({‘y%g?mﬁ)ﬁsﬁgféengt hs and
still achigy: QB HIRID); (%) Ahhed sty WREind®) @decof@terdf uhlte i ght

i nt egr at gﬁgﬁfﬂehﬁg piagelli%ig@ panel (s)pf)a%)ég‘et first hﬁ%)ens unit is located so
that its whith 4odadwplcamprisss assibglealenisallément L8emdehias aqnrinapal he |i ght
integrator. In this way, the relay systemis afocal and thus can
accorfoddtlanedd 4 f ference in path lengths 25 for PC and N-PC |ight. Looked

at anot her wa ' SU{a] LRt Ipdi,atg thapge of the
exit end of t)rf%h‘% :ﬁgﬁ{éuﬁ% %éé)?lgtlg!rdgal{ml n %%ﬂ?%%?\l tlb?ﬁ%s any§ollef ocus effect
caused bythelantidef kelenfropatie éxivghioiMpdhdataythtor Whemtd pixelieednd | ens unit

chr:l'i'? E;otz /hlgaglmgéﬁ rlgzd'i‘l?&s% aisne?lge%u?tn ;[)P t};[egg u%ii%(s? ltliaezz %git e%?inc?fl t(hse) l'igl\l/i\so 037036163
integrator and the surface of the pixelized panel are optical conjugates.

15 However, because the relay system performs polarization conversion, the
optical path lengths for polarization-converted (PC) light and for non-
polarization converted (N-PC) light are not the same (e.g., as shown in
Figure 2, the optical path length for PC light is longer than the optical path
length for N-PC light).

20 To allow for this difference in optical path lengths and still achieve a
conjugate relationship between the exit end of the light integrator and the
pixelized panel(s), the first lens unit is located so that its back focal plane is
substantially at the exit end of the light integrator. In this way, the relay
system is afocal and thus can accommodate the difference in path lengths

25 for PC and N-PC light. Looked at another way, the first lens unit produces
an intermediate image of the exit end of the light integrator at infinity and
thus any defocus effect caused by the different path lengths washes out

when the second lens unit images the intermediate image onto the pixelized

panel(s).



Turning to the polarization conversion function of the relay, as shown in
Figure 2, this function is perforned by a pol arization separator, a

f ol di ng nworosm3elend a pol ari zation converter. The fol di ngPairrusoz/32msl

pol arization converter are of standard,5 construction. Non-limting
exanples of suitable folding mrrors 1nhclude right-angle prisns,
pentaprisns, and Dove prisnms. Non-limting exanples of suitable

pol ar zat i 0N CPRMEILALS b KA oNGSidhl RirkioRNut thel:athy, el ar i zat i on

rotators. The polarization separator 1s preferably a grid polarizer of the

type 10 siniven by IVEMEEK thiis Gusotjonl dsaperfumded by laep PRGERtIENtsepdeatar ka
Conpared to_a cube-type polarization beamsplitter, which can al so be used
but is | deldingspiapr.ainda golarition FORYEIEs a nunber of benefits incl uding:

R e

i.e., a grid 4 I e ew rays which are al ways
presery %ﬂs@fu@ibrﬁXNSHQQQitm% e£LmPI&dof duicsBlb ifoldieg mitt@Rancludear i zat i on
c

purity on both channels which makes conversion efficiency and throughput
hi gher asrigbt{anglsprismsopéntpprtsms,cand Dare prismes. Nootlimitinggapmimes t o

cube-type pol.ari.zation beamsplitters. a r.id _polarizer t he

pol ari zat‘?%}ug%tﬂﬁrpﬁh"i‘rd?ﬁtf%8?1?%?t%r§rfncg1cgegh‘gl&“f?evl%fq}ﬁﬁ%sda% PISH exanpl e,

Foster prjSapiQkicx ehtope! ari zation 20 splitter prisms using birefringent
A2 !

crystals. shown 1 n Figure 2, polarization conversion results in an
overal |  asym®heipoldissctent semdptapts meferapdy ergrid pokirszeroéshe tgpé n

di ff t il it f h |1 i N-PC | i ght d ch |
2 11 gt sl BB OF Pvem i vder dhe TAO FLEGr bracemit | ampy 1§ oot
i ntegrato i i.0 i i-cal: i pfik.ni 4 i st it
st np e A AE olRliFRGN Kkl iR WA caiCalsb bBuce R U1
di stance hht {9 ey QRdirablena\weid pohetaudtst haupticrrof bahefits faadiaigor

separates the light fromthe lanp/light integrator conbination into two
parts andhigheawyeralheffimencyaloyer aendibivityttiodhe angde phinadence, éef.ferent, two

R T MR T e R IRE U
15 for an extended source even if collimated; higher polarization purity on both
channels which makes conversion efficiency and throughput higher as well
as improving contrast; and lower cost. In addition to cube-type polarization
beam splitters and grid polarizers, the polarization separation function can
also be performed by, for example, Foster prisms or other polarization
20 splitter prisms using birefringent crystals.

As shown in Figure 2, polarization conversion results in an overall
asymmetric (decentered) optical system. It also results in different pupil
positions for channel 1 light (the N-PC light) and channel 2 light (the PC
light). In particular, the exit pupil of the lamp/light integrator combination

25  is typically at infinity and the first lens unit images that pupil in its front
(pixelized panel side) focal plane at a distance f1 from PP1. However,
because the polarization separator separates the light from the lamp/light
integrator combination into two parts and because the optical paths for

those two parts are different, two pupils at different locations result, as

30 shown by dotted lines in Figure 2.



-5 To address this problem the polarization converting relay of the

i nvention does two things: first, it introduces a hard stop aperture into
the systwmosasdexecond it | ocates the second | ens unit ofPCrrESoyy=iem so
that the hard stop aperture is substantially in the back (towards the
source) focal 5 plane of that unit. Inthis way, the relay systemredefines
the telecentricity of the overall systemas seen fromthe pixelized

panel (s). It ”lFHSadH_%éQA Mﬁ§praﬂél@nﬂrtaelp%mﬁiat%%&wetrﬁhww bty caused by

the two pupil locations. In olng soO, It 1nproves the contrast of the

system byixmecmt Wicnh'ddxgstﬂv?)_ iﬂiingé;l:i)ﬁest, iiﬁh:tt&dx_lm)e;@ﬂam sijopﬁ]pem:u_med?o \ﬂée h a ;
proper aperture definition. shown_in Fi gur , e fir and secon
channel s SfsdeRy é‘#‘élr%P?é 1@@6@&5 PeFP Ql}?eu’élﬁtq?éﬁ? SEXGean g9 %]Elw'eaéeecond

| ens unit e 1 € - I Dis

pr ef er abl }ﬁg%(%?g)tpe#%u%%%ﬁa%%fﬁy %‘??%?bg? Ei(ﬁ)g& 5ﬁr:gtlrs ?h gtsg{gk%g\g(?{a&r e by the
rel at ipnshlame ¢F that it  Id this wdy, whereld2systeihedefiaas thevgbbemiriditye second

lens unit. A typical value for the f/# of the hard stop aperture is -2.8.
| n addi t i @ftheooverah; sygtem tas|seendremdhemigelizast parel(s)t & shentedodvesrage) of

the hard sto erture (i.e.. a tel.ecentri,g or, near tel.ecentric pupil), as

di scussed' ,elphgtggggﬂgeyeg%trb%ﬁ{ Cadlfssegcl?yn&beeg‘w Rgpflﬁlf)(é? ‘at't i mage of

20 the exjitingng f irhpivesitnt @0hALAE ofEhOB¥Re R Hebi@aGiMANR! fikblized Li ght

engines wused with pixelized panels often include a variety of optical

conponent sanéks)and PRJectiteknsi withl opeoperapenture definitienpi xel i zed panel (s)
res 3.and isSis

(see,_for exanple, reference nu r 20 in Fig H.. T
especttl 1y so ggrs(flol“’éﬂ tgufe Qpitgg%ir%anﬂéﬁ%q cranels gre referab¥uni nat i on

i ght and i | ght _ are - i can
al so be t(}%%%gk f%%ﬁé%ﬂsés%gcaq&%ﬁgPﬁﬂb%&ggg\}léggﬁgge%gﬁee@%g%én %’ t hese
conponent Be., byen ditanck 1I¥NsMonédverpDeifsarrefdrgblysreaiedado the fnumber, it
preferably has a relatively long_ focal |length. so that the inage of the
exit end é#)tqféhpihywd Sten apeuuse byghegelateenshipong 30 di stance fromthe
second lens unit. Mre pbegif@a,;@#)t he second | ens unit

15 where f2 is the focal length of the second lens unit. A typical value for the
f/# of the hard stop aperture is ~2.8.

In addition to forming a telecentric image (or near telecentric image)
of the hard stop aperture (i.e., a telecentric or near telecentric pupil), as
discussed above, the second lens unit also images the intermediate image of

20 the exit end of light integrator 16 onto pixelized panel(s) 12. Light engines
used with pixelized panels often include a variety of optical components
(e.g., PBS cubes) in close proximity to the pixelized panel(s) (see, for
example, reference number 20 in Figures 3 and 4). This is especially so for
reflective pixelized panels where both the illumination light and the image

25 light are on the same side of the panel, but can also be true of transmissive
panels.

To provide adequate space for these components, the second lens unit
preferably is a weak unit, i.e., it preferably has a relatively long focal length
so that the image of the exit end of the light integrator is located a long

30 distance from the second lens unit. More precisely, the second lens unit

(and thus the polarization converting relay as a whole) needs to have a long



(and thus the polarization converting relay as a whole) needs to have a

| ong WO 03/ 036163 PCT/ US02/ 32448 -6 front (i.e., in the direction of the
panel (s) )wbmsabéibengt h (FFL) to provide adequate space beCwasn2/siies | i ght
exiting end of the second Iens unit angl the surface of the pixelized
panel (s). In particular, it is inportant to avoid the use of field |Ienses
in the vicinity of the pixelized panel(s) as done in U S. 5 Patent No.

6, 139, 15708t (%L, S HAREES bﬂereeﬁﬁﬁelré)yf&emlegthtmm tb'riﬁovi%hés'f em and

consunme val uabl e’ space next to the pane an exanp suitable f2 and
FFL val uesdeqRitesphos betwedn thfehgh’sexmmg (Flfclof thasercond lrmaumﬂ andret ers for
t he prescrrptr n of . Tabl e erall erm; of t | ength "L" of
the di agoil a@eh%f %}%@@ﬁé@%@ﬁ%‘r@s;}wﬁ% %WW@?EE% ?ﬂﬁmgyst em f2

Is prefer é{se% ﬁ&ﬁrlehgg!{'upf y‘dﬁht;‘r 8f Ae %an%gd%ﬁfaf(%)a% )ongé f2LLE than or

equal to 3L, rmst era greater or “equa Simlarly,

the FFL rBawrﬁbea@I139glr5Hatsﬁrcetslaah lensedqualeasedhdleonpleeitpoéiler abl y greater
than or equal to 3L, and nost preferably greater than or equal to 4L. For
refer encesysrtemoamﬂﬁenwmervai@%bleéﬁepe Bext® theppanel. j s 21.15 nmillimeters. To

the t f f ht.. f th
(5o 15 raci e HhaBblg ¢S SRA RPN s fed BEiOIITRLARIMARRE - | B¢,
in the fohh@WHIYik ANOR 101 Millimétéirs E'oﬁhezpl%scﬁﬁtﬂﬁ'o?’lfa%@@'l ot h ratio has
been found to mnimze the truncation of near and far fields for xenon arc

| anps andgerltmallwaxm texzes bf ghﬂlemgtbdbhpﬁthe firagonahef tlmmxehzedreapel(e) i zed

panel ) S, tios . outside of this ran

sui ta usk Pr%e%rp@%ggseﬂ in, £ ds Pr?fgféblgr%eﬁ?ﬁrt B eéi‘%?&m | ens

el ement s tnp&f ENSdHdst 1$ REaerSi Nl e

| ens el errré%?e k’%eﬁ@ghhﬁgrre\g@%ﬂ ﬂrae éi&dﬁc%gnést ?hﬁétfﬂé’tﬁ or taf? §rrggl %y 1nsr nce it
m ni m zesthatrewequahttdéch@mhbxl}t, yhofFRIhés pyeferhly Gréeier d:haﬁroglerqanailons can,
of course, be used in, the practice of the |nv ntio e.g., irngle | ens
el errent ciuRh, mergpagfergbly greater than or equal to 3L, and most preferab

greater than or equal to 4L. For reference, L for the pixelized panel of

15 Table 1 is 21.15 millimeters.

To maximize the transfer of light from the lamp to the pixelized
panel, the 2 to f1 ratio is preferably around 2. More generally, the ratio
should be in the following range:

1.5 <f2/f1 <2.5.

20 This focal length ratio has been found to minimize the truncation of
near and far fields for xenon arc lamps and thus maximize light throughput
from the lamp to the pixelized panel(s). For other lamp types, ratios
outside of this range may be suitable.

As shown in Figure 2, the first lens unit consists of two lens elements

25 L1 and L2, while the second lens unit consists of a single lens element L3.
This is a preferred construction for the relay since it minimizes the cost and
complexity of the system. Other configurations can, of course, be used in
the practice of the invention, e.g., a single lens element could be used for
the first lens unit.

30 Preferably, the same material is used for all of the relay's lens, e.g.,

for lens elements L1, L2, and L3 for the embodiment of Figure 2. In



the first lens unit. 30 Preferably, the sanme material is used for all of

the relay's lens, e.g., for lens elenents L1, L2, and L3 for the
enbodi nerwOaB/0kdlglire 2. I n WO 03/ 036163 PCT/ US02/ 32448 - PCparsoz/zashsar, it
is preferred to use an inexpensive crown glass such as BK7. In practice,

it has been found that even with a glass of this type, the system exhibits
arelatively lowlevel of lateral color, as neasured by the coincidence of

the centr ghsiic@larf Bds peReBed BNEsdAn Snétibilsive bRVt ERGs Wukh ag BKYaper ed
tunnel integrator which provides a large field with | ow di vergence along

the | ong &xipgaefice it bes deguifaungilxad ¢veadwpdneigladsrofghis typel tire sygem he
systemof Tahl.e 1, the centroid red, green, and bl.ye J.i ght have been
Found to BEARTHE Felativert i dhe) of ateantodrions mearHeddigdeor a 16. 43 mm x
10. 37 Bhifldeird BRNElontidid W] EXR, 3hd LB RN Rk d3dPihp! Y 10
beneficial for systens using three iIndividual pixelilzed panels for red,

green, 5 atapdiedegunnghintelgubtoalvalnchpaosidebatlatrbe field withnkiw divesyeh@m of t he
invention _can be used.in_.a scrolling _coLigr system where col gr i.mages are

produced 2kansthe long axispfi agsplangylaopixeligaddansl Lo pardigulaam & thet her t han

0 Separ alaRRRPhaLILD dle EYBREUGE NS ROLOToEPLLRRLANSNNOL

m nimzation remal ni n pherical atron a esi recﬂ t he second

I ens uni t faaid Bebé Bolneeddrart wifthih a €6k Ahiceons &t thagdseyidt £18 a3 manxi ncl ude
a diffractive surface which provides color correction, e.g., L3 can

i ncl ude al@iF% mae pivelized panelofThis doveileieed of haliral enlar isfmeitanlys and

advan es of .t.he.invention are,set .forth in .20 the defail ed,description
ohi ohL7 o) PERESCAN T SSpupe Watrd thee ndiminy Lhpsnar opels s SedaRPrien | n
the art faﬁmﬁlﬂaqigglt%;sgﬁt RidoQfe®hs FIRRAIRI iHIRGh IR tRINAGIGh N the BEvéMyGRti on as

descri bed herein. Is to be understood that both the foregoing general

descri pti can dedisedenf obérotling cdet aydteth wieee cplor dmages arepredycedxenpl ary of
Lhe ITVenLl oo, e e antented Lo, provi doyan ouer ot PoerraTork for
OF THE DR%EN%e panels.

15 If even further color correction and/or minimization of the remaining
spherical aberration are desired, the second lens unit can be in the form of a
color-correcting doublet or can include a diffractive surface which provides
color correction, e.g., L3 can include a diffractive on one of its sides.

Additional features and advantages of the invention are set forth in

20  the detailed description which follows, and in part will be readily apparent
to those skilled in the art from that description or recognized by practicing
the invention as described herein. It is 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

25  or framework for understanding the nature and character of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of the basic optical components of the

projection system of the invention.
Figure 2 is a schematic diagram of an embodiment of the polarization

30 converting relay of the invention.



Figure 1 is a block diagramof the basic optical conponents of the
projection systemof the invention. Figure 2 is a schematic di agram of an
enbodi mrerwo®B/0sd1e3 pol ari zati on 30 converting relay of thecCirmsensisasr. WO
03/ 036163 PCT/ US02/ 32448 -8 Figure 34 s a schematic cross-sectional view
of an enbodi nent of the projection systemof the invention taken through
the small aperture (high divergence) plane of the tunnel light integrator.
This is also tﬂgugé ang a0dchehlifiSERL- séjdtiﬂﬂéﬁ"ﬂ@w(?;f éﬂ‘&nb@&iﬁ&%ﬂf&hepl xel i zed
panel s. 5 Figur 'S a schematic cross-sectional view of an enbodi nent of
the projmejdctionsystamodithe ievémientalem t]cadoalghtthlecnngmlltalpermﬂpéh@h aperture
(low divergence) plane of the tunnel I|ight mhﬂ grat 01’ ggl | so the
pl ane of dwmeme)gpla@ﬁr@rtbectﬁnaﬁl light indegratgt lﬁil% spA, P@ and is

t he pl an ol ari | pol ari zati on
conversio es“%%‘,@ R th%I'E r(‘;L)”\t(itrae a?lls‘lgg{ehgggg%r{e%\e/e vi ew of the tunnel
l'ight 5 ntegr atFi%uﬁ?é 4 15'3%&1@%1&3:1@6%s§-se&ﬂﬁ12{1&f16@mm eindotlirgsnt oftheh are
incorporated in and constitute part of the specification, illustrate

pr ef er r ecprejdebivnreystematf thadniventon Eden thivughdhedgoeret appitHre daw
descriptigpn, serve fo ain th | s _ofyt.he inventiogn, If is to be
under st o velggeng%ptaé{e q é@ P E@Jﬂ H}%ﬁgf%g% rbds ﬂ%gﬁogt@&pﬁ?%? P%n are

expl anat SERhPTI ON OF
THE PREFE%&%%%%R@g? The éusiggﬁlggledg\/‘g}big%é?ﬁghglrég{e%ﬁhﬁvﬂgﬁt i on provi des

a pol ari zehichrpolafizatiomds cbngerted dy thepolmezatiom convgrsiin systemst em
enpl oyi ng one or nore polarization converting, pixelized panels, e.g., one

or LESS)r ef | ecti ve panel s. The pol ari zation converti ng relay includes
a hard apertur [ f: Hup |l ocations
for the two po 1151 ?ﬁg%dlts %&%%e&fig%&,{%g%%@g ﬁmx%gll%qtzlgﬂt’t n separ ation and

conver si Ofigusds Aarthewn in Figure 2, the hard aperture stop can be
coi nci dent WI th _ _ _
The foregoing drawings, which are incorporated in and constitute
part of the specification, illustrate preferred embodiments of the invention,
15 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 invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

As discussed above the present invention provides a polarization

20 converting relay for use in a projection system employing one or more
polarization converting, pixelized panels, e.g., one or more LCoS reflective
panels. The polarization converting relay includes a hard aperture stop to
address the problem of different pupil locations for the two polarized beams
produced during polarization separation and conversion.

25 As shown in Figure 2, the hard aperture stop can be coincident with
the pupil location for the shorter of the two optical paths (channel 1in
Figure 2) and not coincident with the pupil location for the longer optical
path (channel 2 in Figure 2). In particular, in Figure 2, the hard aperture
stop is on the pixelized panel side of the pupil for the longer optical path.

30 Alternatively and preferably, the hard aperture stop is not coincident with
the location of either pupil, but rather is located between them. This is the



the pupil location for the shorter of the two optical paths (channel 1 in
Figure 2) and not coincident wth the pupil location for the |onger optical
pat h (chawpaB/o31bh Figure 2). In particular, in Figure 2, PCh@Soasd4@apert ure
stop is on the pixelized panel side of,the pupil for the | onger optical
path. 30 Alternatively and preferably,” the hard aperture stop is not
coincident with the location of either pupil, but rather is |ocated

bet ween téﬁgg‘lf%ﬁ@esglaﬁo?%‘ﬁ% 93’(9&?1?8*% %%@%ﬁé%ﬁﬂ& apeP@%fo OF the

relay of 'ocations to0 ard aperturé stop besides the
f or egoi nghdsidesethrnoregoing twoeestiseples kahibe ywedcin the mfactice of thventi on i f
desired. In all cases, the hard aperture stop wll not, coi ncident with

at | east ?’Yénﬁpntiﬁée$w-p%iaﬂ]scﬁﬁﬁédﬂ@ééﬂlﬂyaﬂﬁéu’fﬁ)ﬁépi‘?’éﬂjﬁ@hb% conver si on
t T t d H n n :
syster THSpRER: 410, 5 Bhe D450 s Aoty MGG N (o

al t er nat i (P& op apertur S ronal l'y

i ncl uged cddveldibn RPE®hzati on converting relay. It may be formed by any
standard nethod known in the art, e.g., it can be part of the nechani cal

mount for 10 JHee apertmre stdp isheeforiedrtomsta Feardt appshmetsdopfon he relay or it

can be a separate conpqgnent. As al so di.scussed aboye, .the;,second ]ens unit
of the po"lﬂi?‘?nf’é’c"ie as @, Bt SHP ?B?’iﬁ}r‘gschagﬁ‘?é Ss‘B¥‘? A0 elhélv g‘é‘%‘d(towards
the | anp); . . n {t are
substanti a y %dg?ﬁ%ﬁgg%% W%Q%@%??%Z ﬁg%%&{%gglrf?%g&g? oégiya%lt%%{i ﬁigi surface of
t he pi xel metlhodhnewpsih, theraspest,iivehy beTrurs of the neebandcdl ensuntnfor i s
substantially optically _equidistant between Lkgae a re stop and the

har d t
pi xel 3% edopmpremoesg of thierhen Walép_ﬁ@@néPE?%Q _’(eé?a%.o,r 1@‘%1 g%ﬁes) are
pr esent b%etp\%?g&a éoﬁgoﬁ%ﬁc?nd |l ens unit and the pixelized panel (s), the
i's S

physi cal ance opposed to optical distance) between the second

lens unit and ABQldy dBbigRd alRetls jedonlllehe uaitest e pdlarizhtienphysi cal
di stance between the second lens wunit and the hard aperture stop. In

parti cul acqnviesting aelaypisdaeateg) sesthatéhe bagk (tavrardstipeilemp)dingk Gpee will be
I ner eaSEd(tBXfaE'c’ié Hiel /aIQél) ogarl%lzt:lnéss o% tql% unit are substantially coincident
15 with the hard aperture stop and the surface of the pixelized panel(s),
respectively. Thus, the second lens unit is substantially optically
equidistant between the hard aperture stop and the pixelized panel(s).
When planar glass elements (e.g., PBS cubes) are present between the
second lens unit and the pixelized panel(s), the physical distance (as
20 opposed to optical distance) between the second lens unit and the pixelized
panel(s) will be greater than the physical distance between the second lens
unit and the hard aperture stop. In particular, for each planar glass
element, the physical distance will be increased by t*(n-1)/n, where t is the
thickness of the element and n is its index of refraction.
25 Without intending to limit it in any manner, the present invention is
more fully described by the specific example of Table 1 and Figures 3-5.
Figures 3 and 4 were prepared from the prescription of Table 1 using the
ZEMAX optical design program sold by Focus Software Inc. (Tucson,
Arizona). All dimensions given in the table are in millimeters. The clear
30 aperture values are radius values for circular apertures and full width

values for rectangular apertures.



t hi ckness of the element and n is its index of refraction. 25 Wt hout
intending to limt it in any manner, the present inventionis nore fully
descri bedwbyswb@especi fic exanple of Table 1 and Figures PCIUSIHZQUS es 3
and 4 were prepared fromthe prescription of Table 1 using the ZEMAX
optical design programsold by Focus éftvvare Inc. (Tucson, Arizona). Al
di nensions given in the table are in mllinmeters. The clear 30 aperture

val ues are ra r val ues for
rectangul ar agglr{tﬁuér%ddfﬁ%%éf/%%ﬁ% &‘%%%%?%%d%/t%%il%gﬂafvﬁﬂ Tﬁ?@ggarrpl e uses a
taper ed i nitegiatsurfddesndh maa'tlcn@n;nthé owienke] hast aelﬁrihmiﬁnimbmmséi 07n

particular, the tunnel has a 5.7 m|linmeter x 6. Illmet?r i nput face

and a 5. 7oilimeteatapuy fagecand P‘IEI FepidimetRTot - Epet 1meﬁf}¥é3"tt§b‘é 3%y reduces
the di verggggg%%ﬁgé (-rgslhéelsh en(%RIIG el of Pfie ?l'luﬁ?:ltlé’@gn? tﬁetd%cjmgﬁ%f aX| s of

t he pi xel urn, reduces eral color at

pi xel i g ediRanplo(is o@ltﬂl@mmlzbaqaeﬁﬁn(@y TRis; @SB, mdujcwlattemmldrm
el enents, all of which are nade of an |nexpen5|ve glass, e.g., BK7. In

addi tion the hixeliagd Ipcawel(a) edwiog|the relay! tayeongisitieg Tustebhyendsie BK7 gl ass

al so have ow I on d| n col or erform oI ar n conversion,
the rel ay® f‘re%%k‘e@g%ng‘b%rp %r}gﬁ llégi/of crease in
light thrg H&Rg#ftocﬂﬁﬂ Bl Biter] doldr AR ugihgsmkﬁahmbcﬁmwssonl y one

pol ari zation t he ra orriy pol ari zed ght produced by the illum nation
| anp. Al t hbwdiaverlefrelongitvalinabeédler. enbodi nents of the invention have 15

been descri bed_herein, furt(ﬁer enbodi nent s be. per %I vedﬁ% lriose

skll 1180 in t heBamerfpunpiggp éﬁéﬁ?lpﬁﬁoﬁ}"%ﬁﬁqrhéb& iy este fithi on

03/ 036163 0 C A
0 565 AR R I R A R i 6.

an illumination system which uses only one polarization of the randomly

polarized light produced by the illumination lamp.
Although preferred and other embodiments of the invention have
15 been described herein, further embodiments may be peréeived by those

skilled in the art without departing from the scope of the invention.



43.683 (thl) air 5.7x9.9 Lens (L1) Inf 9.913 BK7 38 +10.142 -52.3512 1.1
AR 38 +10.142 Lens (L2) 74.1752 9.913 BK7 38 +10.142 -213.476 25.700(th2)
AlR 38 +1W0b48361&P 0. 75 BK7 40*25.6 45deg +9.08 (N PC) chaamaisotseammel 1
GP-stop 11.4 AIR STOP 35.2 STOP-L3 Jlgl.B(thB) AIR (PC) channel Channel 2)
GP- FM 20.285 AIR (decenter along Y FM M RROR 40
X 26 45deg -10.142 FM STOP 11.4 AIR HWP 40*20.3 -10.142 STOP-L3
101. 3(th3) AIR 108.2851 11 56 BK7 Lens (L3) -106.6912 0 56 52.187 AIR PBS
(cumul ative Infinity 47 SF2 26x36 -ltatb'hilfness) Infinity 26x36 0.001 AlR BK7
Infinity 10.5 BK7 26x26 (cunul ative I ckness) 7 AIR 26x26 LCOS plane O

18.43 x10. 37 WO 03/ 036163 PCT/ US02/ 32448
Item name | Radius |Thickness| Glass |C.A (mm) or full width
45 Mirror 5.7x6.07  |Rotx Decy
Integrator
43.683 (th1) air 5.7x9.9
Lens (L1) Inf 9.913 BK7 38 +10.142
-52.3512 1.1 AR 38 +10.142
Lens (L2) 74.1752 9.913 BK7 38 +10.142
-213.476 | 25.700(th2) AIR 38 +10.142
GP 0.75 BK7 40%25.6 45deg  |+0.08
(N-PC)channel
Channel 1)
GP-stop 11.4 AIR
STOP 35.2
STOP-L3 101.3(th3) AR
(PC) channel
Channel 2)
GP-FM ©20.285 AIR (decenter along Y
FM MIRROR 40x 26 45deg -10.142
FM-STOP 11.4 AIR
HWP 40%20.3 -10.142
STOP-L3 101.3(th3) AR
108.2851 11 56
BK7
Lens (L3) -106.6912 0 56
52.187 AIR
PBS (cumulative Infinity 47 SF2 26x36
thickness) I\ finity 26x36
0.001 AIR
BK7 Infinity 10.5 BK7 26x26
(cumulative
thickness)
AR 26x26
LCOS plane 0 18.43 x10.37




-12- What is clainmed is: 1. A polarization converting relay which receives
unpol ari zed light from a source and transmts polarized Iight to an object
to be illwoinasady said relay conprising: (a) a pol ari zatcorussspauat or for
separating the unpol arized Iight fromthe source into first and second
parts based on polarization; and (b) & pol arization converter for
converting the polarization of one of those parts; wherein: (i) the first

and seco r. hrough the relay along optical paths which are of
dlfferen?ﬂllhgcﬁ %?ﬁla%l%adg i) the relay has an exit pupil which is

tel ecentric OVAQ@anettﬁiree@Nefrtmg blay kehiglo b edel vt umpnlam'rmédig’htgfmml ay of
Caiml wherein: (a) the source has an _exit pupil; (b). t

rel
conprises: (i)aaonrsaandniranseyis pelariediightdemroekieststtsber h‘%g%@t ween
t he source and ta %tyl arization separator; and (ii) a hard aperture stop
bet ween the pofAfirayi G EFE®at or and the object to be illuninated;

wherein: (1) the |£ﬁ§1a‘1‘i‘2;it1cﬁﬁ§eﬁ%(¥a%x‘ BRkbpar3ARAtlM ahppletieddigho | mages
of the source's exit pupil; and (2) the hard aperture stop is not

coi nci dent with at ﬂremsﬂle snece inwedfitsttanc secangéparts basesl gl ari zat i on
converting relay OfPﬂ? 2 wherein the hard aperture stop is not
coincident with eit ?‘m&fi iog; anflyo | mages. 4. The pol arization converting

relay of O ai my3 wWheh&i il astverBiehol ¢ohvat Rty tike PSLMBABIOhYE dneo | mages.
of those parts;

wherein:
@) the first and second parts pass through the relay along
optical paths which are of different lengths; and
(i)  the relay has an exit pupil which is telecentric or near
telecentric.
2. The polarization converting relay of Claim 1 wherein:
() the source has an exit pupil;
(b)  the relay comprises:
1) a lens unit comprising at least one lens element between
the source and the polarization separator; and
(i) a hard aperture stop between the polarization separator
and the object to be illuminated;
wherein:
(1)  the lens unit and polarization separator produce two
images of the source's exit pupil; and
(2)  the hard aperture stop is not coincident with at least
one of said two images.
3. The polarization converting relay of Claim 2 wherein the hard
aperture stop is not coincident with either of said two images.
4. The polarization converting relay of Claim 3 wherein the hard

aperture stop is between the two images.



WO 03/ 036163 PCT/ US02/ 32448 -13 5. The pol ari zation converting relay of
Claim2 wherein the lens unit consists of two |lens elenents. 6. The

pol ari zatwon3psdgerting relay of Claim1 wherein the rel apCTasopsisges: (a)
a hard aperture stop | ocated between 'él%'? pol ari zati on separator and the
object to be illumnated; and (b) a lens unit between the hard aperture

stop and the obj ect to be i | 1 um nat ed said lens unit having a principal
pl ane; wherei np | 8f 61 8REDIWhE e$h TRe Mih LHR
princi pal gpl ane | Szﬂ?)—? ant| ‘%’%ﬁgl al§I;lo tf11eB¥oI':‘MIIFl eengt% of the lens

unit in the diéamiserofovotlbes smmaﬂ:s 7. The pol arization converting rel ay
of Claim6 wherein:_ (a) . the lens unit has _an optical (b) the first
and secon@ par The Modarization @Pfé@rﬁmrﬁeé%ﬁ’@f@ﬂﬂ |whegedn th‘? elagi st ance D

given by: D = f%é4fls#% where f is the focal length of the lens unit and
f/# is the f-ntHBEFSS the hard aperture stop. 8. The polarization

converting rel ga» of a@a3tl Bplriierbp 16daked Baswbdn the solagiRtHnof a single
| ens el enent. A pol ari zation converting relay which receives unpolarized

light from a sour ceerardtaramd bhe sbmt mbeeﬂumllghtedt endn object to be

| umnated. | aard £l aY, SOTPCLSL A0 Cal 2, LLESL, Lens bkt M oh ol ves
S e o A 3 et o L
whi ch recei veswiieeennf thehepatcing beivten the hard aperture stop and the

principal plane is substantially equal to the focal length of the lens

unit in the direction of the source.

7. The polarization converting relay of Claim 6 wherein:

(a) the lens unit has an optical axis;

(b)  the first and second parts are decentered from said optical axis
by a distance D given by:

D = fi(4ef/#),

where fis the focal length of the lens unit and f/# is the f-number of

the hard aperture stop.

8. The polarization converting relay of Claim 6 wherein the lens unit
consists of a single lens element.
9. A polarization converting relay which receives unpolarized light from

a source and transmits polarized light to an object to be illuminated,

said relay comprising:

(a) a first lens unit which receives unpolarized light from the
source;

(b) a polarization separator which receives unpolarized light from
the first lens unit and separates that light into two parts based
on polarization;

(c) a polarization converter which receives one of the two parts

and converts the polarization of that part; and



and converts the polarization of that part; and WO 03/036163 PCT/ US02/ 32448
-14 (d) a second lens unit which receives polarized |ight fromthe

pol ari zatwor3®aqes at or and the pol ari zati on converter andPCTrsnyso4es that
light to the object to be illumnnated;, wherein: (i) the first lens unit
has a focal length f1; (ii) the secontd™ ens unit has a focal length f2; and
(ii1) 1.5< f2/f1 < 2.5. 10. A polarization converting relay which

i npol arized |ight f . ane i; hzed [ight t
anobj ot 1o 80 1 rumohardens SEly SRS AhALARaTohs BERIREPS, 3%, 1T

whi ch recei ves unpql@asiiz@foh s&pdraftbPahl hBe poduigatiod bonwerpal and zat i on
separator which receives unpolarized light from the first lens unit and

separates that |ightransmistthat bght $o bhe elijecbto peliBuminatesh: (c) a
pol ari zation copverter which receives one of the two parts and converts
the pol ari zat iYYA®%$t hat part; and (d) a second lens unit which receives

polarized light fr th .Jﬁ.f]ﬁﬁﬂ'ha%eap?dc%'l% Rg1t he pol arization
converter and transSm tgchteﬁg{SPHg t to the ob ecl%ﬁto e illum nated;

wherei n the pol ari z@f)i onheepased tend wnid hesreefopal tbrthdRj asd. 11, An
optical system conprisi nf: fét%) a source of unpolarized light; (b) a
pol ari zati on conver(tllil}\g IS/ T e r ecei ves unpol arized |ight fromthe

Sout e, X gty PURPERR S VIR SRNEEL S RLebsathonsgs! v ch
havi ng opti cal; Be¥Rle: and transmits polarized light to an object to be illuminated,

said relay comprising:

(a)  a first lens unit which receives unpolarized light from the
source;

(b) a polarization separator which receives unpolarized light from
the first lens unit and separates that light into two parts based
on polarization;

(c) a polarization converter which receives one of the two parts
and converts the polarization of that part; and

(d)  a second lens unit which receives polarized light from the
polarization separator and the polarization converter and
transmits that light to the object to be illuminated;

wherein the polarization separator is a wire grid polarizer.

11. An optical system comprising:

(a)  a source of unpolarized light;

(b) a polarization converting relay which receives unpolarized
light from the source; and

(c) at least one polarization converting pixelized panel which
receives light directly from the relay without any intervening
elements having optical power;

wherein:

FFL > 2L,



wherein: FFL >_ 2L, WD 03/036163 PCT/ US02/ 32448 -15 where FFL is the front
focal length of the relay in the direction of the at |east one

pol ari zatworn3padeerti ng pi xelized panel and L is the di agomaisons24she
panel. 12. An optical system conpri Sil‘ll : (a) a source of unpolarized Iight
conprising: (i) a lanp; and (ii) a |7 ght integrator; (b) a polarization
converting relay which receives unpolarized light fromthe source, said

rel ay conprisi ‘?ugiefé %‘)E‘Laisfﬂh%ﬁoﬂtefaﬁaﬂ@h%—m%m& §é1@g iftlthb €RdctBREof 1BBS

el enent; and a secon ens unit conprising at |east one |ens el enent;
and (c) at | east leare opelpaldriaiticancanrytngi pigeizedpazddiphhdb théi ch

receives light _fromthe relay; wherein: (i) the at |east one polarization
converting pi x@igigpadl Qﬁﬂ@l paned. g rect angul ar panel having a long axis; (ii)

the integfator,is a.tapered integr r which provides a large field with
| ow di ver 'nceAglO %&ﬁﬁgsﬁe%ﬁo%yggﬂ%g? the panel; and (iii) all lens

el ements of thg)firglsoand sTaaHIatiSabliERt tompeiips:i se crown glass. 13. The
opti cal system@%f Claim 12 whéerein thegcrovvnpgl ass s BK7. 14. An optical

system conprising: (i) aasmwpcendf unpol arized light; (b) a polarization
converting relay acagr di Q?igth% i%eagirg]m]i': and
(b)  a polarization converting relay which receives unpolarized

light from the source, said relay comprising:

1) a first lens unit comprising at least one lens element;
and

(i) a second lens unit comprising at least one lens element;
and

(c) at least one polarization converting pixelized panel which
receives light from the relay;
wherein:

@ the at least one polarization converting pixelized panel
is a rectangular panel having a long axis;

(i) the integrator is a tapered integrator which provides a
large field with low divergence along the long axis of the
panel; and

(i) all lens elements of the first and second lens units
comprise crown glass.

13.  The optical system of Claim 12 wherein the crown glass is BK7.
14. An optical system comprising:
(a)  a source of unpolarized light;
(b)  a polarization converting relay according to Claim 1; and
(©) at least one polarization converting pixelized panel which
constitutes the object to be illuminated.

15.  The optical system of Claim 14 wherein:



(c) at |east one polarization converting pixelized panel which constitutes

the object to be illumnated. 15. The optical systemof C aim 14 wherein:
WO 03/ 036w6I3Mesl63JS02/ 32448 -16 (i) the source of unpol aPCTas0d/333is
conprises a lanp and a |ight integrat whi ch has an exit end; and (ii)

the polarization converting relay inmages the exit end of the integrator
onto the at | east one polarization converting pixelized panel. 16. The

optical system of CI(IZI M e YABCEIoR un&y'olaﬁf@i thﬁédrﬁﬁflb%‘aqgﬁl\fﬁﬁﬁ(ﬂ. ag rel ay

conprises a first unit and a second lens unit; and (ii) the first

| ens unit has a princi pahght amiEgamtd)rt\MMChp}ms :ngexh@trndeandt hat pI ane and the
exit end of the integrataor substanti al |,y equal toth f og gth of
the first lens unifn Phﬁépg]ialrb"l@ﬂ%c%’fve?ﬂ@gé"é yoigages t gﬁ’él g system

of Qaim16 wherein: (1) ghbg. ol ackaatl ehe Tea%%toggq)oﬁﬂﬁ%&ggp“ses a_hard

aperture stop | ocated be ween Second Iens and (ii)

the second | ens unit haSc@w.xFHrhrilfgllﬁﬁbhﬁécaanéhd the spacing between that
pl ane and the hard aperture stog1 is substantially equal to the focal
a

| engt h of 16he @@@mnilcall evtenpf Claim b Vﬂhﬁr@m ion of the source. 18. The
oFi d pol a7 zer 10, Gne. bt PREFFickliBR- R R A REREreh Heef Fned 2t
| east one pol ari zat i on cgﬂyteéﬁd BGeRbX&ld7eeniansll 1S a rectangul ar panel
having a long axis; (ii) the integrator is a t apered integrator which
provi des a (11)  the first lens unit has a principal plane and the spacing
between that plane and the exit end of the integrator is
substantially equal to the focal length of the first lens
unit in the direction of the source.
17.  The optical system of Claim 16 wherein:
1) the polarization converting relay comprises a hard
aperture stop located between the first and second lens
units; and
(1) the second lens unit has a principal plane and the
spacing between that plane and the hard aperture stop
is substantially equal to the focal length of the second
lens unit in the direction of the source.
18.  The optical system of Claim 17 wherein the polarization separator is
a wire grid polarizer.
19.  The optical system of Claim 17 wherein:
@) the at least one polarization converting pixelized panel
is a rectangular panel having a long axis;
@ii)) the integrator is a tapered integrator which provides a
large field with low divergence along the long axis of the
panel; and
@i1) all lens elements of the first and second lens units
comprise crown glass.

20.  The optical system of Claim 19 wherein the crown glass is BK7.



| arge field with | ow divergence along the long axis of the panel; and
(iii1) all lens elenments of the first and second lens units conprise crown
gl ass. 20woTh®3api i cal system of C aim 19 wherein the cromTgisay4is BK7.
WD 03/ 036163 PCT/ US02/ 32448 -17 21. The optical systemof Caim 17
wherein: (i) the at |east one polarization converting pixelized panel
receives light directly fromthe relay without any intervening el enents

having opbical MSticARYstelnl bf ERkiny 174hertiigr € FFL is the front focal
| ength of the second lenS unit in the direction of the at |east one

pol ari zati on conver (i)ng ph«et lezed opapelariasidonh coavétmgipaghined pahet he

panel . 22. The optical systemaf Cam1l7 wherein: (i).the first lens unit
has a focal length fl; (ir?‘)el‘l’ef?ehgl%‘ﬁr‘fﬂcq})élﬁ@]%ﬁﬁ? rﬁ]é’é"ﬁltﬁ’@é“é?nyength f2; and

(i) 1.5 < f2/fl _< 2.% -The ' - Of gla'! wherein the
first lens unit consi st S%%e%%r%%eé%@%ﬁ%hgﬁ@%l% sggglgll | ens unit
consi sts of one | engii) el @RINE 2L,

where FFL is the front focal length of the second lens unit in the
direction of the at least one polarization converting pixelized panel
and L is the diagonal of the panel.
22.  The optical system of Claim 17 wherein:
1) the first lens unit has a focal length f1;
(i)  the second lens unit has a focal length f2; and
@) 1.5 <f2/f1 <2.5.
23.  The optical system of Claim 17 wherein the first lens unit consists of
two lens elements and the second lens unit consists of one lens

element.



