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WD 2004/ 064411 PCT/ US2003/ 036955 OPTI CAL CORES AND
PRQIECTI ON SYSTEMS CONTAI NI NG THE OPTI CAL CORE Field

wohoddve4dinventi on 5 The present invention is dpCceasSem3/036955
generally to systens for displaying information, and
nore particularly to refl ectlve proj ection systens.

Background Optical i DRYIGALL/ORENANIDI cal |y i ncl ude a
transu ' [ , | sQ. I r to
o ; BiprilEte

an image on a light 10 beam Transm sswe l'i ght
valves are typically translucent and allow light to
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|'i qui @ptiday Hhading @s&ﬁisdyplédl@ﬁhclﬁd@a Beistfisst Yriagefledtive idager,
may becone possible by the use of reflective liquid
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substantial ly unnodi fied for the darkest st ate, or

ingiug heaan treformangmage | Refleetive bightvelves prowideiimpartansadyantages, as

oo fedET may 2e Bl Slioe SR aRE e Bpdir i §fFanpec
1rﬂé’ér§fet1 2Reuik tedhiol68ABBcheHRRARBIE WheH IRGuBStrdt& Matcfildtare not
beam for reflective LCD imagers. A desirable conpact

ligrited ixydheinopaguenagsieNew ppishtially inexprensivp andcdmapaseliquid crystal

dfsﬁkla-r(itz g’ffggakﬁrggl i.tter ?é PB%‘?%gg‘ﬁfngs‘él ngg%?qugg?re%ectwe
hﬁﬁfd'&fstteﬁ%iﬁsfdéliﬁplégﬁaéﬂ@%ﬁ geghare the sanme physi cal
space between the PBS and the inager. The PBS

se paﬂ\&mwgeﬂmvp hEBhinmagetsi rghte the polatipation of incident light. In other
ol ar rotated ht. A:single.inager
“Becsoufiteed ot s NS i pubomaercMind bolsredonlly

R et Bl 674t sedt i rtion

impdridd to provided tesned gberamie oA\ 90° rotation provides the brightest state in

these systems. Accordingly, a polarized light beam is generally used as the input beam

for reflective LCD imagers. A desirable compact arrangement includes a folded light
path between a polarizing beamsplitter (PBS) and the imager, wherein the illuminating
beam and the projected image reflected from the imager share the same physical space
between the PBS and the imager. The PBS separates the incoming light from the
polarization-rotated image light. A single imager may be used for forming a
monochromatic image or a color image. Multiple imagers are typically used for
forming a color image, where the illuminating light is split into multiple beams of
different color. An image is imposed on each of the beams individually, which are then

recombined to form a full color image.
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30 different color. An inmage is inposed on each of the
beans individually, which are then reconbined to form

wa 200406440l or i mage. 1 WO 2004/ 064411 PCT/ US20081Q3613/536955
It is desirable to use as nuch Iight generated by the

l'ight source as possible. In particular, it is useful
to clbﬁsﬂeélléffbl%ts’sli%éiﬁ much light generated byrthe lightsbirge as pOSSIble In

pF R RS btRlse SRRV g ARE R bl CHRions thar

redutédmiviapied réffdciibls 6fighpt i cal el enents or cores for
projection systens and the projection systens

contai ning the optical elenments or cores. In
addi tion, the invengj aﬁ%"i Sfﬁ%‘in{r&t@ki ng and using
the optical el ementS proj ections
sy stlargenerah) theenvantionerdate ®© apticalpiémaits e @n@for projection
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beansplitter, d an optita ayer |s 626d
proetiiesysthms.i ndex mat chi ng | ayer and a surface of t he
col or conpi per to nount the pal ari zi ng beamsBI itter

ont drgem IBFntdéﬁ%PPFéﬁa clepentdpelpding acplor gpapgy, a polarizing
I
oS 3 A B ) 204

ofdhg 1ﬁcﬂm€zm§ bédmesplifter, pnd mptﬁ:af@haﬂvﬁhyéﬂcﬁkpoa%’ﬁétw& the index

and an index matching layer. In addition,
ﬁe%ag layst sk swstase phige éP]@ﬁﬁWbm@U@ Ul mmlsmzem@msphtter

orfé(g{ 9@& ce&bme@tngP e&ga?lytotﬁé b@g@akﬁn@ﬁt in a&tt% C{%t e et
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one or Fizin eanspl i

maejipblhdziag beamsplittetsi cach indbid@llg n&ﬁ@ﬁﬂd)ncamﬂﬁ&ht surface of the
adhesi ve | ayer between the pol arization rotat Ia@%@'ﬁ
PriSPRYRE %MI%hféihéa%}ayero%aﬁéndexznaté@né taxpr. yin Nihe
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of refraction, n3, where n3 is preferably within 5% of
coppiner ugipy prspequd apticaliadhesivedayer dewssn thsfpalarizagip tiaingof
enbodi nents, n3 is wthin 4% or
el%/elﬁglq% B@cpldr%f%%g%and n3 can be i n some instances,
equabedetalfyNvhén thé)cblo? célmbiaeheds TN dTeef fctioACh; UAE the prism

rojection systens that include the optical el enent
of the polarizing beamsplitter has an index of refraction, ny, the index matching layer

has an index of refraction, n3, where n; is preferably within +5% of (n; * nz)”2 (i.e., the
square root of the product of n; and n,). In some embodiments, nz is within +4% or
+2% of (n; * ny)""? and n3 can be, in some instances, equal to (n; * n; )U 2

Other embodiments include projection systems that include the optical element
described above.

Yet another embodiment is a method of making an optical element. The
method includes disposing an index matching layer on a surface of a prism of a
polarizing beamsplitter. The polarizing beamsplitter is mounted onto a color combiner

with an optical adhesive layer between the index matching layer and a surface of the

color combiner. This method can optionally be used to mount two, three, or more
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descri bed above. Yet another enbodiment is a nmethod of
meki ng an optical elenent. The nethod includes
wdizeposi41g an i ndex matching | ayer on a surfacecofisa003/036955
prismof a polarizing beanmsplitter. The polarizing
beansplitter is nounted onto a color conbiner 30 with
pc&wmg beagisphigre gnwéhff@ry@trsutfe@qmé A colee combliasr. ridptidnaly, a

rface of th | or
o ieatior Bpthattim e Pr Hemion cafiBt Son G iuatpihducengach of
ol note WP RO ADRAA Bhnt3pTii 415 2D B1e Q3P edmbRet Adihg h B&ond
beansplitters onto different surfaces of a col or
ommltadheswe lageribetvegenythe polanigtian rotatingxlementand tige edlanent
el ements can be nounted individually between each
CQWb %ne or nore of the polarizing beansplitters and
the col or conbi ner using a second optical adhesive
| ayer between the polarlzatlon rotatlng el enent and
the color 5 conb'=: Deggrind DEAWIESof t he
understooéhln C nS| era n o¥ﬁaﬁ§ﬁsgﬂﬁf%hﬁh&mgg%3f?m

follew g detdiled dedcripeion Oﬂﬁarﬁfllib enhbodintentsaif tliehﬁvemmrih cGhettion
connection wth the acconpanying draw ngs, in which:
withy the agcompany e e vRgs. 1) Whithist rat es a proj ecti on

syst r t

i nventl c%%gﬁé}ﬁ icﬁ?’élﬁ‘i csré%?% cgﬁ%télﬁlfl Iahgtﬁfi% ggggn
endipddimeaht cﬁ'ltlwmﬁstenofnvbﬂitmmaﬁd ection systemof FIG 1,

according to an of the present invention.

whi | 8G Réch%%wﬂbﬂluﬁ%atammcal qlemeny of gheprojection system of
5 fi
F@g; Ledggﬁdﬁfgt%ﬁaggeggoogL&S{t %@Iﬂeﬁeseﬂl;lﬁ%ntm}l] eS f’ﬁc't h'eCS

dr awivigls tienidvatition 1@&neﬂkb&0tblvhﬁdus rﬁodiﬁt:ﬁidns ahd alsdraattv@d forms,
" be under st ood, however, that the intention is not to

sperifics therqed havasr sy by WA opavenmpyinghe dpydegsrd vyl be
de‘!ﬁ?l?erd 1g%gta s‘iq*c}&ld%%%dé}% od [HbSvey A ﬁ{}lﬁ h%rinéeﬁuox{e 1‘5% 506X mit

I'ons, “equil valent's, and

the ahviehfign W thé pmlbiﬂler érﬁbddlinefﬂﬁ descﬁb@cp eOf thd dv@trbfy thetintefition is
as defined by the appended clains. 20 Detajle

topexerdliynpdificatinasmoasiaints, W%ﬂterlaﬂﬁlvp%faam Widhipltlee spirit and
scBp P RS iR 30 By ARl dpGalaed R S

Detailed Description

The present invention is applicable to projection systems and optical elements
or cores for such systems. The term projection system as used herein is meant to
include a wide variety of optical systems that produce an image for a viewer to view,
that may be used in, for example, front and rear projection systems, projection displays,
head-mounted displays, virtual viewers, heads-up displays, optical computing systems,
optical correlation systems and other optical viewing and display systems.

An embodiment of a multi-imager projection system 1600 is schematically
illustrated in FIG. 1. Light 1602 is emitted from a source 1604. The source 1604 may
be an arc or filament lamp, or any other suitable light source for generating light

suitable for projecting images. The source 1604 may be surrounded by a reflector 1606,
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or cores for such systens. The term projection system
as used herein is neant to include a wi de variety of
wopbi4paks1syst ens that produce an i nage for a vPENWEIS2(06/036955
view, that maybe used in, for exanple, front and rear
projection systens, rOJectlon di spl ays, 25
sulk aglamolliptie cbftw@p [zmsgown) g paraholigir a, ortthelike, tipincrease the

utin stens, optical
axpiyil of Ht oLl d PO PR SHERE Al o1 vt ng and
di sprRY1ighHt 3662 tyfiBal fHdBRdre BEind sPIH ihio-diff&GRY color bands.
projection system 1600 is schematically illustrated

Forrexkin@le, the lightyhé0216aPbé paseed ﬂltcmgh fan optienad prerpdariz0 4608, so

The squrce. 1604 be an
than g oL aiepae Bolwiaghes Bufeced toragS Remsrangive. The
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T S %8%‘35113“133*62% ?skt*%?ﬁt%%‘mé%ﬁﬁ réffea tght, n
thEﬁlﬁWhﬂtﬁd@ﬁ]hnmib‘nLﬁzaﬁéBteﬁﬁ&ﬁ&sto thebiphtasuma 1604 fqﬂre-cychng
reflector (as sts%@vvn) a LIC reflector, or.th

The gt 1602 g lsade Bomoeetias i thaing feggersp tispraigetion engine

R B BB A s s

ligial1602 daodish a re&:lectl@mmll @610, lalthbughtit wﬂlBlG)eZapp&;ohrﬂedaﬁmtsﬁﬂer

through an optional pol ari zer so 5 that
ARPEPAFIFS @Htontﬂge%‘zﬂlé§h? tmyaﬁlﬁém neﬁ(iosreg di rect ed

t ona ]

opt | Dap {lRoRleicR b RnoctieRHERI! AphEES thdugh a firt
lehbd614 ‘@frbdmieehb divergtnceianglet e ligial@12ds theh drcideat oma first

coler SepitloR 6 6, O g b £V RIS AGER ROABIR iz T firs
ccﬂ%eg%ﬂnfog li%?? S%}dg%égﬂ? 16 ﬂn%ctﬁr%toé&l]]cﬁ{h%hﬁ Fromthé remaining light

roac onogeni zi ng
163%e |ight 1602 is to pass the 10 light 1602 through a

reflecting tunnel 1610, although it will be
appr &b¢ Hglid 61 R an thmﬁt@rcoloa bﬁ%@@h be passedhibroiphisi seronyt lemel622,

i o
aid oY BRflehE1 BNl 00 ahBfechod e Biis1s in the fis
caloff bardtincil@i®n 16l frst poliutslng Beaﬁﬁ@hﬂbﬂ(?BS? nexHt. aﬂfﬁ léght T6E8
light 1612 is then incident on a first colo

p@é@ﬁaﬁ@tléhe fit BBS 24t sriiipt ieager &Zﬁexﬁmmégeraeﬂects image light

gﬂ 1%1?“02&?@&3% ntsa{ee tg {trlntanltt ﬁ]t%%lffgrﬂ?é P]%g Igfr)ég @r lor

c&iﬁ&ﬂelf &8 ?16 @m-lcab@golbﬂ @JiﬁbmékﬁB@O ad mﬁsﬂrat@:hin 1116318 Mhe
the first co band may be passed through a second

PB8M$24 6@y provifel a&ﬁygmat;stalcpylpanaahon # the peflegied 3mageolight. The
1ng§g%} I’1856 rtngye/ 1n% uds'one Of reno%ef cotnlfpeen!sa{tgtﬁtele%e% S, s@chtagea retardse}

element, to provide additional polarization rotation and thus increase or maximize
contrast in the image light.

The remaining light 1620 may be passed through a third lens 1632. The
remaining light 1620 is then incident on a second color separator 1634, for example a
thin film filter or the like, to produce a light beam 1636 in a second color band and a
light beam 1638 in a third color band. The light 1636 in the second color band is
directed to a second imager 1640 via a second PBS 1642. The second PBS 1642 may

provide astigmatism compensation to light in the second color band. The second
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color band incident on the first polarizing
beansplitter (PBS) 1624. The light 1618 20 passes from
woOheosiocsa1 PBS 1624 to a first inmager 1626. TheCcTmnsgmB/036955
reflects image light 1628 in a polarization state
.that is transmtted through the PBS 1624 to a col or
imagah 1 oAl directsimage ightd 644 in the seasad coloo bansnttheneculisc@dor

| rated in FIG 1. The PBS 1624 nay provide
co%*%n%’?bém conpensation to the reflected inmage |ight.

The ThéRERM 639 ABheMird dHdrARd W\ Brelfed T b ShikPHRERS Pid63a a

el enents, such as_a retarder 25 elenent, to provide
thrd MBS B8 Thelthird PBS 1648 mey atdvide astigmatisns compensaisan torlight in

xim ze . contrasgt. i.n the i e light. . Th emaj ni_n
o Py rie R et B Ros i ieh LS ot cotor
bein@TBkHY 06ubd @Bir bBRthek $6300en I nci dent on a second
col or separator 1634, for exanple a thin filmfilter

or t hee inage lighbl 28p thidend 165¢ it thi diast) s6@61 and third ealonblands
. color hand and.a 30 light b 1638 in.a third caol or
isgomBimed e thelieR palty opfbinge FRDlautl detioa s b dHlqI maze beam
to?édjgg@ﬁcﬁﬁoﬂtfés 2652 RMsliza 1By ?d'tatilr%g)ti\éé %dﬁl’ ?&%ﬁ&%gﬁ%lf-wave

. The second PBS 1642 nay rovide astigmati sm
repoigionpdatesorr thelike, giay beprohdedstwenh the PBS’hki2d, 12eind 1648

ond 4 2004/.06 PCT/ US2003/ 036955 i nager 1640 .
iy @R icubr FIGECMMRGE 150 46 Santion hegelaataRp ke Dafkpombined in
h i mpl pen i ght 38..1
tht Reduibe SOPcSiRbAE: 1620ITHY (IR htI Y pobhBidludiifng
opica 1654 angidisporEddetgerd. thaTheubdéalok deBHiddr4830rand fhe divstdPBS and

ast Ism nsation to light in 5 the third
t@@?ﬁg@m@ﬁgﬁghl rd i mager 1646 directs inmage |ight
16500} b4 6hi el B o
conbi ne?DE 1 Sl%gférﬁlel&ﬁiﬁgfg]ges ?i g tId%Ga%g,E %%ggﬁéﬁlfg@wrﬁ n
beammepliter{PBS} @s discusaeitinthSr Patemt|Nw. 6860897, Howeoeh oihefPBS’s
n the x-cube col B(@gcon‘oi ner 1630 and directed as a

thit pgorpeiais PRS0 BE AT, o BRI ok axwhish e
o ALibE O SRt Al BOreRRbce  ivhant enfBlomapal. principal
axps of/ihe &M Soimuekarcontrast, RAS $ndiBartesl6viPBS\tbe p6148zatidA @ the

t he x-cube col or  conpiner 1630 to control the
etz eaue SNl depedent e Agle phincidsaceafshebeams on the

D T
layee} togeovitib estignttibe cont@lonee doidieed OGS, 2a@nt Agplidafiss Serial
Nos-00/878,559 and 10/159,694. U.S. Patent Applications Serial Nos. 09/878,559 and
10/159,694 also describe a variety of imager system configurations that can be modified
according to the presént invention to include the optical adhesive layer(s) and index
matching layer so that a PBS can be mounted onto an x-cube color combiner, as
described below.

An example of a Cartesian PBS is a multilayer, reflective polarizing
beamsplitter (MRPB) film, which is formed from alternating layers of isotropic and
birefringent material. If the plane of the film is considered to be the x-y plane, and the
thickness of the film is measured in the z-direction, then the z-refractive index is the

refractive index in the birefringent material for light having an electric vector parallel to
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third PBS s 1624 and 1648. 15 One exanple of a
suitable PBS is the wide-angle Cartesian pol arization
woeeammpkdiiter (PBS), as discussed in U S. Pat eRCTNS2003/036955
6,486, 997. However, other PBS's that incorporate
prisnms can be used. A Cartesian PBS is a PBS in which
the hghrepmfarlﬂsamse,rth@ K-refegetive insleh ésilrs réfractivg mdenuetiet o

var pera ort.hogonal rinc
bigghb b et R R el SRR oot o i reghon and
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1tst eﬁecthe segompardlled to ABS-dirEbttorPBBhecarefmbive indeooftbe hirefriagent
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AT R AR B8] Sl R Ko o
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er, s m conf i gurati ons, t hat difj.ed. 25
h@é@ fagiz mt eb’ﬁ’éref:‘)‘il%‘s t@“ﬁi‘}gﬁpg&} %‘ZP‘EE} &-qiyggtion.
t
op '@ﬂé E; Can Ene Mt il isAWatcRGEXind %Esﬁhg& MBAPBY £iBR, in

t hat nmounted onto an X-cC
whmh‘mhmrefraaave nhdexc of the Hirbieingent ndateriat dnqubstantially the same as

cHE et EH196KYS AP the Ve ORI et of le UG TAESH materel. The
M ‘i‘ﬂ:.’ﬁgfab B??J c?eﬁ&‘ib%d% U, §?afe%@ Wﬁ&d@ S 1114 giﬁ{‘itm;goved

nmat er 'ane o S consi dere

tybbef XEAIP mlmnhavnagmhctebsbd lifétirnd, nrseﬁPEff/CﬁPéE'If PCHG & the
nmeasured in the z-direction, then the z-refracti

aliespating;layert as isdepqribet v B-§. Aot Aﬁpleq%l% PPl NG 88%3 8,575.

o Al B ] C6hOLE PR W16 v

agZandVIZER filra enchdcd deivecen plibds Xk @tiereao réduee bnaédmiz: thée
refractive index in the birefringent material  for

birsfijRgenea veshlingtitone %ermlbtmdwdéfreﬁaﬁ gAused byt Righ fgensity hght
ot GBSO Ry el SR MBI, Ry vt

cdaffi¢ienth Otiend thd instehiRshile natevigRtioF thmqmaﬂ)dse lard @adsbemarketed
y-direction. The x-refractive index of the

ulmer éh@ﬂ;m 53 (&ﬁloétrq‘ﬂass Teshuolegien Maing, |C§ﬁrmh@v)s%BH5%é0hara
CREFUE RAafSpLPPEY, S5 R CB-ERbEr PRl s e

roftevd iabet 6f 4bolif ERENt fromthat of the |sotrop|c
material. |If the |layer thicknesses are chosen

cor r weln;xhis ¥ ifdek laseis|used, shegefipefive inqqu@qftthMB Al is
tyiphcg IX ‘feg,g }Igal({}{tﬁ g Ifal% s‘?}.lnrgundyngflf,,;1 ﬁrrférrtlss I!“ or %nggl%l e re%factwe index of

an MZIP film is approx1mately 1.56, and its thickness is typically around 125 pm. In

assembling the PBS, the MRPB film is attached to the prism faces using approximately
25 pm thick glue on each side of the film, with a matching refractive index of about
1.56. One particularly suitable type of glue for use with an MRPB film has been found
to be Norland 61, manufactured by the Norland Corporation. Together, the PBS film
and the glue form an inclined plate of refractive index of about 1.56 and thickness 225
um, lying an angle of about 45° to the propagation direction of the light. This relatively

low index plate, within relatively higher index prisms introduces astigmatism to the
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One exanple of an MRPB filmis a matched z-index
pol arizer (MZIP) film in 10 which the z-refractive
wondeveofiit he birefringent material is substanPCalusg003/036955
the sane as either the x-refractive index or the
efractive index of the birefringent material. The

%ﬁedlgh. L Ashgmatisarts aqueblemdariight that Bas men eeficsted bya@ ifAger.

f . fil havi
CHE B30 e ) S BERYRE 5 B R e B0t
ofthigh imtekimgertidYaich as agldsssl aRdhé MAP SimPRBal %HI: of the
Application Serial No. 09/8 575. 15 As indicated
PE#BY are daserieadipdforerample, Gy P@smtmmprhssmrs SarialNRRB09/878,559

' as an MZIP film encased between prisns.
a'{ld iég]rl%%lrﬁg{o reduce or mnimze the birefringence

r es ulAni opgichlredshdi of 88t 190 IEHGRRRILY SIRRBInIALS 8 ?% Mg ate the

high intensity Iight beans, the prisns are pre
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PBH55 (Chara. Corporation, agavva Japan), ?—"g g
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oS P A T o
surfhet ¢av4 Nf the $§8ﬁ§&ﬂ'@ PEY, aGfrstldpBicAWhRAERY 1870, 2 second

For exanp e refractive i ndex of 25 an MZI'P
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R T ST
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refractive i ndex of about parti cu
rosajingppkies tsquoaid lytwieenf apparticianitBharaithd/R516r éodﬂﬁmhas typically

fact d by th
i FaoE et LRt ¥iigRe ROMIZNE oPBENA0nE e RAFY ¢ he
aboun 13 LaEriaAF | ARAdRL @7 SURG ERliAR bt bIHES Wiycen
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thf ke Sp e S et e dBt O g ot PHeTiY (i
2R, %%é)kﬁaﬁ%&ﬁ%%@%ﬁ%&&ﬁﬁ% BPBE rds k)&ﬂ‘veP S 1624, 1642, or

Astigmati'smis a pr een
1G4§fhaean euflehpf asfractimgen. Théensd ﬁndi«tdstblﬂ geffa@tion EGLK fWBstantially

. t | udi t he introduction of an inclined
ciRienE Bt et g | gy Iygeriemhathe lagecs fop Airepaihe sreater

thB Bb1eRRA1 rbAstiVRY Bt thb iRl 99Ficaity, HEindex of the optical adhesive
layers 1660, 1670, and 1676 is selected to be substantially the same as n;. Generally,

-

the indices of refraction of the optical adhesive layers differ from n; by no more than
0.1 and typically by no more than 0.04. In addition, the polarization rotating optics
1654 (for example, a half-wave plate) is typically selected to have an index of refraction
that is substantially the same as n; (e.g., the index of the polarization rotating optics
differs from n; by no more than 0.1 and, preferably, by no more than 0.04).

The index matching layers 1662, 1672 are disposed on the respective PBS’s and

are selected to have an index of refraction n; where
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prisnms, are described in, for exanple, U S. Patent

Applications Serial Nos. 09/878,559 5 and 10/ 159, 694.
wénoapesaal el ement or core 100 i s schemati cal PgTRIS2MB/036955

in FIG 2 to illustrate the nounting of the x-cube

col or conbi ner 1630; PBS s 1624, 1q/|4212, and 1648; and

pol ari zation rotating optis®@e542) Tn particular, PBS

' - , nbi 1630 .
073 AT BT S B
gemirally aegeptabieto dilbwl e PirkHOS BOmOMisAdSH VARE Bedbécihges in

the PBS 1642. PBS s 1624 and 1648 are nounted onto
devige Roperbies atslageepiabibion sichissations. ribhecamaumtl ekvariation tary

r 72. Qi sposed on a sufface 1674 of the
At ot b ERGS Rl denfiily B e Fom P 0 s
asd 1y piralip 6 P1RAvitHH 4 %PdndAHRA Witheh L2ME1Tn 8@3&%&1& dxfaple, the x-
polarization rotating optics 1654 di sposed between
ciheccolqricembiney hesabindeopt fefradtiondifd si2y thel giase pismd h&the PBS

t1G a ive | S 0 670, .15 and 1676, can
iR HERboton o2 p 1R R Ao RGBS Svireien of
rePRkasn Hatht ehge 0O Bltb NT60PeFEsb1Y & @ Iot
particular P % and the col or c%nbt?iﬁzﬁ%iéggtl%it%\g%yﬁdmom

prgErablitim g rangedddiG5ad 117. dFite qpsic#l adhebivenesep ol this exatmipbnhas an
. of || | t th, Thi. t ] i ded
il bl b Ry Bl el hos iR i o BP OB,

mat eThéindlex h[htd?ﬂ’ﬁ_ﬁ TaGatcah be hiafe H%ih% ?ﬁf@g&%ﬁlrthmgﬁk%quisite

_I%I ass such as BK7 or B270 gl ass e X-cube
o of refiaativomand ig s@Btansislnimarisndssivedbt leadt O4Y4 tramsmissive and

pRRF B S el YR ey St Seotiniershtiymiently
oV 4% V15iBlcAp bR br A 1edsebiaid i?ﬁ‘gf tgggﬁéﬁuﬁw o %jd, S¥een, or
ally differen (gf or

of refraction can be substant
blog anrions of thelspectrum, Idirect®d 2)the partigelacPBS). Thednder@stching

the difference, th reater the potential ) ]
layerip g‘%’t‘%@?’?@“@@ %UHEG pRreprale sirfagy i thgNBP. Rommatiepjetithe index

; ' ' 0 676. i S

bRk P BCPERIERA B (<GS sl T 197 S,
spGerang livry platingydon asdistedevaforatidn; and thenikef t he opti cal

adhesi ve | ?/ rs differ fromnl by no nore than 0.1

and e Ogl%w’rﬁslfﬁ%ﬁsel 68%H AP BS 54,6241 648 cand; 1648 arqeovered

j i r ti ant | ] r. I
R R IBSh, AR tert i o b i SR g lavers and
methddsfoo tispesing titei amntireflebitdn lager dulpsisanduratdsiard htovapdiil @s
x of the polarization rotating

geg:.lﬁ{a?lg@% é‘ée‘{i rﬁgié{]@%fl? Being guided todhrayeh ﬂtemmi ggt_iqp B¢ for
AP 61 3enken WhoP QurdRA chidtiga Ryt or 0%, Ol T8RS

PRS'd 1624,6l 642) it 16d 81 Optianalyatheiaderscaf 16861doaet h&a t68e

ere
ﬁnvl\'ghed (for example, made clear) or covered with an antireflection coating. For

example, the surfaces 1680 can be ground glass surfaces. This can reduce the cost of
the PBS, as well as facilitate distinguishing prism 1690 from prism 1692 during
assembly of the core 100. It is important to be able to distinguish the two prisms 1690,
1692 because 1690 includes the index matching layer 1662 or 1672 disposed on the

surface of the prism.



7 WD 2004/ 064411 PCT/ US2003/ 036955 n3 z (nl1 * n2)1/2
Ideally, n3 is equal the value on the right-hand side
wofhodhvesmguat i on. However, it is generally aceepuamios/n369ss
to allow sone variation fromthis ideal value because
changgs in device properties are acceptable for such

devi dF rsentTREND ahnultbﬂot\Immbasijicrnd tnited tajgp?fadiw?r
<t PR R e it sy iEES RodotaShs Kibvm il et

irvieh®eh 29 faftlyseRdt ih hORBCRATAdimY! §ari6 Jii%catﬁcﬁﬁ,o [uivalent

cube col or conbi ner has an i ndex of refractio
PIoCESEes, tah wel]| ag aymerdus suaires toew BB thehmreentinventibevmayf be

refracti. of 1.85 a he ipdex.matching | ayer has
a%Pﬁmf‘ﬁ% &HE’F rear‘é‘é’ PREA F&?P i%tP?s? ﬂgﬁ?@ an@le@%'t tq Whighthg present
ifvegficH Bldinécted u ificaf; &
preferably in ?ﬂgreﬁﬁggﬂg‘% pl%seg% Sl%égl%aéén'T @éjglgﬁsc%%%tended
toepvessugh meghificdtions mddeicespl e has an i ndex of 1.56
and the half wave plate has an index of approximtely
1.6. The index matching | ayer can be nade using any
material that has the requisite index of refraction
and is substantially transm ssive (at | east 95%
transm ssive and preferably at |east 98%
transm ssive) over the wavel ength range of interest
(typically 15 over the visible spectrumor at |east
over the portion of the spectrum e.g., red, green, or
bl ue portions of the spectrum directed at the
particular PBS). The index matching |ayer is
typically fornmed on the appropriate surface of the
PBS. Formation of the index matching |ayer can be
performed by techni ques such as, for exanple,
evaporation, sputtering, ion plating, ion assisted
evaporation, and the |like. 20 In one enbodi nent,
surfaces 1682 of PBS s 1624, 1642, and 1648 are
covered wth an antireflection |ayer. A variety of
materials for used in antireflection |ayers and
met hods for disposing the antireflection |ayer on
prismsurfaces are known and can generally be used.
Light this is being guided to through the projection
system for display on a screen is not generally
directed toward or away from surfaces 1680 of 25 PBS s
1624, 1642, and 1648. Optionally, these surfaces 1680
do not need to be finished (for exanple, nmade clear)
or covered with an antireflection coating. For
exanpl e, the surfaces 1680 can be ground gl ass
surfaces. This can reduce the cost of



the PBS, as well as facilitate distinguishing prism

1690 from prism 1692 during assenbly of the core 100.
woORo0Mee4TpOrt ant to be able to distinguish thePCwws2003/036955

prisms 1690, 30 1692 because 1690 incl udes the index

mat chi ng | ayer 1662 or 1672 di sposed on the surface
Ml@&l\%ﬂ sm 8 WD 2004/ 064411 PCT/ US2003/ 036955 The

present invention should not be considered limted to
the particul ar exanpl es descri bed above, but rather

shoulld be Annsiicslt diflert CotprBingal | aspects of the
invention as fairly set out in the attached cl ai ns.

Var i 89elorperbingrt i ons, equi val ent processes, as wel |
as ngmerous Structures to.whi ch.the present invention
1

may BEOETANG BCAIRRILeR COPPLSNG ARHSTY apparent to those
of sk iddek MdidHin@aber dspdidcdh 4 fRrRE s%e?fifsf;n(% fg]&ﬁ%i@g

directed upon review of the present spe
bedregphitteapnd | nt ended to cover such nodifications and

devi ces...9 2004/ 064411 / US2Q03/ 036955 . CLAI M
1 A BRI ABeEE T doR s PRaeRy e 1ACdnaF g eI
s@f4ee lof fHeZdolt coRdIERtd mb&it tE@ﬁmﬁﬂizﬁhQQeﬁ?dﬁﬁﬁéﬂUm@ﬂw'cg T

mat chi ng | ayer disposed on a surface of "'the prismo
cerhbingw| ari zi ng beansplitter; and an optical adhesive

| ayer di sposed between the index matching | ayer and a
surface of the color conbiner to nmount the polarizing

beanmspl i t 1g8E oPikaP clehintCoH Blim 1€ AFHeP Bomprsind "€ OPLI cal

element of claim1, further conprising a polarization
r ot at polgrigdtementatidg sleometdibmsised betwebtrethepptica ladhahedape and
I(afﬁ r ang. t he .col or conbiner; and a second opti cal

th COmbIeLand i sposed between the pol ari zati on

r ot aj kfgnd BhEEE WnRRA 152 dsHIsRA bERERL B¢ polarization rotating

element and the color combiner.

3. The optical element of claim 2, wherein the polarization rotating element

comprises a half-wave retardation plate.

4, The optical element of claim 1, wherein the optical element comprises at
least two polarizing beamsplitters with individual index matching layers and optical
adhesive layers associated with each of the polarizing beamsplitters to mount each

polarizing beamsplitter to a different surface of the color combiner.

5. The optical element of claim 1, further comprising

a second polarizing beamsplitter comprising a prism;

a second index matching layer disposed on a surface of the prism of the second
polarizing beamsplitter;

a second optical adhesive layef' disposed between the second index matching
layer and a second surface of the color combiner to mount the second polarizing

beamsplitter onto the color combiner; and
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3. The optical elenent of claim?2, wherein the

pol ari zation rotating el enent conprises a half-wave
woeb@rodatiion plate. 4. The optical el enment of eCaiused3 036955

wherein the optical elenment conprises at |east two

pol ari zi ng beansplitters wi th individual index

mat c Rt pelgazing Emapﬂit’cemmpriamg@qmsm,l ayers

a550| with, each of the polariz ter
R bR &Psseeﬁronsapﬁurf%e%?fb e Paem of 1t

psmﬁﬁ@g@egﬁﬁﬂﬁ@r@ghor conbi ner. 5. The opti cal elenent

of claim1, further conpri si ng a second pol ari zi ng

bearms [ﬂllrd Q}étcab@dhgmvs layer disposedsbgtweersthe thich indebematching layer
osed .on a su t.he prism of,

a‘i‘n%% ek %%tPsP? d@a%me a?q“tni @F?hlafl ReidriBgE BpAmsphifter

oﬂ{@h%bd{&é@}ﬁﬁerdl sposed bet ween t he second i ndex

mat ching |ayer and a second surface of the col or

conbi ner to nmount the second polarizing beansplitter

to,th | 2004/.064411
per/ 20036 SReGET R ot<TRtR Spter R
CONPE ifigdt 'i’oGlaﬁzﬂ’t'idnSﬂaatﬁ 'ét&l{eﬁt di B’&?‘fé E@&rﬁgroptical

di sposed on a surface of the pri
wﬁu$a®ﬂ%wngubéangbrpmn@mmrand a thlrd optlcal adhesi ve
| ayer i ndex nmatching | ayer

di t th d
o QPR e8] ARt Ry Hismostaek Eip e BFSt pplefigation rolgting

ereﬁieﬁﬁmﬁqh@édlsfwnﬂaﬁampl itter onto the color
conbiner. 6. The optical element of claim5, further

conpa seriond palafizatim rptatiag e]zenienbdlspase@bd:twgerethemrd optical
i Spo econd_ optical adhesive |ayer
@ﬁﬁﬁ' GE@F%¥?88H%PWE’naéaW%urth optical adhesive
Iayegﬁgh f I
el o h IR AR Boscl e R 1 (kB Ul AliBh i Ping
elementt anddghetdorcumbihaposed bet ween t he third optical

adhesi ve layer and the color conmbiner; and a fifth
opti cal adhesive |ayer disposed between the second

pol af | zat 4R0GLRLALERGNt of claim 1, wherein the color combiner has an index

of refraction, n; the prism of the polarizing beamsplitter has an index of refraction, ny;
and the index matching layer has an index of refraction, ns, wherein n; is within £4% of
(nl % ]12)1/2.

8. The optical element of claim 7, wherein n; is within £2% of (n; * ny)'/2.

9. The optical element of claim 8, wherein n; is equal to (n; * ny)".

10. A projection system comprising the optical element of claim 1.

11. A method of making an optical element, the method comprising:

disposing an index matching layer on a surface of a prism of a polarizing

beamsplitter; and

11



el ement and the color conbiner. 7. The optical elenent

of claim1l, wherein the col or conbiner has an index
wohowu@bsact i on, nl; the prismof the pol ari zi ngCT/US2003/036955

beansplitter has an index of refraction, n2; and the

i ndex matching |ayer has an index of refraction, n3,

wher gloiniggs the palarizing beemeplittef nhto*a qoRyr kombher ith an optical

. . . , S 5
RS ARyl e S Gl 0 o e S
wherein n3 is equal to (nl * n2)1/2 10. A projection
system conprising the optical elenent of claiml. 11.
A nethkod gge mekiodopfzhrimdil| futheedcanmising t he net hod
conpri sing: i SpQsi n n index .mat chi |.ayer on a
o T BSEnERE & Qe Bonola i pEED: SR e aiebe e ke
cdlér XENHRALBRAA SEN O Wﬂ}r L I -
ol ar ibzf)ii %gdsbearrs p?i ttrgdré ont gélgéggﬁe co %énggalf}m%ﬁng%tatmg
elgprentcand thelbaer cambingrer bet ween the i ndex mat chi ng
| ayer and a surface of the color conbiner. 12. The
nmet hod of claim 11, further conprising nounting a
pol ans zat TRSmfeficalds %&ilﬁh?!@ﬁémfﬁ%g\gﬁgﬁie{?ﬁnqg@ﬁ%% Aement
| ayer and the color conbiner using a second o P Car
cordprasss a dalfayaye rbtetdademplatee pol ari zati on rotating
el enent and the col or conbiner. 13. The net hod of
claim 12, wherein the polarization rotating el enent
conpiises = 2ith 94 2 AL, . .
nmet h (E)Jél of T@? g?ﬁof\f?\é@g?tq I’11’e r c%ﬂnc'% ?llpgies §§ lr%g%aélg]lgiﬂ;%&ts PEe and
mousiggsstepy tamtbunteiisdst oge sddétirmal golamzing bédmsplast ordhthe color
addi ti onal pol arizing beansplitter onto the col or
C¥BMBfner. 15. The nethod of claim 11, further
conprising disposing a second i ndex matching | ayer on
a surface of a prismof a second polarizing
beantpl i t The methodnif clagm tl hefustherasaehppieingr | zi ng
beangplitter onto the color conbiner wwth a  second
opt | EEPOsHARscoRd Indek magrdingdayer op @ syefacsf a prisaxof a second

pOBLSRE Berh@YREr and a second

mounting the second polarizing beamsplitter onto the color combiner with a

second optical adhesive layer between the second index matching layer and a second
surface of the color combiner;

disposing a third index matching layér on a surface of a prism of a third
polarizing beamsplitter; and

mounting the third polarizing beamsplitter onto the color combiner with a third
optical adhesive layer between the third index matching layer and a third surface of the

color combiner.

16.  The method of claim 15, further comprising
mounting a first polarization rotating element between the second adhesive layer
and the color combiner using a fourth optical adhesive layer between the first

polarization rotating element and the color combiner; and *
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surface of the color conbiner; disposing a third index

mat ching | ayer on a surface of a prismof a third
woabaroczding beansplitter; and nounting the thi PAT/US2003/036955

pol ari zi ng beansplitter onto the color conbiner with a

third optical adhesive |ayer between the third index

nat c FOHBLRS sgconsh aolanmﬁommung elemenifbetwieen thethird adhesive

nethod 15 urt her
RRAIEE cordPeontreqeiriet 72k oL inesive ifes ifesnge seoond
pellaﬁmia)h rbtatmgelenfeﬁea@%QMO@&ﬁ%ﬁeﬁe layer and the

col or conbiner using a fourth optical adhesive |ayer
bet ween the first polarization rotating el enent and

the col 644
per) B0 50 30URE of iRy here@dRo ok isFarine es g inder of
rofatadi, g (B HBALf BRIMRAD e Rablir AENGSINE, AN,

the col or conbi ner using a fifth optica
andgiae indss tuasehing layersos en dndep off safiaztion, o, wikdraihing ¢ within +4% of
(eue nt and the col or conbiner. 17. The nmet hod of
I ar 11, wherein the col or conbiner has an index of
refraction, nl; the prismof the polarizing
beansplitter has an index of refraction, n2; and the
i ndek8.mat The mgthod péclatmd 7 amhéreid e isoithiatiae b @R # ngyy2,
wherein n3 is within 4% of (nl * n2)v2 18. The nethod
of claim 17, wherein n3 is within 2% of (nl * n2)1i2.

19. Bre, mehdiackiel of LAl SvnatRiS el bTnPAHGY 0 (M

13



