WO 2010/059681PCT/US2009/064927 COLOR COMBINER Background Projection systems used for
projecting an image on a screen can use multiple color 5light sources, such as light emitting diodes
(LED's), withv@ieH/A3%8lors to generate the illumination light. Several opticBf &/[EREMYER Tisposed
between the LED's and the image display unit to combine and transfer the light from the LED's to the
image display unit. The image display unit can use various methods to impose an image on the light.
For example, the image display unit may usg gelgiiztigMaawiip transmissive or reflective | Oliquid
crystal displays. Still other projection systems used for projecting an image on a screen can use
white light configured to imagewise reflect from a digital micro-mirror array, such as the array used in
Texas Instruments' Digital Light Processor (DLP pgli dn the DLP'm display, individual mirrors
within the digital micro-mirror an-ay represent individual pixels 150f the projected image. A display
pixel is illuminated WHEIE¢HECHFEEPDRYA GBI iR §9aBaPThe RIERRIIGM 1eeIfuLiBdGsRiahe

projected optical n@fiicAsAlRHNY FelRWRERLRIRLRY WHIWG ARUGALRAN R JIRia thad gilection of
light from the digital micro-min-or array, so that the reflected white light is filtered to project the color

corresponding BHatNRAILih S AgTAORTCH SIHmenta s disrRsst dritceradtes B he g dhrtnegtpixel
color, and thejRingessis RO Alusvai R aridisateriiatithe emivepiaieripgd dispiay apRears to be

continuously illuminated. The digital micro-minor projection system requires fewer pixelated array
components, Wik disRlax Hi %@ﬂw@w@ﬁ@%@;géﬂﬂs inERROBR i IRES RIEASHBHrEN parameter

of a projectiog,gysHeNhEN:BEoNNRSS dnPheglasdighlsourcss andithe ehipieRAeSPFIRIERING,
combining, ho‘mo]‘%enizin and delivering the light to the image display unit all affect brightness. As the
size ofnodeifIPit IR A/SRME decreases, there is a need to maintain an adequate level of output

brightness while at thg|same: {iof-kesPiIaBR3tREATUEBEL RIS GRIRRIGNE SaUsesAta |aw level that

can be dissipated in a small projector system. There is a need for a light
white light configured to imagewise reflect from a digital micro-mirror array, such as the

array used in Texas Instruments’ Digital Light Processor (DLP®) displays. In the DLP®
display, individual mirrors within the digital micro-mirror array represent individual pixels

15 of the projected image. A display pixel is illuminated when the corresponding mirror is
tilted so that incident light is directed into the projected optical path. A rotating color
wheel placed within the optical path is timed to the reflection of light from the digital
micro-mirror array, so that the reflected white light is filtered to project the color
corresponding to the pixel. The digital micro-mirror array is then switched to the next

20 desired pixel color, and the process is continued at such a rapid rate that the entire
projected display appears to be continuously illuminated. The digital micro-mirror
projection system requires fewer pixelated array components, which can result in a smaller
size projector.

Image brightness is an important parameter of a projection system. The brightness

25 of color light sources and the efficiencies of collecting, combining, homogenizing and
delivering the light to the image display unit all affect brightness. As the size of modern
projector systems decreases, there is a need to maintain an adequate level of output
brightness while at the same time keeping heat produced by the color light sources at a
low level that can be dissipated in a small projector system. There is a need for a light

30 combining system that combines multiple color lights with increased efficiency to provide
a light output with an adequate level of brightness without excessive power consumption

by light sources.



30 combining system that combines multiple color lights with increased efficiency to provide a light
output with an adequate level of brightness without excessive power consumption by light sources.
WO 2010/089334POI$52009/064927 Summary  Generally, the preseM(de8eAEe4Aates to
optical elements, color combiners using the optical dements, and image projectors using the color
combiners. In one aspect, 5the present disclosure provides an optical element that includes a first
color-selective dichroic filter having a first input surface disposed to transmit a first light beam
perpendicular to the first input surface, and a second color-selective dichroic filter having a second
input surface disposed to transmit a second light tﬁéﬁﬂi"ﬁé’ﬁbendicular to the second input surface. The

optical element furthgeigelges & grilesties BokFSklaming Sy Liehavingatelsri@ Relaezer disposed
between a first retarder and a second retarder, wherein the reflective polarizer is disposed to intercept

the first light Be4s hA @RHEL SLIRN iy A dBREAPEN SR WS BROSHRA R RE &8 g lBee dWPRAt the first
and the secopd ligh{heam-AIaRopBInes e preandninralintical Relasized ighdy-Laiyelanother

aspect, the present disclosure provides a color combiner including the optical element. In yet another

15aspect, thelidoinidrichszing pFovidervh wrdprsydipsess indraeyt ad Hvdighbsamel and the color

combiner. p@@H@&ﬁﬁ@@ﬁ@ﬁ%ﬁi%ﬁﬁ%&ﬂ@%ﬁ%@d@%‘d%150?-@&&@{?@1 &lamnptthatiacliges a
first color-selective dichroic filter having a first input surface disposed to transmit a first light beam

perpendiculaf 5 $RBip Y pReH isRosdd ttsBesHbic e sElighihs e Assre PhfweF FatiRg a second
input surface disRepegieiRsRItiasepans babramRernRNdicyiardadhe sernd ipmhiiace. The

optical element further includes a first reflective Eolarizer laminate having a first reflective polarizer

dispos@d bethedRsAd seliNFRY aeradisnansd betwicsara RS AstArdrs st apndecbishizer is
disposed to iN&ﬁé@@ﬂ&ﬁ&&l&%ﬁ%%ﬁﬁ%@@dﬁ%@&%\%{@B&@Qﬁmﬁtﬂgﬁﬂgﬁrﬂfaﬁ@%@%@&t@y 45

degrees; and a second reflective 25polarizer laminate having a second_ reflective polarizer disposed

between a thitdHepsAdR PR IS AT PRISFIRR GRS arre ser i HaniBrthanp disriserid figosed to
intercept a refestearfiAbi SERAGE tehibhearelfipm dhsoiisizrafiggtivapolatizsianipate, atan angle

of approximately 45 degrees. The optical element still further includes a first reflector disposed so that

a line normal REFHRBHAsE lene Rt sRlaneembineracivtinsoihriortical stenchg i archppediiately
45 deggees, aRfpcatsaromds@ieieldizppsed & halspliPeystem including an imaging panel and

the color combiner.

In another aspect, the present disclosure provides an optical element that includes a
first color-selective dichroic filter having a first input surface disposed to transmit a first
light beam perpendicular to the first input surface, and a second color-selective dichroic

20 filter having a second input surface disposed to transmit a second light beam perpendicular
to the second input surface. The optical element further includes a first reflective polarizer
laminate having a first reflective polarizer disposed between a first retarder and a second
retarder, wherein the first reflective polarizer is disposed to intercept the first light beam
and the second light beam at an angle of approximately 45 degrees; and a second reflective

25 polarizer laminate having a second reflective polarizer disposed between a third retarder
and a fourth retarder, wherein the second reflective polarizer is disposed to intercept a
reflected first and second light beam from the first reflective polarizer laminate at an angle
of approximately 45 degrees. The optical element still further includes a first reflector
disposed so that a line normal to the first reflector intercepts the first reflective polarizer at

30 an angle of approximately 45 degrees, and a second reflector disposed so that a line
normal to the second reflector intercepts the second reflective polarizer at an angle of

approximately 45 degrees, wherein the first and second reflective polarizer laminates and
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normal to the second reflector intercepts the second reflective polarizer at an angle of approximately
45 degrees, wherein the first and second reflective polarizer laminates and WO
2010/05968WOCTIVE26819/064927 the first and second reflectors cooperat® S/ HEPEFPIT and the
second light beam are combined into a combined elliptical polarized light. In yet another aspect, the
present disclosure provides a color combiner including the optical element. In yet another aspect, the

present discloguig Rraides A& IpIaM Y FSSPIRHLY I8 hiTRABAPHRRL BN Yo aRmbiIner.

In yet another aspect, the present disclosure provides an optical element that includes a first

color-selectiveoHieHreriRet sRIVRIg RHIPHBLPSlviZed Hedbodeaebanatsimsrehtsthighesdm

perpendiculag{gbmﬁl{g%&p&gssy _EGIS? céﬂl@iﬁ_&%@ﬂ@iﬁg'%é%%ﬁ@&il\/_&éméﬁ@i%i er WH&Q ap&gond
input surface disposed to transmit a second light 10beam perpendicular to the second input surface.
The optical el@fBissraiABE IIIRIBL Y frs erditelx &y psmrireldifgsadnsinsarstisndthsctRi®holarizer
disposed betwggapigdirst retarder and a second retarder, wherein the first reflective polarizer is
disposed to intercept the first light beam at an angle of approximately 45 degrees; and a second

reflective polarizer 13RYsht@ PRGNS e timpr resridivel protsrier ispar antishtarcatiiitd retarder
15and a fourth ¢piaederwhesRindhesrenehisilestive RRRALZErISHisRRSARISRISHE SRS the second

light beam from the first reflective polarizer laminate at an angle of approximately 45 de?rees. The
optical elemetit&tiifrdiet et Bewnnracndhetrtaidsdist Bpuhar S ine R Anss B 458 st reflector

intercepts thesfikgtrefiarivei PHREZEL AR #0811 %@R@@ﬁ@@&%ﬁéﬁ%&f@ﬁsﬁnﬁra%@eésﬁ@@f%@hreﬂector
disposed so that a line normal to the 20second reflector intercepts the second reflective %o arizer at an
Atk

angle'dr apprBsdmdeipeadiaulgrde dhvicsnsih ipativatane sERopRtcH staveb SheEinsifas and the
first and secopgteffreievs ﬁ@ﬁ@i@é@@rﬁﬁﬂﬂ@h&%ﬁ@&ﬁﬂqéhé&i%quaﬂ%F Q%@H&&[ paakineGripto a

combined elliptical polarized light. In yet another aspect, the present disclosure provides a color

combiner incRiHEFtrEGptiesPRIiiRIe et s dtirditasprdlactie PRIt ssdhgssdife BistiaRs a
display systemdistdipat 3R4madicaRaRel R ibe salorCoMRingts; and YetArOkREAsReCt, the

present disclosure provides an optical element that includes a first color-selective dichroic filter having

a first input sOAKEE T yBLRe Byt cPRAKS RSt iBe RRTsEpitnestd e wre Tirdhispd iR tatifEce, and a

secong color-geiectieHichsadefiNaidnaving: axeaandfispulspsiasedisnnsaskéa thansrit s second light
30beam perpendicular to the second input surface. The gptical element further includes a first

reflective pol AT AEM S MAUATY BiUSEHLCEN ROIRFFET HORdE 4148815 96 DR ot ber,
wherein the fustdgisseler indisprseditonsntesaaruaefirst lidht beast @A disposed so that a

line normal to the first reflector intercepts the first reflective polarizer at an angle of
approximately 45 degrees, and a second reflector disposed so that a line normal to the

20 second reflector intercepts the second reflective polarizer at an angle of approximately 45
degrees, wherein the first and second reflective polarizer laminates and the first and
second reflectors cooperate so that the first and the second light beam are combined into a
combined elliptical polarized light. In yet another aspect, the present disclosure provides a
color combiner including the optical element. In yet another aspect, the present

25 disclosure provides a display system including an imaging panel and the color combiner.

In yet another aspect, the present disclosure provides an optical element that

includes a first color-selective dichroic filter having a first input surface disposed to
transmit a first light beam perpendicular to the first input surface, and a second color-
selective dichroic filter having a second input surface disposed to transmit a second light

30 beam perpendicular to the second input surface. The optical element further includes a
first reflective polarizer laminate having a first reflective polarizer disposed adjacent to a

first retarder, wherein the first retarder is disposed to intercept the first light beam and the

3



WO 2010/059681PCT/US2009/064927 second light beam at an angle of approximately 45 degrees,
and a second reflective polarizer laminate having a second reflective polarizer disposed adjacent to a
second retaf@20\HEY$ the second retarder is disposed to intercept a reflBEEY$A46d93écond light
beam from the first reflective polarizer laminate at an angle of approximately 45 5 degrees. The optical
element still further includes a half-wave retarder disposed between the first retarder and the second

retarder, whegelfyieifiehen seaonfietaciironaiaries Janinates and dediall wauaetarder

cooperate so that the first and the second light beam are combined into a combined linear polarized
light having aPafigetdnpanrsn kextas msgeenthirHerthspediaripe giaressd didiaertine arowRiet a color

cpmbiner i”CMP&FD%H&@E?&%%’&IH@'i‘étdfhé’ﬁfs%ﬁﬁi@%d%ﬂﬁfér%}ﬁ preaepi-distlosHieprgyides a
display system mcludln%g(:;;g1 imaging panel and the color combiner. In yet another aspect, the

present discloSitprBVIERE e dsticlloetive RotREsh SmiBata Hrat eBre-ebriosittsksit Yilter having
a first igput s%%%%sdisme%gﬂiyalt@é}ﬁeai@ aifiratlightiberm o ipgndisiacia dee fitshidawsswdace, and a
S

second color- 15selective dichroic filter having a second input surface disposed to transmit a second

light beam pefsefitcistarder tid sbesprpisbistadracdiersia tistiat erdhierRid psHesRRIa st

reflective polajizardaginatabaying avirstgeilactbey aakrisansisposed adianentier firshretarder,
wherein the first retarder is disposed to intercept the first light beam at an angle of approximately 45

degrees; and%e<tuBhiaTe e eqsebareblnsatinaky kedilght rodes st varRletivationakser Bisisésed
adjacent to a sRARAChEBLRIdAI WRERINIRESARONYVRIA dRbIs disRMsRE WA dniensenidapiragond light

beam at an angle of approximately 45 degrees. The optical element still further includes a half-wave

retardé} dispSSEBBEWBIFtRRNPSE Asksdethsiatsatseinaursarenioy Adisnney ftendne wigsnd

reflective polagzetdaminaies and the-brRlf-vaysingtarder cooperate so that the first and the second light
beam 25arc combined into a combined linear polarized light having a first polarization state. In yet

another aspect, the PrESEARARTIGs0ret s avesh diiplostin BRRIdRtAIRRY tHectspticd B ment. In yet

another aspegiclitePresantoIsElQstea R aRidscartisPhay Sy e i neHd gfas: imaung penel and the
color combiner. In yet another aspect, the present disclosure provides an optical element that

30includes a HASSEBIGHLsishiarn ReEPRREICHTIRythe et iUt stirfarse Hdpbieand eRlAEmit a first

light beam peygendieuahteithelfshivmi sWtaeR, iapdt dresend politssleativaidickredadiighhaving a
second input surface disposed to transmit a second light WO 2010/059681PCT/US2009/064927 beam

perpendiculaPf8ThBesshieriap it disfscand P dptitiicste Hunertiiter sRanbBY hediclutetve
polarizer lamifate draingea 1t refeehive R alaviaeradisposeld adiapeniradir dlgisiasdan; yber enthe first

retarder is dislrcs)fc’ ?ec‘zatrc()iei?,tggﬁeer%}& I‘tll?eﬁf[l%tlirge‘t]a;[rgeerai?d?sq)%stgc? to intercept the first light beam at an
angle of approximately 45 degrees; and a second reflective polarizer laminate having a
20 second reflective polarizer disposed adjacent to a second retarder, wherein the second
retarder is disposed to intercept the second light beam at an angle of approximately 45
degrees. The optical element still further includes a half-wave retarder disposed between
the first retarder and the second retarder, wherein the first and second reflective polarizer
laminates and the half-wave retarder cooperate so that the first and the second light beam
25 are combined into a combined linear polarized light having a first polarization state. In yet
another aspect, the present disclosure provides a color combiner including the optical
element. In yet another aspect, the present disclosure provides a display system including
an imaging panel and the color combiner.
In yet another aspect, the present disclosure provides an optical element that
30 includes a first color-selective dichroic filter having a first input surface disposed to

transmit a first light beam perpendicular to the first input surface, and a second color-

selective dichroic filter having a second input surface disposed to transmit a second light
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second light beam at an angle of approximately 45 degrees; and a second reflective 5polarizer
laminate having a second reflective polarizer disposed adjacent to a second retarder, wherein the
second retat@R2HUISpeHed to intercept a transmitted first light beam and sBEAHESABN 942N from the
first reflective polarizer laminate at an angle of approximately 45 degrees. The optical element still
further includes a reflector disposed so that a line normal to the reflector intercepts the second

reflective polayizar b 3EaNAIR1Bh ERRINIMABEIN A P.dEIBRSo WGl RIBHIR (HatiRBd RecaAd reflective

polarizer laminates and the reflector cooperate so that the first and the second light beam are

combined intdEB RSB aEEErPRate NIRRT sHsE Poraiplatierr siapestd ydraptaditspect,

the present digelRRL &VREQVIA &R 3R R SARIINEGE aCkidip bR QRURRIRIE HERL KA MeiANAEher aspect,
the present disclosure provides a display system [ncluc&rj\%an imaging panel and 15the color

combiner.  StROpStligttthraraaharangls pfeserrdnaishite praviatsamh bireaddeisetivenat includes a
first colpr-selegfive,diqhraigfiltgrNAYINgR e iRitisH BRI i RASRALS Jmnsmitadigst dight beam

perpendicular to the first input surface, and a second color-selective dichroic filter having a second

input surface Giaptidel RereiHEmIceBE dsHIdR At dPRLH BdRseisart &R IHE b Esh Highb be¥rface.

The optical elgmeptdnatngninidaso it fieflaciveRApdEaIAGMIRAIR QaYIAg A disbreflective polarizer
disposed adjacent a first retarder, wherein the first retarder is disposed to intercept the first light beam

and the secoRBPRgRERESM 4t deeEsssle reapipicnlipiaieayt 251, Bythesingtifies seedlsatesfbrrs holarizer

laminate haVi&Qt@a@ﬁQﬁ%Eﬁﬂﬁﬂ%%Q@&%ﬁﬁ%ﬁ%?@sQﬂ&%‘é@ﬂh&q@%@ﬁ% A TRIpEdEH MpRrein the
second retarder is disposed to intercept a second light beam at an angle of approximately 45 degrees.

The offlical eRfABACSHMAIFHE AR Whentdribr gﬁ%age&wfﬁa?%ww}ﬁa% laingtRsctor

intercepts theaﬁ@%’@?efﬁf&ﬁﬁtié’(%ﬁ@ﬂﬁt@%%rtﬁﬁ@tﬁ@ﬁﬂ;@ﬁﬁ Q]Ii’é)@é‘d')'ﬁtﬁ@mﬁ&éiﬁgf@%%ﬁ%@iﬂ@@ first
and second reflective polarizer laminates and the reflector cooperate so that the first and the second

light beam aroBRigRsbiinsarintb s zshhisdtitings PoPRatA N ing Dok Potssateitsthte. in yet

another aspegteibft BIGSBMLIBERIIE PEONIE SR EIPTANI R BeR dyH e g1 Eig-ARtiI¢Aly W& other
2010/059681PCT/US2009/064927 element. In yet another aspect, the present disclosure provides a

display systeAyRrtutha S 45irlgEn BRIt Lebcomismdrcindas andmrgingpaet! 49 present
disclogsire preidesanrshtgai-element that

In yet another aspect, the present disclosure provides an optical element that
includes a first color-selective dichroic filter having a first input surface disposed to
transmit a first light beam perpendicular to the first input surface, and a second color-
selective dichroic filter having a second input surface disposed to transmit a second light

20 beam perpendicular to the second input surface. The optical element further includes a
first reflective polarizer laminate having a first reflective polarizer disposed adjacent a first
retarder, wherein the first retarder is disposed to intercept the first light beam and the
second light beam at an angle of approximately 45 degrees; and a second reflective
polarizer laminate having a second reflective polarizer disposed adjacent to a second

25 retarder, wherein the second retarder is disposed to intercept a second light beam at an
angle of approximately 45 degrees. The optical element still further includes a reflector
disposed so that a line normal to the reflector intercepts the second reflective polarizer at
an angle of approximately 45 degrees, wherein the first and second reflective polarizer
laminates and the reflector cooperate so that the first and the second light beam are

30 combined into a combined linear polarized light having a first polarization state. In yet

another aspect, the present disclosure provides a color combiner including the optical



includes a first color-selective dichroic filter having a first input surface disposed to 5transmit a first
light beam perpendicular to the first input surface, and a second color- selective dichroic filter having a
second inpWVOMa¢8Nf8$bosed to transmit a second light beam perpendiculBE TOUPRYCIA input
surface. The optical element further includes a first reflective polarizer laminate having a first reflective
polarizer disposed adjacent to a first retarder, wherein the first retarder is disposed to intercept the first

light beam angddhent Osecand igkPegia et RO RBA/R: Al SRNPYBIB IS 2 HEBILEES, A Aaaannd

reflective polarizer laminate having a second reflective polarizer disposed adjacent a second retarder,
wherein the SEEBRERIBESHGE I Hized 1Ry GRIBBEEH to intercept a transmitted first linear polarization

state of the first and_IEh?e%%ﬁQﬂfé;ﬁ'&H&@ﬂ'ﬂﬁ@ﬁ@@&@&i@&&ﬂ%ﬁﬁﬁmgﬁi%@weﬁ&%’Eﬁ@ts- The optical
element still further includes a first reflector 15disposed so that a line normal to the first reflector

intercepts theXaudprrEd aplerpsiart e MehiRitd ienbrainge Brdpprukivates Uspawssiées, and a
second; refleciqr dispasadt I hatantiperperma s %Q@ﬁ%%ﬁ%ﬂ%ﬁ%&&t%ﬁeﬂéﬂ%%@&ﬂd reflective

polarizer laminate at an angle of approximately 45 degrees, wherein the first and second reflective

polarizer lamitfated varH e EltahBydes A dserstitpatoubBs s RePeH AP thanfirit arigaprddigind light

20beams arey:ambnediatoutrambingddineabeelarzed ght Baying dhenfifstprlrizatianstate. In yet
another aspect, the Eresent disclosure provides a color combiner including the optical element. In yet

another aspebfsthigllsidvsRiritestveipréiifedng ailpihieSystimbakitasigianosrdgHacsane and the

color combingfsin et RAOIREASRESHINGRRRENS diSFRSH® MRYIISS AR pRItRhekmenidhatdncludes
a 25first color-selective dichroic filter having a first input surface disposed to transmit a first light beam

perpeHliculastomtliFht heptn duaranglanbpresingtebidr derrcaverat Arsiconide Hesing a second

input surface gisRESdaIAiHABHI B 3e&Q0H it RErEpReReRdiEpNtPdasacarenRyt surface. The
optical element further includes a first reflective polarizer laminate having a first reflecti.\/taefﬂolarizer
ROEE PRt

disposed adjAckFitH AP esonshisilintive pederiegtrisidisnassd Etitst light

beam and thejsesonsldightisaarmtabamanale aiaprrevsmatalididrawes ang amgeond reflective
polarizer laminate having a second reflective polarizer disposed adjacent a second retarder, wherein

the second \ARBOFTH géélcﬁéqeﬂg.SEBQng&bglgment still further includes a first reflector

15 disposed so that a line normal to the first reflector intercepts the second reflective polarizer
laminate at an angle of approximately 45 degrees, and a second reflector disposed so that a
line normal to the second reflector intercepts the second reflective polarizer laminate at an
angle of approximately 45 degrees, wherein the first and second reflective polarizer
laminates and the first and second reflectors cooperate so that the first and the second light

20 beams are combined into a combined linear polarized light having the first polarization
state. In yet another aspect, the present disclosure provides a color combiner including the
optical element. In yet another aspect, the present disclosure provides a display system
including an imaging panel and the color combiner.

In yet another aspect, the present disclosure provides an optical element that includes a

25 first color-selective dichroic filter having a first input surface disposed to transmit a first
light beam perpendicular to the first input surface, and a second color-selective dichroic
filter having a second input surface disposed to transmit a second light beam perpendicular
to the second input surface. The optical element further includes a first reflective polarizer
laminate having a first reflective polarizer disposed adjacent to a first retarder, wherein the

30 first retarder is disposed to intercept the first light beam and the second light beam at an
angle of approximately 45 degrees; and a second reflective polarizer laminate having a

second reflective polarizer disposed adjacent a second retarder, wherein the second
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reflective polarizer is disposed to intercept a transmitted first linear polarization state of the first beam
at an angle of approximately 45 degrees. The optical element still further includes a first reflector
disposed soYRaA4%#¥G¥drmal to the first reflector intercepts the second refRESHEAG2 Taminate at
an angle of approximately 45 degrees, and a second 5reflector disposed so that a line normal to the
second reflector intercepts the second reflective polarizer laminate at an angle of approximately 45

degrees, wheggigdhe. fishane: 6 aRpSaIRrHvE-RY RN Zeh AmiRataR ARG St AR Sseengreflectors

cooperate so that the first and the second light beams are combined into a combined linear polarized

light having theerfistthsrin 2 a8rregieofiprperdnsisbr dsgesicthe Pre sefictli saxe plotuebera 10color

cpmbiner i”dﬂféiﬂaeﬁ‘& 1@1@9?@1@4‘?@8&{36&&% @ﬁ‘&tﬁ!%@%?ﬁfaﬂ%l%%@méﬁé&ﬂ@ﬁﬁﬁ%&éﬁﬁQ% a
display system including an imaging panel and the color combiner. These and other aspects of the

present applietRIM vsflesdi xppaluirch mtpd etancd e SEpRerrBBIsNY v tisEehirbivesrndhould

j[he ap(gve SU%W%&W@taﬁi@@Eﬁﬂﬁﬁﬁt&@h@&%@%ﬁé&ﬂ&ﬂ%@ﬂ@t&@&%ﬁybjeCt matter
is defined 15solely by the attached claims, as may be amended during prosecution. Brief Description

of the Drawintfél9%iF6tBP3HEas d2EHBRIR G B8R Rete RE W TR vimrielys thdegse ntiBar e ibm §est e like
reference numeeHs AeRIENASIkeislemsma ANt avinerait: ARG ohiSrRMRISRESHR MEW DTt

polarizing beam splitter; FIG. 2 is a perspective view of a polarizing beam splitter with a quarter-wave
retarder; FIG TsifTstwp dhpspsand Ve RsemparasomyiBedimtedisin inrddotae ks kel 4 is a

perspective vigwief thPeIRKpNERAAH SRlikendRl Haods aptessnasional ashematipelrisetiective
polarizer laminate; FIG 6 is a top schematic view of a color combiner; FIG. 7 is a top schematic view of

a colotlcombitRipr EREBIRS ARG R Eschfativtisithg I§Ps ol P dGh PG RRRCSt s 15 SBhematic view of a
color Combin@i'scagsﬁf@ﬁgdﬁi@s t@Biﬁﬂﬁ?@ﬁ%ﬁiﬁﬂlﬂfiﬁgoﬁ{(?ﬁﬁ%mgiﬁﬁ{éﬁﬁﬂ thd ivRLeBABhRMAtIC View
of a color combiner; FIGS. | 2A- | 2H are schematic views of a process; and
These and other aspects of the present application will be apparent from the
detailed description below. In no event, however, should the above summaries be
construed as limitations on the claimed subject matter, which subject matter is defined

15 solely by the attached claims, as may be amended during prosecution.

Brief Description of the Drawings
Throughout the specification reference is made to the appended drawings, where
like reference numerals designate like elements, and wherein:
20 FIG. 1 is a perspective view of a polarizing beam splitter;
FIG. 2 is a perspective view of a polarizing beam splitter with a quarter-wave
retarder;
FIG. 3 is a top schematic view of a polarizing beam splitter with polished faces;
FIG. 4 is a perspective view of a polarizing beam splitter;
25 FIG. 5 is a cross-sectional schematic of a reflective polarizer laminate;
FIG. 6 is a top schematic view of a color combiner;
FIG. 7 is a top schematic view of a color combiner;
FIG. 8 is a top schematic view of a color combiner;
FIG. 9 is a top schematic view of a color combiner;
30 FIG. 10 is a top schematic view of a color combiner;
FIG. 11 is a top schematic view of a color combiner;

FIGS. 12A-12H are schematic views of a process; and
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WO 2010/059681PCT/US2009/064927 FIG. 13 is a schematic view of a projector. The figures are
not necessarily to scale. Like numbers used in the figures refer to like components. However, it will be
understood YHA2H&/634f a number to refer to a 5component in a given figbfd ERMMHLAed to limit
the component in another figure labeled with the same number. Detailed Description Typical color
combiners include a quarter-wave retarder film that is sandwiched 10between a prism surface and a

dichroic coating, for egehy nelividual SRR RRYULIC, thigeelgr. combiner. The quarter-wave retarder is

separately prepared from birefringent materials, and can be unsuitable for direct coating of a high
precision dichroic laﬁ% As a result, each of the dichroic coatings has to be prepared on a separate

substrate, and the dichidiewsn e refaratearalyiouseder thitirangrbiersarebip B fheitish raffiete

additional comRORSRARH ARSI IRRERIINOWIRRE GRl-RYduaangidaEaRie Aok itheFRIR: ¢gembiner
assembly. In one aspect, the present disclosure reduces the number of components needed to

fabricafe a colOPESHHE @y THasUaRat iDL Hos e therfoverPheth ithanstheaddisr the CC

cube into the dipgQnaliplancesabiissallaws for the dichroic coatings to be directly applied to the prism
substrates, making up the CC cube. Further, the three separate quarter 20films have been reduced to

two films, by lamination on both sides of the R¢f@i¢dDssEiPEPTocated at the diagonal plane. The
output polarization of the CC system is also circularized, rendering more brightness uniformity as the

subsequent optics dpgsinAtAes WitkbiREHY iRl R RfREHEURRRNERr B FiwAtian; dRSHaadRQEh
s-polarization and p-polarizations are present to a similar degree, i.e. either as elliptical or circular

polariz8tion 22488 2 Drisk sHEasaRd i iShAPISRRERE s eRhped ErbsUBriBmE iEs s herein

can significandbrigidecerfrRivicationeRst Rl 8% RS-ty fr-paskcad M wnbRmetsomaensnts needed
and a simplified assembly procedure. In some_cases, an automation machine could perform steps

such as pick & 53me BripikeRiadetidussoranios of fohirlpisrinianel i itd Ay 9o Oh o pridmeading

dispensing ofuiheRiicRtAe Besive PRIVRER: thR faxel onlh SYNatea8SriRe SAUMRIKSIIVERYSIC coated
retarder/polarizing/quarter-wave retarder stack could be laminated together first, before it isddisposed

between the E4ESHH&GIS mml%ﬂgm@ge by lamination. These additional components an

15 processing steps can add considerable costs to the color combiner assembly.

In one aspect, the present disclosure reduces the number of components needed to
fabricate a color combiner (CC). The quarter-wave films are removed from the surfaces of
the CC cube into the diagonal plane. This allows for the dichroic coatings to be directly
applied to the prism substrates, making up the CC cube. Further, the three separate quarter

20 films have been reduced to two films, by lamination on both sides of the reflective
polarizer located at the diagonal plane. The output polarization of the CC system is also
circularized, rendering more brightness uniformity as the subsequent optics does not deal
with individual s-polarization and p-polarization; instead, both s-polarization and p-
polarizations are present to a similar degree, i.¢. either as elliptical or circular polarization

25 states.

In one particular embodiment, the combined color combiner described herein can
significantly reduce fabrication costs, for example, due to reduced number of components
needed and a simplified assembly procedure. In some cases, an automation machine could
perform steps such as pick and place of the reflective polarizers and quarter-wave retarders

30 onto prisms, and dispensing of an optical adhesive between the layers. In some cases, the
quarter-wave retarder/polarizing/quarter-wave retarder stack could be laminated together

first, before it is disposed between the CC prisms with optical adhesives.



WO 2010/059681PCT/US2009/064927 The optical dements described herein can be configured
as color combiners that receive different wavelength spectrum lights and produce a combined light
output that NERAHEYePRHifferent wavelength spectrum lights. In one aspectPHEUEHBRAG ATt inputs
are unpolarized, and the combined light output is polarized in a desired state. In one 5embodiment,
received lights with the undesired polarization state are recycled and rotated to the desired polarization

state, improving theJ[‘H@BHHU%F‘H%&@&@&@EM@&‘E&&W@Qﬂ%'Ih h%%ﬁ%@cBRJYQBWQ fambined

light that comprises more than one wavelength spectrum of light. The combined light can be a time
sequenced ofRBEiIveEEeIT I tRE JeBaaR IRt W@ﬁ@%@@g{?%ﬁ%‘ﬂ%@@ﬂﬁ@bﬂ‘ﬂ%@@ngth

spectra of light A0grigsrede 10 Rdifferent gRlarighi(R:d. Bl araganthbiieliandiiia camRined

light output is white light, or a time sequenced red, green and blue light. For purposes of the

description prgitBRRHEIESH; 2adidrirnbiiRg Nehy IRt dedeitnh Mghtesifs byticini8sd to mean

light haying a.wayaleRai) e Malaoasw e may.ke ﬁﬂiﬁﬁ%tﬁﬁéﬁ%%ﬁ;%ﬁ?ﬁﬁfd\&i&ﬁ’@dto the
human eye. The more general term "wavelength spectrum 15I|%ht" refers to both visible and other

wavelength sEBFieried RMTAaiRn s o BRI thAtigh aigrition cKisieRsy thEhSHYBREY S the
description prgyideshhsaipe i isrmRlignasiie fidesied aalgsizalionsstaipisirigadeddgmssociate

the alignment of the pass axis of an optical element to a desired polarization state of Ii%?t that passes

through the ofRfSAIWwbAHsEht, The carpbi&ird dighsAs Bsontsesrecatieresd WpBaAE o tiolarization,
right- circularpelarizations efireife Wi eelalZAtOMQli FRe Qv DRI BRQEHNGMi gascribed herein

with reference to the Figures, an optical element such as a polarizer aligned to the first polarization

state Means G RAG St HRaspbRAIoBHERAl HE stk e h Y RinRisnddbaeurhyrd Lshtreflects or

absorbs the sqaapndipRiRiizatian siatetie i sas ke, sreapalarrationstae): pulipiedlistiR be
understood that the polarizer can insf[eadqtie 3gaged to pass the s-polarization state of Ii%ht, and reflect
!

or absorb theSSSERHILRAEY Seddeiyhi d and “Rrrienaiie BerisBeedt thecdeBription

provided hergifictagdesmdacineht 18iehis:te Rae-RIepIe B isnAsRM SOWN ARSI Pendiglaking drom the
surface of the element follows 30an oBti%aInE)fnth thatTiﬁ, arfor pergerrétljitc?rlgg‘toathcla gtttwﬁar eletm%?t. One
element facmﬁ’%ﬁigfh%?lor if visible to the hu eye. The more general term “wavelength spectru
15 light” refers to both visible and other wavelength spectrums of light including, for
example, infrared light.
Also for the purposes of the description provided herein, the term “aligned to a
desired polarization state” is intended to associate the alignment of the pass axis of an
optical element to a desired polarization state of light that passes through the optical
20 clement, i.e., a desired polarization state such as s-polarization, p-polarization, right-
circular polarization, left-circular polarization, or the like. In one embodiment described
herein with reference to the Figures, an optical element such as a polarizer aligned to the
first polarization state means the orientation of the polarizer that passes the p-polarization
state of light, and reflects or absorbs the second polarization state (in this case the s-
25 polarization state) of light. It is to be understood that the polarizer can instead be aligned
to pass the s-polarization state of light, and reflect or absorb the p-polarization state of
light, if desired.
Also for the purposes of the description provided herein, the term “facing” refers to
one element disposed so that a perpendicular line from the surface of the element follows
30 an optical path that is also perpendicular to the other element. One element facing another

element can include the elements disposed adjacent each other. One element facing



element can include the elements disposed adjacent each other. One element facing WO
2010/059681PCT/US2009/064927 another element further includes the elements separated by optics
so that a ligh¢@2019d139eBticular to one element is also perpendicular to the REREFRYHH27  When
two or more unpolarized color lights are directed to the optical element, each may be split according to
polarization by one or more reflective polarizers. 5According to one embodiment described below, a

color light compifpa-RyRIGMIRERIVES MARSIREZRG g frm-Aiffeserhrelaunpelaraaddight sources,

and produces a combined light output that is polarized in one desired state. In one aspect, two, three,

four, or more RERSRAGUEHIGP MRt e e Blsp ReERVHEIHG L porathatiplsel: s- polarization and

p-polarizz_ation,_or ring?éhq\l&‘Jt&i%H@%BB@QE%@B&IQYl?gfﬁﬂQgiﬁﬁ&%érﬂé%ﬁé%fa‘%ﬂﬁi&ﬁbﬁ{?e|ement-
The received light of one polarization state is recycled to become the desired polarization state.

According to 83 83hebe, Wi aptRIIRIdmMBNREBANSHSRs A peTTaralR BB REtY 8 MRLEIFsHRed SO that light
from each of the Hhueeeel6kdighisoimisiceRLIRAVESIBEINE, RAUGIHESAL é&ﬁm‘ﬂgagNﬁiyeﬁﬂécgﬁagee angle.
e

The reflective polarizer can be any known reflective 15polarizer such as a MacNeille polarizer, a wire

grid polarizeruBnlafifagdiehpfiom fifsenisolar wrnotarEshHpblapvescs it asodesrsie sembingdid

crystal pOb”éthﬁﬁﬁﬁﬁ@iﬁgttﬂ poRRPadineabsadaiiiayeh eRbGahEM mRJatizet, 380 ber apreferred
reflective polarizer. Multilayer optical film polarizers can include different "packets"” of layers that

20serve to intEFSESHinR aHeshin WaseiBrglit raryeisraginatsristifgies-Pelfigrl dftitder optical
film polarizer gan-inglie sengrabRackets el layportiaual) heflpdbicknssareach mackptisateracting

with a different wavelength range (e.g. color) of light to reflect one polarization state and transmit the
other Polarizaiem<tatd in16r: t af RPN GHREA R oYL 1 hrsPPsdRedsFigfers
adjacent a firpbfitagePéthe film 25that interacts with, for example, blue colored light (i.c., a "blue

layers"), a second packet ) ) ) )
According to one aspect, the optical element comprises a reflective polarizer

positioned so that light from each of the three color lights intercept the reflective polarizer
at approximately a 45 degree angle. The reflective polarizer can be any known reflective
15 polarizer such as a MacNeille polarizer, a wire grid polarizer, a multilayer optical film
polarizer, or a circular polarizer such as a cholesteric liquid crystal polarizer. According
to one embodiment, a multilayer optical film polarizer can be a preferred reflective
polarizer.
Multilayer optical film polarizers can include different “packets” of layers that
20 serve to interact with different wavelength ranges of light. For example, a unitary
multilayer optical film polarizer can include several packets of layers through the film
thickness, each packet interacting with a different wavelength range (e.g. color) of light to
reflect one polarization state and transmit the other polarization state. In one aspect, a
multilayer optical film can have a first packet of layers adjacent a first surface of the film
25 that interacts with, for example, blue colored light (i.e., a “blue layers™), a second packet
of layers that interacts with, for example, green colored light (i.c., a “green layers”), and a
third packet of layers adjacent a second surface of the film that interacts with, for
example, red colored light (i.e. a “red layers™). Typically, the separation between layers in
the “blue layers” is much smaller than the separation between layers in the “red layers”, in
30 order to interact with the shorter (and higher energy) blue wavelengths of light.
Polymeric multilayer optical film polarizers can be particularly preferred reflective

polarizers that can include packets of film layers as described above. Often, the higher
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of layers that interacts with, for example, green colored light (i.c., a "green layers"), and a third packet
of layers adjacent a second surface of the film that interacts with, for example, red colored light (i.e. a
"red layers")YO0i0dIRP6tie separation between layers in the "blue layers" iPRAUER2894/PIhan the
separation between layers in the "red layers", in 30order to interact with the shorter (and higher
energy) blue wavelengths of light. Polymeric multilayer optical film polarizers can be particularly

preferred reflggl %%i%ﬁg%ﬂé‘éﬁ H(?Ht,i@ﬁlﬂfj@s BRE<AEROTINM JRYRIS PerfRstibed APQUBHfAfien. the
higher WO 2010/059681PCT/US2009/064927 energ%y wavelengths of light, such as blue light, can

adversely affée¢ fHEagidgrsteastifgrahinecaien Hrgnielemdl¢de thid vatsoRstupheraralie e HaRtmize
the number of ijeraghinng o Rivedightvitpdhsisefleatiygpaiaragr ninadditian it Rasre phithe

interaction of blue light with the film affects the severity of the adverse aging. Transmission of blue light
5through the fightiw e s Al adsdethaisreaittoohibsind iean yeimect BiRumprMongH R nedisly from the

"blue lgyers” {hﬁodﬁlﬁr{ﬂ@ﬁfﬁ)@?ﬁeﬁiﬁ?dé@sf'@&ﬁiﬁﬁeﬁfa@"cbetﬂgﬁﬁﬁﬂ%ﬂ%ﬂ@&i@@’bﬁ@lﬁéﬁgﬁ'@'Ue layers"
side is less detrimental to the film than reflection of blue light entering from the "red layers" (i.e., thick

layers) side. TRETEAdEHR IR ReER bE-gidhwseyBenden Ao diadestiaratdust il prisms, 100r it
can be a free:giRAAINGIIMSYEHAGH A RENCIEy dR oSS IBROGIRENISEING ARIGHH SIRMATJigIh

utilization efficiency Is improved when the reflective polarizer is disposed between two prisms, e.g. a

polarizing be&PLitigh(PEI (iR Bmbrsditassts sdrke tBIth &G §id6eling through the PBS that
would otherwise be ipt frerythe peligalpatih earupse@scletahintematfaflectianiTiR)jmmsthe

prism faces and rejoin the optical path, 15For at least this reason, the following description is directed

to optt&al eleetheivheAliedrs i derdisisiedIB st rRedimgndhraeriicat two prisms;

however, it isdRhenuNgdai si@eshimt iR RRS camprocianicthe samedmanpsiamhensusssbasia pellicle.
In one aspect, all of the external faces of the PBS prisms are]_[%iighly polished so that light entering the

PBS undergo®dWR! TS tHknfer AigMerszinbsaia SRS RS b B8 thitciRBosmGAL iR #4ily
homogenizedye lighcaaidingtRneREReeBMBYEIROUNFRIBRINCHHIRS FURNRS GHRkISRIBCtMe

dichroic filters are placed in the path of input light from each of the different colored light sources. Each

of the color-sBhélstg GRtatdrterl Redlpriignd Al dsomdha muspriarsh epdaneitie eptca @diher at
near-ngrmal ipgidenetenmirisbee Bl idingehsdasdipriddpaladzed igbhtradMsetismindRize color

shifting. Each of the color-selective dichroic i i .
reflective polarizers are disposed between the diagonal faces of two prisms; however, it is
to be understood that the PBS can function in the same manner when used as a pellicle. In
one aspect, all of the external faces of the PBS prisms are highly polished so that light
entering the PBS undergoes TIR. In this manner, light is contained within the PBS and the

20 light is partially homogenized.

According to one aspect, wavelength selective filters such as color-selective
dichroic filters are placed in the path of input light from each of the different colored light
sources. Each of the color-selective dichroic filters is positioned so that an input light
beam intercepts the filter at near-normal incidence to minimize splitting of s- and p-

25 polarized light, and also to minimize color shifting. Each of the color-selective dichroic
filters is selected to transmit light having a wavelength spectrum of the adjacent input light
source, and reflect light having a wavelength spectrum of at least one of the other input
light sources. In some embodiments, each of the color-selective dichroic filters is selected
to transmit light having a wavelength spectrum of the adjacent input light source, and

30 reflect light having a wavelength spectrum of all of the other input light sources. In one
aspect, cach of the color-selective dichroic filters is positioned relative to the reflective

polarizer so that the near-normal input light beam to the surface of each color-selective
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filters is selected to transmit light having a wavelength spectrum of the adjacent input light source, and
reflect light having a wavelength spectrum of at least one of the other input light sources. In some
embodimen¥024tWt3Pek color-selective dichroic filters is selected to transRéT/IGFROAHAYR A
wavelength spectrum of the adjacent input light source, and 30 reflect light having a wavelength
spectrum of all of the other input light sources. In one aspect, each of the color-selective dichroic filters

is positioned gelatiye M}qﬂ@&%@ﬁ@9&@1@%&9{33&1&%%}%@&9{11{&5@1% _et&igili[sb%ama&emssurface
of each color-selective WO 2010/059681PCT/US2009/064927 dichroic filter intersects the reflective

polarizer at afgieste Bydmiiaadtapisrowfact el uorlugieleci v didnois il ehes serate bra

CQ'0V'S_e|e_0tiVﬁa§§%|i‘§9J€rﬁg§&iE§1m%ﬂh@ iﬁi@q@@ﬁ%%l%?fﬁéww gciedRaisdraseihe-relarasglective
dichroic filter; by near-normal is meant varying less than about 20 degrees from normal, or preferably

less than abo€a®f Saadedesiriirnrhonalidesecs Hovderai. wedisisrabit lapytbanithame! flective
polarizer ranges KeIT8RPREZXI0 8B sdrakamodiamShioRedearass. Fam 4Q terRRlrgssrsiAom 43

to 47 degrees; or from 44.5 to 45.5 degrees. In one aspect, input light of an undesired polarization

state is converREFIdTOE teited R it HrEmo Rty desetediiondta rOidraricaniion

color-selectivgdighrpit JQfiltes vherest seflesissangd,changes polarization state by passing through the
retarder twice. In one embodiment, a retarder is disposed within the light path from each input light to

the prism face, so tHat Mt PER: GeHijabeLred plisied prbigatioR slatede rautkrateddsrBIE filter and a

retarder befogp.grigripathaRBStREYY faas: dightdayingan HseriredProligatianstateliseonverted
by passing through at least a second retarder twice, before 15and after reflection from at least a

second colorSKfEHE GiERBROML ehapasngUsiRativasiig PoRatsitsothioueh the repugee twice.
embodiment, hgretadstimalacer ariwagaithp caldriselastivedighiaiebiec anddpe 1eflactvee

polarizer. The particular combination of color-selective dichroic filters, retarders, and source orientation

all cooperate RF®h&He sosthaiilish it eamiiakt sowspmasterdinere e olias et/ tiedals a color
combiner, effigigntinProduaasrwRIRGHering the PBS prism face. Light having an undesired

polarization state is converted by passing through at least a second retarder twice, before
15 and after reflection from at least a second color-selective dichroic filter, changing to the
desired polarization state.

In one embodiment, the retarder is placed between the color-selective dichroic
filter and the reflective polarizer. The particular combination of color-selective dichroic
filters, retarders, and source orientation all cooperate to enable a smaller, more compact,

20 optical element that, when configured as a color combiner, efficiently produces combined
light of a single polarization state. According to one aspect, the retarder is a quarter-wave
retarder aligned at approximately 45 degrees to a polarization state of the reflective
polarizer. In one embodiment, the alignment can be from 30 to 60 degrees; from 40 to 50
degrees; from 43 to 47 degrees; or from 44.5 to 45.5 degrees to a polarization state of the

25 reflective polarizer.

In one aspect, the first color light comprises an unpolarized blue light, the second
color light comprises an unpolarized green light and the third color light comprises an
unpolarized red light, and the color light combiner combines the red light, blue light and
green light to produce polarized white light. In one aspect, the first color light comprises

30 an unpolarized blue light, the second color light comprises an unpolarized green light and
the third color light comprises an unpolarized red light, and the color light combiner

combines the red, green and blue light to produce a time sequenced polarized red, green
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light of a single polarization state. According to one aspect, the retarder is a quarter-wave retarder
aligned at approximately 45 degrees to a polarization state of the reflective polarizer. In one
embodimenth?HliHefdnt can be from 30 to 60 degrees; from 40 to 50 deRfrdESSWBHIAS%D 47
degrees; or from 44.5 to 45.5 degrees to a polarization state of the 25reflective polarizer. In one
aspect, the first color light comprises an unpolarized blue light, the second color light comprises an

unpolarized gigep;ligHandithenhirg, cq!UlaRYreRERNEES A& BRQRIIED IGA O A0 d; tBE calnT light

combiner combines the red light, blue light and green light to produce polarized white light. In one

aspect, the fiSPaBIEY lightt OueEHis b BT ARSEF I DI RIS ofHBSBEmELt iiightScomprises an

unpolarized greenilight bR Mitd CRIREIgN comprars apLapRlsrizadd addiobtians:the elor light
combiner combines the red, green and blue light to produce a time sequenced polarized red, green

WO 2010/059881ee AD droersion domeaidopiednghe seBhiredpebt, each of the first, second and

third C_@OV Iights af?ﬂ&i’e}?&ﬁ% 18 5ePaLptRtlIght RPILGRS: JBIARSHIET ARRBAALRLE: tHAM0RE Lf the three
color lights is combined into one of the sources. In yet another aspect, more than three color lights are

combined in PRéiepEEN el PR ERPpATIGRE R BB Ut SAY Corahigad liste apatthtte reflective

polarizing filmmegiﬁ%ﬁmuisl@a&{dmi&@hgtm MU RMPQAIRe AL dhe AR SIRr agHeas a first
combined light output that includes p-polarized second color Ii%gt%,ttand s-polarized first and third color

light. In anottC8iRheRRAdIRCH et S Binduss s Phofarized rstandd e S ool s endrin an
s-polarized seepngclclahtolbel it Cﬂ%m%%d&m&ﬁtﬂ%hﬁéﬂﬁlﬁ Passe 4NN Rgh a

10color-selective stacked retardation filter that selectively changes the polarization of the second color

light d¥the sCERPEISRINRgH R PeskietendasionH ity thatselstn dyishaagrtiverelatirationeediistion filters
are available fgepmdf @Bl%i(@i@m'@s thelostdnly %ﬁ%ﬂﬂﬁés&@hﬂ'&%ﬂlﬁ% RIRAUSESH 2 SRERRR &ombined

light output that includes the first, second and third color lights combined to have the same Solarization

(e.g. s-polarizstikiey et dationltestain Birela e dsomist s eramplen iR B tBRILARS G or
reflective dispfay meghroirms thaionedbaieipaiaiaadlighi: (A RdHR fhdmiagesctbadignt Beam

includes light rays that can be collimated, convergent, or divergent when it enters the PBS.
Convergent i IR CRGHIBHEANG R BEe R BETRLP IO Bgh R BRH0 Fal RS SF¥Mls of the
PBS. D avoigosisind@ssesuttid 0fdhg RXaNhiagRHh of transmissive or reflective display

mechanisms that modulate polarized light to produce an image.

The light beam includes light rays that can be collimated, convergent, or divergent
when it enters the PBS. Convergent or divergent light entering the PBS can be lost
through one of the faces or ends of the PBS. To avoid such losses, all of the exterior faces

20 of a prism based PBS can be polished to enable total internal reflection (TIR) within the
PBS. Enabling TIR improves the utilization of light entering the PBS, so that substantially
all of the light entering the PBS within a range of angles is redirected to exit the PBS
through the desired face.

A polarization component of each color light can pass through to a polarization

25 rotating reflector. The polarization rotating reflector deflects the propagation direction of
the light and alters the magnitude of the polarization components, depending of the type
and orientation of a retarder disposed in the polarization rotating reflector. The
polarization rotating reflector can include a wavelength-selective mirror, such as a color-
selective dichroic filter, and a retarder. The retarder can provide any desired retardation,

30 such as an eighth-wave retarder, a quarter-wave retarder, and the like. In embodiments
described herein, there is an advantage to using a quarter-wave retarder and an associated

dichroic reflector. Linearly polarized light is changed to circularly polarized light as it
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200f a prism based PBS can be polished to enable total internal reflection (TIR) within the PBS.
Enabling TIR improves the utilization of light entering the PBS, so that substantially all of the light
entering theVPBBWIHAeH range of angles is redirected to exit the PBS throB§A/RHa4isdtTace. A
polarization component of each color light can pass through to a polarization 25rotating reflector. The
polarization rotating reflector deflects the propagation direction of the light and alters the magnitude of

the polarization COmpRents (eReNdING ot tha Ly Re.ARd ArRNIAIRY Pk S rfardak Aigpagad in the

polarization rotating reflector. The polarization rotating reflector can include a wavelength-selective
mirror, such &9RIEEAERR e RERRIERBRFSIICHRRS Ainindhetsftrstiverolutizea spe AN PR MEVENyY desired

retard_ation, 3%?&%&%@&%”%%&@&%{9&&1& AUAREE-WRVRfeLEBImang ﬂ'ﬁﬁxt'ﬁ&ﬁ‘@f&d i ments
described herein, there is an advantage to using a quarter-wave retarder and an associated dichroic

reflector. Lin<@IRx 5omahinss: [igneqs tErdnitcdty epkulaed pethiteingrt esapoleization state
2010/059681P£¢hSRAQURBARALPASES HY QUBIA SHRIQEWRY R NEIREIES AigNgS Atippa.angle of 45

to the axis of light polarization. Subsequent reflections from the reflective polarizer and quarter-wave

retarder/refletiEP48R MHCEETE deih BRder teiationedeian asmbibe gt shtisigtramithe color
combiner. In goRFask. lItRANN 1P 3HASHJIBNhIRchangsd daid ROREFAI SR GR AL pEIween

s-polarization and p-polarization (either elliptical or Iinear:‘ as it passes through other retarders and

orientations, &AHEAH rehfit I WaBHeioe BB e EiRB I eiBRd ety EiskisHE e ardation
and orientatiqn cande b inallipiicalydealiribaad tight hRrwexer Qe Bravilyiba pessrRianpncontained

herein refer to circular polarized light, which is understood to be an idealized case of elliptical polarized

light. 10PolarPRlfERINAGAL HERSEHRLYE SERSIY BorApRss el sslsetive HdnrdcTHItsaAd retarder.
The position efthacietardesRnbaYpihsatastie sherveisriltessplatenid ihaiadisaentdahtizource is

dependent on the desired path of each of the polarization components, and are described elsewhere

with referenc@dBSHY ERlirearss brichepicet eRdiedetm niditizackat the adwdgitirpolarizer such as

a cholesteric hgiisbGeyisiah RO aE ZREcHBAC CREING OIS RERSAERGBIEZRIIAREOtATIpE eflReiOtRLCaN
comprise color-selective dichroic filters without any associated retarders, . The components of the

optical elemefftiAciYSiRgHiRThean It frsuld RRAL I Ginsh e bRl reietia druifsreiel RRZSF other
compegents earddiRgnsadfagribehoka-aHiakirepicrires M ddigpeRECaIadhgsivedsed to bond

the components together has 20an index of refraction less than or equal to the index of refraction of
the prisms ustghrpif dilters without any associated retarders.

The components of the optical element including prisms, reflective polarizers,
quarter-wave retarders, mirrors, filters or other components can be bonded together by a
suitable optical adhesive. The optical adhesive used to bond the components together has
20 an index of refraction less than or equal to the index of refraction of the prisms used in the
optical element. An optical element that is fully bonded together offers advantages
including alignment stability during assembly, handling and use. In some embodiments,
two adjacent prisms can be bonded together using an optical adhesive. In some
embodiments, a unitary optical component can incorporate the optics of the two adjacent
25 prisms; e.g., such as a single triangular prism which incorporates the optics of two
adjacent triangular prisms, as described elsewhere.
The embodiments described above can be more readily understood by reference to
the Figures and their accompanying description, which follows.
FIG 1 is a perspective view of a PBS. PBS 100 includes a reflective polarizer 190
30 disposed between the diagonal faces of prisms 110 and 120. Prism 110 includes two end
faces 175, 185, and a first and second prism face 130, 140 having a 90° angle between
them. Prism 120 includes two end faces 170, 180, and a third and fourth prism face 150,
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optical element. An optical element that is fully bonded together offers advantages including alignment
stability during assembly, handling and use. In some embodiments, two adjacent prisms can be
bonded togdY§e018iY@&h optical adhesive. In some embodiments, a unitarYGETEAMERIHBAent can
incorporate the optics of the two adjacent 25prisms; e.g., such as a single triangular prism which
incorporates the optics of two adjacent triangular prisms, as described elsewhere. The

embodiments) dg$aHREPVE SR BE BRI ERAAIY USSR TEITR HEL.IRHG hilowipe and their

accompanying description, which follows. FIG 1 is a perspective view of a PBS. PBS 100 includes a

reflective pold¥i#st g0 SHispdsecsseandarmdaddhas pesakdebiphsdeuthosse 125 Blism 110

includes two e faga bRl 8P 1R frsiRmebseaandPrisdace 139 - H4Q having R 90-@angte
between them. Prism 120 includes two end faces 170, 180, and a third and fourth prism face 150, WO

2010/059681PWTOUHH 00 92y 186 AEHITdostinHgoh i AdAR the THE PPt face 130 is

parallekto thergisd, Oripmiacseta0e @8@%3@@% %@Wﬁ@f’c@i%@eﬁe@ﬁ@'@lﬁ@iﬂ%ﬁ&% B Rerism face
160. The identification of the foucbi)rlsm faces shown in FIG_1 with a "first", "second", "third" and

"fourth” serves3isan B ta@adzfptidmertBLesns KilRetiyrpaluig ¢t BRINdaaUHeY féflective

polarizer 190iﬁ@f‘ﬁ%@fﬁ%ﬁt%&%‘%ﬂ@ﬁ‘éiﬁﬁoﬁﬁ%ﬂw G achaht &ﬁbﬁﬁ&ﬂdﬁﬁh%?gﬁcp@ia@éﬁ{eﬁ
non-Cartesian reflective polarizer can include multilayer inorganic films such as those produced by

sequential deptsbifidn dlaRdribmRotEREricC et eerbR ok ieiahabr DOleHALGR FFisflective
polarizer has @al%?|%@ﬁm{ﬂd&(Wr@dgﬂd%%&l?%ﬁagwﬁﬁgﬁo%\ﬁmﬁ@ apdeelymeriadnulilayer

optical films such as 10can be produced by extrusion and subsequent stretching of a multilayer

polymiic lans#abs. NFPEres e MbeHiinR Fadsehvslpenhreichos Rf aigHidastRabErd iSolarization axis
is parallel to Qa%ﬁid@&'%&ﬁi@éhﬂi@&@rﬁe%; MQW@@@HMM% @s%ﬁ@ﬁ@d M%{%ﬁ@ﬁbﬁéﬁ@d&ﬁ- In one

embodiment, the first polarizatign state 195 can be the s-polarizatign state, and the second .

polarization stte B G8TRHA! 52 e PRI &) InBAR R SIS K MO A @7 Rization
state 195 canspe-thesp-ppbadzaivsusiale:, andriRe saeanstibalaHzation siate HROscah heifien

s-polarization state. As shown in FIG 1, the first o
state, and the second polarization state 196 can be the p-polarization state. In another

15 embodiment, the first polarization state 195 can be the p-polarization state, and the second
polarization state 196 can be the s-polarization state. As shown in FIG 1, the first
polarization state 195 is perpendicular to each of the end faces 170, 175, 180, 185.

A Cartesian reflective polarizer film provides the polarizing beam splitter with an
ability to pass input light rays that are not fully collimated, and that are divergent or

20 skewed from a central light beam axis, with high efficiency. The Cartesian reflective
polarizer film can comprise a polymeric multilayer optical film that comprises multiple
layers of diclectric or polymeric material. Use of dielectric films can have the advantage of
low attenuation of light and high efficiency in passing light. The multilayer optical film
can comprise polymeric multilayer optical films such as those described in U.S. Patent

25 5,962,114 (Jonza et al.) or U.S. Patent 6,721,096 (Bruzzone et al.).

FIG 2 is a perspective view of the alignment of a quarter-wave retarder to a PBS,
as used in some embodiments. Quarter-wave retarders can be used to change the
polarization state of incident light. PBS retarder system 200 includes PBS 100 having first
and second prisms 110 and 120. A quarter-wave retarder 220 is disposed adjacent the first

30 prism face 130. Reflective polarizer 190 is, for example, a Cartesian reflective polarizer
film aligned to first polarization state 195. Quarter-wave retarder 220 includes a quarter-

wave polarization state 295 that can be aligned at 45° to first polarization state 195.
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polarization state 195 is perpendicular to each of the end faces 170, 175, 180, 185. A Cartesian
reflective polarizer film provides the polarizing beam splitter with an ability to pass input light rays that
are not fullyNWOIRHAYIS#d that are divergent or 20skewed from a central IRfAE/BHEA AL 2Hith high
efficiency. The Cartesian reflective polarizer film can comprise a polymeric multilayer optical film that
comprises multiple layers of dielectric or polymeric material. Use of dielectric films can have the

advantage of Aqw fHeNHeHIoRIRIWIORL ARG AHeh Sy 1iBRaSH S ightrst 16 MHIIRYE ARG film can

comprise polymeric multilayer optical films such as those described in U.S. Patent 255,962,114 (Jonza

et al.) or U.S.radptlsrzse dysstigtupoigrieaion stam 3% ke ipsiegddetivbanehabthdafigiment of a

quarter-waveﬂ@ltg{glﬁgotg SR BD535 H%@Qﬂf&&%@@v@%%ﬁ@&%ﬂﬁ&éﬁ(&%ﬂ%ﬂ%@ﬁ@i $rcan be gsed
to change the polarization state of incident light. PBS retarder system 200 includes PBS 100 having

first and seconavsrisiisizatpastite 29 s yubstalisnad etrany drarovorisirjorsied st nekatzationrst 30

prism face 130, Refschie-paidsizarc?9ds.ifos sxampleiRriGatiesiarisieste ppiasigekfioa aligned to
first polarization state 195. Quarter-wave retarder 220 includes a quarter-wave polarization state 295

that can be afisedos: 45adnherAuiatiganys Gaficnbtic ey day roAIBs Iy IS 2809064927
Although FIGZchpus @ﬁ&ri@i@ém@tqﬁ&%@ﬁgﬂe9:§ﬁ1€s5v&ﬁe§irﬁh@al@r[gﬁﬂﬁaeatﬁgqﬁ1§&§esa clockwise

direction, polarization state 295 can instead be aligned at 45 to first polarization state 195 in a

counterclockWiERMal e bt sdrR sHiss dhidise diedhe polatieagsmtzitioR Beie Pt EgAsY aligned

at any degreg Qrientaling teriirgtReAIIFAlaN PSR AR fhexaniiadramy AP aasdispclockwise
direction to 90 in a clockwise direction, It can be advantageous to orient the retarder at approximately

+/- 4518s desbAlisdedilightcind g porsd i iinat bewalbnansiarsd formokdinehlishseedthrough
a quarter-wavgfietamier s@ ﬁl@ﬂﬁﬁ&ﬁ}?@ﬂﬁl@g%ﬁi%@é@t&ﬁ@@?ﬁ&% Qlﬁ@&iiﬁf&%l%ﬁ&ﬁ&ﬁt@ r-wave

retarders can result in s-polarized light not being fully transformed to p- 10polarized light, and
p-polarized li§ReHRBGRGHIR L ArRR ATSERIYpolarized light upon
FIG 3 shows a top view of a path of light rays within a polished PBS 300.

According to one embodiment, the first, second, third and fourth prism faces 130, 140,

15 150, 160 of prisms 110 and 120 are polished external surfaces. According to another
embodiment, all of the external faces of the PBS 100 (including end faces, not shown) are
polished faces that provide TIR of oblique light rays within polished PBS 300. The

polished external surfaces are in contact with a material having an index of refraction “n ”
that is less than the index of refraction “n )” of prisms 110 and 120. TIR improves light

20 utilization in polished PBS 300, particularly when the light directed into polished PBS 300
is not collimated along a central axis, i.e. the incoming light is either convergent or
divergent. At least some light is trapped in polished PBS 300 by total internal reflections
until it leaves through third prism face 150. In some cases, substantially all of the light is
trapped in polished PBS 300 by total internal reflections until it leaves through third prism

25 face 150.

As shown in FIG 3, light rays L, enter first prism face 130 within a range of angles
6,. Light rays L, within polished PBS 300 propagate within a range of angles 6, such that

the TIR condition is satisfied at prism faces 140, 160 and the end faces (not shown).
Light rays “AB”, “AC” and “AD” represent three of the many paths of light through

30 polished PBS 300, that intersect reflective polarizer 190 at different angles of incidence
before exiting through third prism face 150. Light rays “AB” and “AD” also both undergo
TIR at prism faces 160 and 140, respectively, before exiting. It is to be understood that
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reflection from the mirrors, resulting in reduced efficiency of the optical elements described elsewhere
in this description. FIG 3 shows a top view of a path of light rays within a polished PBS 300. According
to one embdEh38HYOf968first, second, third and fourth prism faces 130, 140 PEFIER04B0t23risms 110
and 120 are polished external surfaces. According to another embodiment, all of the external faces of
the PBS 100 (including end faces, not shown) are polished faces that provide TIR of oblique light rays

within polished f5BS.PAR1E08 PASHESHENIRIITALRTI h SAURLIHD AMALERLRAYIMGAN index

of refraction that'is less than the indéx of refraction "n2” of prisms 110 and 120. TIR improves light
20utilization innddlishe dfPBEBEOP Barfi60lahyont emblodilightt diedletad entol polish 8D RBS18G0dsnot

faht s wapned T SOAE B A3 S o S e 55k e
150. In someedgasrsubsiahtiaihopti i filenligipisi o ppe ol olisiddrBRSt BRNighttotak interdal
reflections unfltlegues, ftyaygh fitd prisgy 251aRe 120, As shawn In GG 3 ok AV ke enter firs
prism face 136" Within a%ange %o]lcanaices Oif.h}_lgﬁt rays £ PR po |s]hed1%>3¥1§ 0 pr8paga?e within a
range of anglesdORisugh diyel thecTdRapdruitiod, isusatistied efffiorisratagdistigtht §0landethbghhd faces
Sopotshed S IED hsr s s ASnate SRR TN Sl 0 IRk TR S RS
exiting throughibsiadtpriilsndifens ¢ht3Esigylan ghysvin g mrgpiodty A§altptieutndbrgmw RiRzati@rism faces
]2'8(])_ Oa;gg 9164801’%%8@%%';181’%9%%@%@@/‘3%%H'19 'tﬁe@n}a%? Paéjencgte vt %ﬁjsthﬁtfﬁWe%t splitting of polarized
10 light using a MacNeille polarizer can be limited to incidence angles below about 6 or 7
degrees from the normal, since significant reflection of the p-polarization state can occur
at some larger angles, and significant transmission of s-polarization state can also occur at
some larger angles. Both effects can reduce the splitting efficiency of a MacNeille
polarizer. Efficient splitting of polarized light using a wire-grid polarizer typically
15 requires an air gap adjacent one side of the wires, and efficiency drops when a wire-grid
polarizer is immersed in a higher index medium. A wire-grid polarizer used for splitting
polarized light is shown, for example, in PCT publication WO 2008/1002541.
In one aspect, FIG. 4 is a perspective view of a PBS 400 that includes a first prism
110 and a second prism 120 as described elsewhere, and a reflective polarizer laminate
20 490 disposed on the diagonal between them. In one particular embodiment, reflective
polarizer laminate 490 includes a reflective polarizer 190 disposed between a first quarter-
wave retarder 220 and a second quarter-wave retarder 220°.
In one aspect, FIG. 4 is a perspective view of a PBS 400 that includes a first prism
110 and a second prism 120 as described elsewhere, and a reflective polarizer laminate
25 390 disposed on the diagonal between them. In one particular embodiment, reflective
polarizer laminate 390 includes a first quarter-wave retarder 220 disposed between a
reflective polarizer 190 and the diagonal surface of first prism 110, and the second quarter-
wave retarder 220’ is omitted.
Reflective polarizer 190 can be aligned to a first polarization direction 195, and
30 first and second quarter-wave retarders can be aligned at an angle “0” to the first

polarization direction 195. In one particular embodiment, each of the quarter-wave

retarders are aligned at an angle 0 = +/- 45 degrees to the first polarization direction 195,
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ranges of angles 01 and 02 can be a cone of angles so that reflections can also occur at the end faces
of polished PBS 300. In one embodiment, reflective polarizer 190 is selected to efficiently split light of
different pol¥2iISWHer a wide range of angles of incidence. A polymeri®aTHAZRA6HIal film is
particularly well suited for splitting light over a wide 5range of angles of incidence. Other reflective
polarizers including MacNeille polarizers and wire-grid polarizers can be used, but are less efficient at

spliting the plarigesiatsMaeN el Relatizs dRes aRke fiiendy VARSI GRt & ARgles obr

incidence that differ substantially from the design angle, which is typically 45 degrees to the

polarization sQEdMERIties Bdpsipniationtelspatodbe witeripEm eIt EpHitting of polarized

10light using @Mﬁ%ﬁﬁ@cﬁ%@ﬁi&ﬁ &ﬁ%@%ﬁ%@% 5‘%&8&&4?&%@@9'&&?@5%@&%& therdéidegrees from
the normal, since significant reflection of the p-polarization state can occur at some larger angles, and

significant tra#iéftisSIBHBHSHYRM2E B Statachh BisyscdioatSotne IgersdgRaddensth dttbets can
reducesthe splgfipaefficiersyiola MaaNeig QBiﬁﬂglgdeﬁﬁﬂ%n&ﬁ&%ﬁ?tﬁé POIREZEEHIgHbHsHG a

wire-grid polarizer typlcaé\ly 15 requires an air gap adjacent one side of the wires, and efficiency drops
when a wire-gHaqs8rs Ry sdeninr A dd FrErsRgRERSHESIEIRAR. A wire-grid polarizer used for

splitting polarized lighf dscghemiideLxampewn 2GT pblcatonWE 2098{A0aeRd can bdn one

aspect, FIG. 4 is a perspective view of a PBS 400 that includes a first prism 110 and a second prism

120 as descriBeddrdatving eonyrntions cetisel gersicrar rafivate J0400aicHSsdORHE G hal

between therpetlRRpe PG RRIPAsire’Rhateflestive felarigar jaminatfd 3 elugesantefiestive
polarizer 190 disposed between a first quarter-wave retarder 220 and a second quarter-wave retarder

220", 10 |n oReladpctraae anbadiarabdbsalignne i eirhssion 140 Pl drssses Aremy#tR 290 and a

second prismdégR@s feachbesl elsRureteoAnda 1afleelive palasizes amnaleiZzrAddicrasad on the
diagonal between them. In one particular embodiment, reflective polarizer laminate 390 includes a first

quarter-wave!FEIEF ST PIBIHSholLANSRTHEN S Fathad i Pokitrdt Al ad IhdearsgibrrreatiaRe of first
prism 110, angtthe $esome-auariREwayeatetaidie P20 ispamiteskridriie¢tive telarizer 190 can be

aligned to a firs}%@olarization direction 195, and 30first and second quarter-wave retarders can be

aligned at an @NIEP etz VBt pmina e ibhthis sokpdraent dhsaligamrial BmBRIne M ceach of the
quarteswavetglasdesparaialignarataaasie 5z ddodbsdagransdehs, first @uaratioarditgstion 195,

be made thicker, to increase the retardation from quarter-wave (90 degree retardance) to
greater than 90 degrees retardance, for example, to account for the variation due to 45
degree immersion incidence. In some cases, the retardance can yield approximately
quarter-wave (i.c., 90 degree retardance), for example, 90 degrees +/- 10% retardance. In

20 some cases, the retarder can provide between approximately 90 degrees and approximately
120 degrees retardance.

In one particular embodiment, FIG. 5 is a cross-sectional schematic of a light path

500 through a reflective polarizer laminate 490 showing the interaction with an
unpolarized light 541. The detail shown in light path 500 can be used to better understand

25 FIGS. 6-11 that follow, which are directed to color combining. Light path 500 includes a
first and a second broadband mirror (550, 560), a third quarter-wave retarder 570, and the
reflective polarizer laminate 490. The reflective polarizer laminate 490 includes a
reflective polarizer 190 disposed between a first and a second quarter-wave retarder (220,
220), disposed relative to first polarization direction 195, as described elsewhere.

30 The path of unpolarized light 541 is described with reference to FIG. 5.
Unpolarized light 541 becomes a combined p-polarized light 548 and s-polarized light 549

after leaving third quarter-wave retarder 570. Depending on the nature and orientation of
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WO 2010/059681PCT/US2009/064927 as described elsewhere. In some cases, the retarder film
(typically a quarter-wave plate, or QWP) retardation and orientation relative to the reflective polarizer
slow-axis (p¥addtiBPefitection) can be varied to account for the 45 degreePiItiSR88H4etRIENCe in
glass. Optimal QWP parameters can be calculated for 45-deg. immersed incidence, and 5compare the
efficiency gain of the optimal design vs. operating the conventional normal incidence QWP design at

45 degree iImpeRehRIARNGRhin thl RECGRITIIERRLUSIAh QWP RLAAAREIRG INTRLRETIQIass

incidence can be modeled using conventional optical modeling software. In some cases, the
quarter-waveSEtEYaed Saprkeiadg Héatéﬁe%m%mﬁ)é@@@edélé@gg@%w dpemasisstishtethte of the

reflective 10pq|ay ﬁﬁé@d@@r%ﬁ??@@ﬁ&%ﬁrﬂ%@g{g@ 158206 r@mfﬁgépc_ﬁqi{:i@mees; from 40 to 50
degrees; from 43 to 47 degrees; or from 44.5 to 45.5 degrees to a polarization state of the reflective

polarizer. In one partiéiRiFErsHoER St miskiacst wlsat 19 Rpdises BmEmis strapensind=+/-45
degrees can gapiiiman inpsueeteffisiencies the QUWRRARHZSHLWER axinate Jiythis

embodiment, the alignment of the QWP to the 15reflective polarizer can be about 0=-7-34 degrees. In

some cases, thsTepingis{lestivagelpazsiddd tiibreiiag Mdrexbererb iretRlib e R rowrliiktdr-wave
(90 degree reigrganee) 10 ssasH $aan0 degreasiretatdanerciRLexamria dp1account for the

variation due to 45 degree immersion incidence. In some cases, the retardance can yield

approximately quartéi§viel e bepamgReatatarrlivk P 4brislsrtpongdisgtsoteritys Mardance.
In 20some cagfpothad talAel £ RIREE e Bateri 3PRIQXIMALSI: P O-desiera i daRR RxiRAtely 120

degrees retardance. In one particular embodiment, FIG. 5 is a cross-sectional schematic of a light
path 380 throtgfh @ PemscaRepBran s hliRRES HoasdhBiiey thie wete Rl SvarieR B GG ed light
541. The detaifghown in light path 500 can be used to better understand 25FIGS. 6-11 that follow,
which arc directed to color combining. Light path 500 includes a first and a second broadband mirror

(550, 560), a third qUARErRIRFEFAEPENOBIRY. AMeHioPettcRAs S ImoRedRilRgiv upRI iR felective
polarizer lamigrie 9@ dnedusiesaurafigstivedolprzeniqa dispased heswaen:& istrandhawecond

quarter-waverre%%gre 5 (% .Z%Lcircular polarized light 542 reflects from second broadband mirror 560,

15 changing the direction of circular polarization, and becomes s-polarized light at position
544°. S-polarized light at position 544’ reflects from reflective polarizer 190, becomes s-
circularly polarized light 545 as it passes through first quarter-wave retarder 220, reflects
from first broadband mirror 550 changing the direction of circular polarization, and
becomes p-polarized light at position 546 after passing through first quarter wave retarder

20 220. P-polarized light at position 546’ passes through reflective polarizer 190 and
becomes p-circularly polarized light 547 after passing through second quarter-wave
retarder 220°. P-circularly polarized light 547 passes through third quarter-wave retarder
570 and becomes s-polarized light 549.

In one aspect, FIG. 6 is a top schematic view of an optical element configured as a

25 color combiner 600 that includes a PBS 400. Color combiner 600 can be used with a
variety of light sources as described elsewhere. The paths of light rays of each
polarization state emitted from a first, a second, and a third light source (640, 650, 660)
are shown in FIG. 6, to more clearly illustrate the function of the various components of

color combiner 600. PBS 400 includes a reflective polarizer laminate 490 aligned to the

30 first polarization state 195, disposed between the diagonal faces of first and second prisms

110, 120, as described elsewhere.
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220", disposed relative to first polarization direction 195, as described elsewhere. 30The path of
unpolarized light 541 is described with reference to FIG. 5. Unpolarized light 541 becomes a combined
p-polarized WheSWHHe81s-polarized light 549 after leaving third quarter-wabeFaisds¥3.’Depending
on the nature and orientation of WO 2010/059681PCT/US2009/064927 the components within the
reflective polarizer laminate 490, as described elsewere, the combined p-polarized light 548 and

s-polarized light 549 mgybe capsiderri.imba &m@ﬁﬁ%@%k%&gqﬂt&%t@ NoS@ne gagree of polarization
e

(elliptical or linear). Unpolarized IigF’ut 541 intersects reflective polarizer laminate 490 at an angle of

5approximatelproserbfraas, tha thpdsdssasandgnd deo Aastpastarieay el pdalder 290 ropressaeting

reflective p0|@’%ﬁrﬁﬁeeﬁ@f?%E%é%d%ﬁﬁhi%%ﬁ@ﬂ%@l@c@ﬁé&ﬂ@f@ @,%erp@ﬁr)_tcah%salﬂon 541
and a p-polarized component at position 541'. The s-polarized component at position 541' reflects

from reflective P&t Yo i dHatfgdlaosslested ter hlamyetiiightaswsons iepd sdba thvaugleeetbond
quarteswavegeiardar #0240, gt hacames Pronkerised light J48.as ihoannas drosah thisde

quarter-wave retarder 570. e p-polarized component at position 54 1 ' passes through reflective

polarizer 190RsstCHlMTgRRoH Peat Gt PlothsiseleTigriesave sherpiscltrgstrrB g mracdiateler-wave

retarder 220. Rjcisulalnelpizaddighim4gcreliests:fremsg eondiiroadhaps MinRi58R ohechanging the
direction of circular polarization, and becomes s-polarized light at position 544'. S-polarized light at

position 544" fehestidhrdirl rstisemalasisrir s By 488 BmexnyEre daAl PSHAsiZedtIgH sy it passes
through first gyayter-wave retarder 220, reflects from first broadband mirror 550 changing the direction

of circular polarization, and becomes p-polarized light at position 546" after passing through first
qu artéPwave retarddihe color-selective dichroic filters (610, 620, 630), and reflective polarizer

laminate 490 cooperate to transmit combined light through the fourth prism face 160.
Each unpolarized light input is split into a p-circularly polarized and an s-circularly
polarized component that are recombined through the fourth prism face 160. In some
cases, the nature, alignment, and efficiency of the components in the reflective polarizer
15 laminate may result in some polarization (i.e., elliptical or circular) of the combined light,
as described elsewhere. In one embodiment described below, each retarder 220 in color
combiner 600 is a quarter-wave retarder orientated at approximately 45 degrees to the first
polarization state 195.
According to another aspect, an optional light tunnel 430 or assemblies of lenses
20 (not shown) can be provided for each of the first, second, and third light sources (640, 650,
660), to provide spacing that separates the light sources from the polarizing beam splitter,
as well as provide for some collimation of light. Light tunnels could have straight or
curved sides, or they could be replaced by a lens system. Different approaches may be
preferred depending on specific details of each application, and those with skill in the art
25 will face no difficulty in selecting the optimal approach for a specific application.
An optional integrator (not shown) can be provided at the output of color combiner
600 to increase uniformity of combined light outputs. According to one aspect, each light
source (640, 650, 660) comprises one or more light emitting diodes (LED’s). Various light
sources can be used such as lasers, laser diodes, organic LED's (OLED's), and non solid
30 state light sources such as ultra high pressure (UHP), halogen or xenon lamps with
appropriate collectors or reflectors. Light sources, light tunnels, lenses, and light

integrators useful in the present invention are further described, for example, in Published
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20220. P-polarized light at position 546' passes through reflective polarizer 190 and becomes
p-circularly polarized light 547 after passing through second quarter-wave retarder 220'. P-circularly
polarized lightOs¥104886%% through third quarter-wave retarder 570 and becBREESN98(84#22d light 549.
In one aspect, FIG. 6 is a top schematic view of an optical element configured as a 25color combiner
600 that includes a PBS 400. Color combiner 600 can be used with a variety of light sources as

described e'%"@?%‘%eﬂih@p% thaof ket rayR et e2gs Ipdatizatian=itefmitied i adirst aiggcond,

and a third Iig‘hi‘sourqe (640, 650, 660) are shown in FIG. 6, to more clearly illustrate the function of
the various cotpPoBR&Yof color combiner 600. PBS 400 includes a reflective polarizer laminate 490

ali_gned to the 30fir5m9|ﬁ£%3610£fﬁf§t€oi&ﬁi 156956 1PRONESO dhR sirgonal {@thg&gf{gspg@%,second
prisms 110, 120, as described elsewhere. WO 2010/059681PCT/US2009/064927 Afirst, a

second, and & BsfieURBORIEERAHLSE RAIGU S ENR A b 28its S Bnoyurlis J69et PaeiFg e tivdzefie
secondsand thedficeharisond8asad3itdRar R iespertivelyofiagh @i she first, second, and third

wavelength-selective filters (610, 620, 630) can be a color-selective dichroic filter selected to transmit

a first, a second, an§ &sthirhisavete Adthinssnm BiaRshErTespleedighl 0ahdhrengkduther Rtavelength

spectrums of Jightiile andRatitkas e bRAiNeRs aaohpRbile arlarpsrlagtive thohiris-flaks can be
immediately adjacent the respective prism face, such as coated directly on the prism face. In one

aspect, the réfiBeatEINRST Iaminaie P sivamibide hemrferdimiingkrispticarfisoloioThe
color-selectivgeglichigiefiters (&1 FRRiG3M: pdalleative pelanizar damingle.4RQ seoralate to

transmit combined light through the fourth prism face 160, Each unpolarized light input_is split into a
p-circtifarly pBRiAZEe M 4 Orciehn afy potarioBtBrispb ekt bfhp e testih BBt S a4 fourth

prism face 16@sHpeagme cases, the nature, alignment, and efficiency of the components in the
reflective polarizer 15laminate may result in some ﬁolarizatriﬁ%éi.e. elliptical or circular), of the

combined light, as dESEHBUH G Seritrar RO'GHE SApetth ERSse Rl der 220 in
color combings RS MOUMAGEINRAVETEIAIH AU QURIHAtEL B cBRIRSINAIRYY 65D dRENERS iBidhe first

polarization Szi?l}eectligl? of circular polarization, and intercepts reflective polarizer laminate 490. P-

15 circular polarized first color light 642 exits reflective polarizer laminate 490 as reflected s-
circular polarized first light 644. S-circular polarized first light 644 reflects from second
color-selective dichroic filter 620 changing the direction of circular polarization, and
intercepts reflective polarizer laminate 490. S-circular polarized first color light 644 exits
reflective polarizer laminate 490 as transmitted p-circular polarized first color light 645,

20 and passes through fourth prism face 160 as p-circular polarized first color light 645.

The path of a second color light 651 will now be described with reference to FIG.
6, where unpolarized second color light 651 exits fourth prism face 160 as p-circular
polarized second color light 652 and s-circular polarized first color light 655.

Second light source 650 injects unpolarized second color light 651 through second

25 color-selective dichroic filter 620, enters PBS 400 through second prism face 140,
intercepts reflective polarizer laminate 490, and is split into reflected s-circular polarized
second color light 653 and transmitted p-circular polarized second color light 652.
Transmitted p-circular polarized second color light 652 exits fourth prism face 160 as p-
circular polarized second color light 652.

30 Reflected s-circular polarized second color light 653 reflects from third color-
selective dichroic filter 630 changing the direction of circular polarization, and intercepts

reflective polarizer laminate 490. S-circular polarized second color light 653 exits
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According to another aspect, an optional light tunnel 430 or assemblies of lenses 20(not shown) can
be provided for each of the first, second, and third light sources (640, 650, 660), to provide spacing
that separat@®@tHEiBH68burces from the polarizing beam splitter, as well aPprdVRPENRIPII8ie
collimation of light. Light tunnels could have straight or curved sides, or they could be replaced by a
lens system. Different approaches may be preferred depending on specific details of each application,

and those with.gkiliin tha13 3l face100 SiffisHimit-agleGHAgANS RRIAL ARRPACI oA 3aacific
application. An ogtlonal |nt%(];e‘!§tor (not shown) can be provided at the output of color combiner 600

to increase uktdakitrIMdaiTisIRod fRRe BT Rslichrae EBienfd AsmeaggbedisrciPnghtcasulee (640, 650,

660) Comprisﬁélﬁ’ﬁﬁa%ﬁ[‘gﬁﬁ ﬂ&l@%c%mgﬁi@ﬂe@ﬁ%eﬁo(&@isﬁdﬂﬁ%%@9_*1‘-%9%%6%9&1%@%%“C_h as
lasers, laser diodes, organic LED's (OLED's), and non solid 30state light sources such as ultra high

pressure (UHP)ORERIYER bexidnistlpstiyssirttsizgsdropnate tieetsticeiedeniettanar priptigesirces, light

tunnels, lensgse el fuRaraiommpeluLnIng BRaseRh pueRtaRATaI e daaeediJar example.
in Published WO 2010/059681PCT/US2009/064927 U.S. Patent Application No. US 2008/0285129,

the disclosuréSPRhRNE idYehi Included in its entirety. The path of a first color light 641 will now
be described with refgrepas i ki&ir® cWBEIRMYAIaTTE (I SecRiQ light KAl Rxiteferimidsm face

160 as p-circular polarized 5first color light 645 and s-circular polarized first color light 643. First

light source 6%BST5eEROFSAHYENGNST tisiht dthesiLionbhgrYmdees b Sldears M aRer 610,

enters PBS 409Q-feona i atrddsriaia facedfl pilieisapirirgteivegpelagizer laminate 490, and is split
into reflected s-circular polarized first color light 643 and transmitted E-circular polarized first color light

642. RBlected s-cird1Hf 1bbraet GhIYSIP HYRP Baz et g third peloy
polarized firskeRiiNigihtbic filted FRVSBHILRA MBS UBIaRRRISKIZRE Franc@ek light fde@yts reflective

polarizer laminate 490, and reflects from third color-selective dichroic filter 630 changing the direction

of circular poEsfi£5ti¥R PakEiAT AR S Ad [sorlitZBadrilrsied Aguropled wekinsd Hurdrealer first

color light 642 gxitsorhies e PRz sLirmIRAIR AR asthalied’e Bgkirestar polarized first light 644.
S-circular polarized first light 644 reflects from second colgr-selective dichroic filter 620 changing the

direction of circular PaErZstoreismtempaledstd fad cpler skt £ot isfiaradiorosceend el polarized
first coor lighiBddiexitscrairctiverprouren aminateiAQ0 @ sransuittasd Prokaidar selaskedfitst color

light 645, reflective polarizer laminate 490. S-circular polarized third color light 663 exits reflective
polarizer laminate 490 as transmitted p-circular polarized third color light 665, and passes
through fourth prism face 160 as p-circular polarized third color light 665.
Transmitted p-circular polarized third color light 662 reflects from first color-

20 selective dichroic filter 610 changing the direction of circular polarization, and intercepts
reflective polarizer laminate 490. P-circular polarized third color light 662 exits reflective
polarizer laminate 490 as reflected s-circular polarized third color light 664, and passes
through fourth prism face 160 as s-circular polarized second color light 664.

In one embodiment, first color light 641 is green light, second color light 651 is red

25 light, and third color light 661 is blue light. According to this embodiment, first color-
selective dichroic filter 610 is a red and blue (i.e., magenta) light reflecting and green light
transmitting dichroic filter; second color-selective dichroic filter 620 is a green and blue
light reflecting and red light transmitting dichroic filter; and third color-selective dichroic
filter 630 is a green and red light reflecting and blue light transmitting dichroic filter.

30 In one aspect, FIG. 7 is a top schematic view of an optical element configured as a
color combiner 700 that includes a PBS 400. Color combiner 700 can be used with a

variety of light sources as described elsewhere. The paths of light rays of each

2.



20and passes through fourth prism face 160 as p-circular polarized first color light 645. The path of
a second color light 651 will now be described with reference to FIG. 6, where unpolarized second
color light 631026it8/0824%h prism face 160 as p-circular polarized second coR§¢TIgRREBPEAR s-circular
polarized first color light 655. Second light source 650 injects unpolarized second color light 651
through second 25color-selective dichroic filter 620, enters PBS 400 through second prism face 140,

intercepts refleglive ARIRNARL amiRate H Q. R @s%@&ﬁ&?%&%ﬂﬁﬁ%&%éh@@&‘d}@é pRlgrizss! s66pnd color

light 653 and transmitted rEl:circular polarized second color light 652. Transmitted p-circular polarized

second color #grthesn dxifdGodrte prriin diseen Bk e ac N1 weioHTeBBPgHS 652.

30Ref|ecte_d %&%?@@ﬁlﬂ%@”ﬂﬁﬁ mndo%!aﬁ&em @é?e_&%@%%lﬁ&@i@r%ﬁﬁﬁ&@@@é%ﬁ%@@yg igwroic filter
630 changing the direction of circular polarization, and intercepts reflective polarizer laminate 490.

S-circular poldFfé¥laszatenceise 1ght disposstdetvespthofirzea fiecs efdtobard saovd Bsve

polarizer lamingje 49033 HappRYted Rifircular polarized second color light 654, reflects from first
color-selective dichroic filter 610 changing the direction of circular polarization, and intercepts reflective

polarizer laminate 490fiBtaRdAacpdyavr Soedhatenty dhics 641 8xitdtersdivroseiiictiadifinate

490 as reflectgdissaisiiacPriarized PeecPRAMNALIIIN 6a% ARAPF38as dNRLSR ?@Mﬂ? ism face 160
as s-circular polarized second color light 655. The_Eath of a third color gggt 661 will now be

described witttFeRstERER B ®, (vheradhapd miren 1 é dhiepirshtaste dhathisl rFsati&fctace 160
as p-circular pelprizgchthirgh SRF, lIGRb RS2 ANhiFikevatRalatareiiirg 1calor 1Nty 6647 4P Third light

source 660 injects unpolarized third colar light 661 through third color- selective dichroic filter 630,

enterd PBS 4BRARAIGHEIE Fridishaiei 5o spiested Rdranattiod pdidrirsPidniRd e e, and is split

into reflected w=RisRHaMNPIEIZRH HTIEIROIREHERRRE3 and-tRaamiHadRENEHERR BRiarEad #iird color

light 662.
9 light. In one particular embodiment, each of the color-selective dichroic filters and the

broadband mirror can be immediately adjacent the respective prism face, such as coated
directly on the prism face. In one aspect, the reflective polarizer laminate 490 can

15 comprise a polymeric multilayer optical film.

The color-selective dichroic filters (710, 720, 730), and reflective polarizer

laminate 490 cooperate to transmit combined light through the fourth prism face 160.
Each unpolarized light input is split into a p-circularly polarized and an s-circularly
polarized component that are recombined through the fourth prism face 160. In some

20 cases, the nature, alignment, and efficiency of the components in the reflective polarizer
laminate may result in some polarization (i.e., elliptical or circular) of the combined light,
as described elsewhere. In one embodiment described below, each retarder 220 in color
combiner 700 is a quarter-wave retarder orientated at approximately 45 degrees to the first
polarization state 195.

25 According to another aspect, an optional light tunnel 430 or assemblies of lenses
(not shown) can be provided for each of the first, second, and third light sources (740, 750,
760), as described elsewhere. According to another aspect, an optional integrator can be
provided at the output of color combiner 700, as described elsewhere. According to one
aspect, each light source can be any of the light sources described elsewhere, for example,

30 with reference to FIG. 6.
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Reflected s-circular polarized third color light 663 reflects from second color- 15 selective dichroic filter
620 changing the direction of circular polarization, and intercepts reflective polarizer laminate 490.
S-circular pdY&288/98%8color light 663 exits reflective polarizer laminate 4R EIHAYRGHEA p-circular
polarized third color light 665, and passes through fourth prism face 160 as p-circular polarized third
color light 665. Transmitted p-circular polarized third color light 662 reflects from first color- 20selective

dichroic filter 610 chengingiae Aitretianeligkeviar RalarizAtRNIRRIRISIARRISIRIIRE ¥ RO Iarizer

laminate 490. P-circular polarized third color Iight 662 exits reflective polarizer laminate 490 as

reflected s-ciféhfae gBReiiderehifsicentr |light 664 cxia foasderritioligh 160ren présisitaceolaitred

s-circular polapizech RIUM FAAMIBREREdIHORFRM PRAIREALI ML £Ajor light 641 is green light,
second color light 651 is red 25light, and third color light 661 is blue Ii%ht. According to this

embodiment, first cdidist SiBCRE SHIbIBfRsr oo b st Itk Ahiyerneh) iigheeltecting and

green kght trapritiing; shshiors fitern pesend pRiouseIBsIyeHdi i BitsHtelc8 43 ds agragRsand blue light
reflecting and red light transmitting dichroic filter, and third color-selective dichroic filter 630 is a green

and red light FefleeiingPavriBridanghetetiiniimhd drRlErBitoAREECHS -eleudrderizrd firsscalggp

schematic viqyglgfﬁ;@ Qﬁ&@ﬁiﬁ{g{ﬂ@@%@fﬁ{g%%@lﬁﬁ@g@[ g&mqq%g{ 789 that includes a PBS 400.
Color combiner 700 can be used with a variety of light sources as described elsewhere. The paths of

light rays of each WRSRetedosUeBI BEPIUESA60/0628s Ty 4A2 aRBRCLI AT MHiid 43%m a first, a

second, and gjRiEhight BRI ARIEF4B0 BB RECIRREOMEN BTl R ular oA tHaaibdilivstiata he
function of the various components of color combiner 700. PBS 400 includes a reflective_polarizer

laminafe 4905l5r8UeBAEFRElsRIRR S 470N SrstErwies palepsed fisteriostight THAGSHArsACEE S first

and second pisamealilthid40 499 desaribestelspwhentar poldlitat ARERISe RN WAV alangiisselective
filter (710, 720) are disposed facing the first prism face 130, and a third wavelength-selective filter 730

is disposed fAEHH AESR &5l BREmPredeWADP A siersibish aNrlé# 7G4s disposed facing the third

prism face 150. Eacimahihgtiish-saeans pandithiadivavsiengiiselecive firssivolfoldARer”30) can
10be a color-selective dichraic filter selected to transmit a first, a, second, and a third wavelength

spectrum of IigRiNEEFEGivell i tqnrucedhaar Wavefehtisenedng e draginn of sHeUticular
embogdiment, Rash-afithe Aelantsplestive iiehieipdidatecnchthadioadipapid-mingotai-be fimmediately

adjacent the I;:eo?glre ﬁgf{te 4gser2igsa' ?eeﬂe%l‘fli(\:fg Ia)'glgroigetl? ?arninate 490 as reflected s-circular polarized first
light 745, and passes through fourth prism face 160 as s-circular polarized first color light
745.
The path of a second color light 751 will now be described with reference to FIG.
20 7, where unpolarized second color light 751 exits fourth prism face 160 as p-circular
polarized second color light 754 and s-circular polarized second color light 755.

Second light source 750 injects unpolarized second color light 751 through first
color-selective dichroic filter 710, enters PBS 400 through first prism face 130, intercepts
reflective polarizer laminate 490, and is split into reflected s-circular polarized second

25 color light 753 and transmitted p-circular polarized second color light 752.

Reflected s-circular polarized second color light 753 reflects from third color-
selective dichroic filter 730 changing the direction of circular polarization, and intercepts
reflective polarizer laminate 490. S-circular polarized second color light 753 exits
reflective polarizer laminate 490 as transmitted p-circular polarized second color light 754,

30 and exits fourth prism face 160 as p-circular polarized second color light 754.

Transmitted p-circular polarized second color light 742 exits reflective polarizer

laminate 490, reflects from broadband mirror 770 changing the direction of circular

4.



directly on the prism face. In one aspect, the reflective polarizer laminate 490 can 15comprise a
polymeric multilayer optical film. The color-selective dichroic filters (710, 720, 730), and reflective
polarizer la @281 %9 eHoperate to transmit combined light through the fouRRIFFHI449260. Each
unpolarized light input is split into a p-circularly polarized and an s-circularly polarized component that
are recombined through the fourth prism face 160. In some 20cases, the nature, alignment, and

efficiency of theGompanemts idhe pafiebe ROz JAminale-mey. resulici sQpaRlazadan (.e.,

elliptical or circular) of the combined light, as described elsewhere. In one embodiment described

below, each rét 3§ rebioicdssibinerrogss langnaect A aveciiasiehbr-etieHetplaizdproximately
45 degrees tQdhehfirgLROIBHZAHED ARt IR R TORERHRE B ANAID &L ARREARARH AL IN T UNNel

430 or assemblies of lenses (not shown) can be provided for each of the first, second, and third light
sources (74099]90,112367,5§s described elsewhere. According to another aspect, an optional integrator

can besprovided at thg ol Of ﬁﬁlﬁr&@&@ﬁlﬁg 7610 A5 fiRe BURRIBISEIDRRE AT EREEHAOFIR0nE

aspect, each light source can be any of the light sources described elsewhere, for example, 30with

reference to FYEST6 URRRDAebIBEd sl dight) 196y PrisTT RS 469 8% B-fik by sPlgked41 il

now be descriped with 'I?%E{%Q%ﬁ‘a FGediavpsreivapalarigsd fingheotoy light 741 exits fourth prism
face 160 as p-circular polarized first color light 744 and s-circular polarized first color light 745. First

light source 740 injeEtitddisoireaagerteP dBissthgrpoitaiahyH friechebt Bdaamed dhertsridmter 710,
enters PBS 400 hrodiah fistaTiam fagecARes ingraspimssiiacivenelprgariamnmetRepnd is split

into reflected s-circular polarized first color light 743 and transmitted p-circular polarized first color light

742. RBilectetfleetixa e pErss JauinAe d0Mbrngre Rkt istRtadersiA tritereidtopokeieediuidicalesic filter
730 changingithg dieatieniGittd@profenatenard IRIRICBRIBlight 762. Transmitted p-circular

polarized third color light 762 exits fourth prism face 160 as p-circular polarized third
color light 762.
Reflected s-circular polarized third color light 763 reflects from either first or
15 second color-selective dichroic filter (710, 720) changing the direction of circular
polarization, and intercepts reflective polarizer laminate 490. S-circular polarized third
color light 763 exits reflective polarizer laminate 490 as transmitted p-circular polarized
third color light 764, reflects from broadband mirror 770 changing the direction of circular
polarization, and intercepts reflective polarizer laminate 490. P-circular polarized third
20 color light 764 exits reflective polarizer laminate 490 as reflected s-circular polarized third
color light 765, and passes through fourth prism face 160 as s-circular polarized third color
light 765.
In one embodiment, first color light 741 is blue light, second color light 751 is red
light, and third color light 761 is green light. According to this embodiment, first color-
25 selective dichroic filter 710 is a red and green light reflecting and blue light transmitting
dichroic filter; second color-selective dichroic filter 720 is a green and blue light reflecting
and red light transmitting dichroic filter; and third color-selective dichroic filter 730 is a
blue and red light reflecting and green light transmitting dichroic filter.
In one aspect, FIG. 8 is a top view schematic of an optical element configured as a
30 color combiner 800 that includes a first PBS 400 and a second PBS 400°. Color combiner
800 can be used with a variety of light sources as described elsewhere. The paths of light

rays of each polarization state emitted from a first, a second, and a third light source (840,
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10reflective polarizer laminate 490. S-circular polarized first color light 743 exits reflective polarizer
laminate 490 as transmitted p-circular polarized first color light 744, and exits fourth prism face 160 as
p-circular po¥Pize@fir8é%olor light 744. Transmitted p-circular polarized firsPEJIRISROMY 74222 xits
reflective polarizer laminate 490, reflects from broadband mirror 770 changing the direction of circular
15polarization, and intercepts reflective polarizer laminate 490. P-circular polarized first color light 742

exits fef'eCtivgﬂw'@éii?%Jr@HquflﬁR}@%,fﬁi IRt G WRE RRlRHREM AL K 2. ARG PaSSES

through fourth prism face 160 as s-circular polarized first color light 745. The path of a second color
light 751 will ﬁ%@@ﬂ%@ﬁﬁ@@%ﬂ@@?@@f&b st E BP0 WiRehedenp st efirsbro REBBTSE light 751

exits fourth prigm{Ac& 369 A% BB SR RPRIIZEh BEFARALCAIBT HBRbIRMARAMS IR Balarized
second color light 755. econd light source 750 injects unpolarized second color light 751 through

first color-selé¥Rrerliidigiadinsonrd orisated BE3 %60 drretibrrmiseyhers rReecrdd BdR&pts reflective
polarizer laminaig 499, sapshis Splik e peflestad siisdlavpoindzed vagenH < Perlaright thgand

transmitted p-circular polarized second color light 752. Reflected s-circular polarized second color

light 753 reflets fothogsidd ebrses e divecaridrsies mdiryame sarrid g isagité ot OF &tcular
polarization, apgiBeAcants KeflecivamolrsraslMiRe A9 (SaisHRE PalasZed sacopdkapiasdight

753 exits reflectiv%épolarizer laminate 490 as transmitted p-circular polarized second color light 754,

30and exits fdafthriertddeBdet?ds prdirctasebraspdhrad seferios B Gighdisased adigesiditittdd

p-circular polgﬁgﬁg@@é:q)ml&qggtlmgm‘exits reflective polarizer laminate 490, reflects from

broadband minor 770 changing the direction of circular WO 2010/059681PCT/US2009/064927
10 A first and a second wavelength-selective filter (810, 820) are disposed facing the

second prism face 140 of the first PBS 400. A third wavelength-selective filter 830 is
disposed facing the second prism face 140’ of the second PBS 400°. Each of the first,
second, and third wavelength-selective filters (810, 820, 830) can be a color-selective
dichroic filter selected to transmit a first, a second, and a third wavelength spectrum of

15 light, respectively, and reflect other wavelength spectrums of light. In one particular
embodiment, each of the color-selective dichroic filters and the broadband mirrors can be
immediately adjacent the respective prism face, such as coated directly on the prism face.
In one aspect, the reflective polarizer 190 can comprise a polymeric multilayer optical
film.

20 The color-selective dichroic filters (810, 820, 830), and reflective polarizer
laminates 490, 490’ cooperate to transmit combined light through the fourth prism faces
(160, 160’). Each unpolarized light input is split into a p-circularly polarized and an s-
circularly polarized component that are recombined through the fourth prism faces (160,
160”). In some cases, the nature, alignment, and efficiency of the components in the

25 reflective polarizer laminate may result in some polarization (i.c., elliptical or circular) of
the combined light, as described elsewhere. In one embodiment described below, each
retarder 220 in color combiner 800 is a quarter-wave retarder orientated at approximately
45 degrees to the first polarization state 195.

An optional retarder 225 can be disposed facing the fourth prism faces (160, 160°).

30 The optional retarder 225, color-selective dichroic filters (810, 820, 830), reflective

polarizer laminates (490, 490°), and broadband reflectors (870, 880) cooperate to transmit

orthogonal linear polarization states of each color light through the fourth prism faces

06-



polarization, and intercepts reflective polarizer laminate 490. P-circular polarized second color light
752 exits reflective polarizer laminate 490 as reflected s-circular polarized second light 755, and
passes throdgh200M8R%e$km face 160 as s-circular polarized second color |BRT/E53009106d98Ath of a
third color light 761 will now be described with reference to FIG. 7, where unpolarized third color light
761 exits fourth prism face 160 as p-circular polarized third color light 762 and s-circular polarized first

color light 76%; 60 THYFLaI BRUTGR:A8dRIRREaRSIakze {pERIR lightoF G L feauaiHhird

color-selective dichroic filter 730, enters PBS 400 through second prism face 140, intercepts

10reflective peAssFad RiRTatECHIACAD it SHIMARES Temecte@ s iR Bl At seprewiadsisrtght 763

and transmittgepCireIaL prlapzaeithiigcqlqr light 762. Transmitted p-circular polarized third color
light 762 exits fourth prism face 160 as p-circular polarized third coloréli{ght 762. Reflected s-circular

polarized third color i§FRISE SRR FoPenthan il Hebt et serssaib irsrablensrer (710,
720) changingshgditeeiion ekgireviat PRIRtzatisn NG intesesiis Jeil aGtiy e palasiaetlaminags ¢t 90.

S-circular polarized third color light 763 exits reflective polarizer laminate 490 as transmitted p-circular

polarized thir§DicsIRfeeT7Bod pbTadts froMOsAsAdBAAR AT B PeCbBRIHE M M &RNCaR St cular
polarization, apshiatersents safirelbrepelacizabian e MWsRisicuigrnalarized thkd0ealy light

764 exits reflective polarizer laminate 490 as reflected s-circular éfolarized third color light 765, and

passes throudPPRStrBa G 1saH R aBera L S ABYRfidh ek ser trirdssrdharytiscrbere, foncgample,
embodiment, fifgf £aQ&ig HLisblue light, second color light 751 is red light, and third color light
761 is f?reen light. According to this embodiment, first color- 25selective dichroic filter 710 is a red and

greenfight reflecting’@sPBhuefit At aplanlishtitnrblaanebe deseibedadthdsfsesnss ddigidiilter 720
is a green and hlue Jigidisefiegting: Db F e RO} tranaHtine sisiaicditen sngribipg Salgr-sefactive

dichroic filter 730 is a blue and, red Ii{ght reflecting and green light transmitting dichroic filter. In one

aspect, FIG. 8iSHaoprisired dHshralrr Siekhbistind Murforteadage /<y 2 s9senbifr L 6Athinessoo
that includes g fighPRRASandt: 258 apa RBS 490 opabancmbiner 8R0cardeeuseshiyitr @ variety

of light sources as described elsewhere. The paths qf light rays of each polarization state emitted from

a first, a seco SiTH & PRtk Sehisde feaiarird DEi 6RIBOBSYFET AN PoRsdfiEad styst color

15 light 847, respectively.

First light source 840 injects unpolarized first color light 841 through first color-
selective dichroic filter 810, enters first PBS 400 through second prism face 140,
intercepts first reflective polarizer laminate 490, and is split into transmitted p-circular
polarized first color light 842 and reflected s-circular polarized first color light 843.

20 Transmitted p-circular polarized first color light 842 exits first PBS 400 through fourth
prism face 160, and changes to s-polarized first color light 846 as it passes through
optional quarter-wave retarder 225.

Reflected s-circular polarized first color light 843 exits first PBS 400 through first
prism face 130, enters second PBS 400’ through first prism face 130°, and intercepts

25 second reflective polarizer laminate 490°. S-circular polarized first color light 843 exits
second reflective polarizer laminate 490° as transmitted p-circular polarized first color
light 844, reflects from first broadband mirror 870 changing the direction of circular
polarization, and intercepts second reflective polarizer laminate 490°. P-circular polarized
first color light 844 exits second reflective polarizer laminate 490’ as reflected s-circular

30 polarized first color light 845, exits second PBS 400’ through fourth prism face 160°, and
changes to p-polarized first color light 847 as it passes through optional quarter-wave

retarder 225.
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850, 860) are shown in FIG. 8, to more clearly illustrate the function of the various components of color
combiner 800. First PBS 400 includes a first reflective polarizer laminate 490 aligned to the first
polarization ¥R W56t posed between the diagonal faces of first and senH HYEML4P37 120, as
described elsewhere. Second PBS 400' 5includes a second reflective polarizer laminate 490" aligned
to the first polarization state 195, disposed between the diagonal faces of first and second prisms 110',

120', as described efgpuia&ra isbRIathantf 8¢ SIon AR, SeASRRSA adtRGent-tikd wrisy face

150" of second PBS 400', and a second broadband reflector 880 is disposed adjacent third prism face

150 of first PBSWBNe ¥oretdzehirecsd coher Waletod grisdrastiveriyre figa d 08 26 fiareR #facing
the second prismdace JARlthefsatiRBSAAM A shisd Ivaualepatimssiectiye Bier&3Q isslispaped

facing the second prism face 140’ of the second PBS 400'. Each of the first, second, and third
wavelength-stisciieitaiel pared seerneat) alighe & doibhsentionié GiaHrs ittt Fdatdeied o transmit

a first, & seconfnapdadbirdnayeiBRIt %gﬁ@%@ﬁ&&ﬁ%@@%d&%%%i&ﬁlYgl?e%Geﬂ{%ﬁB- griyavelength

spectrums of light. In one particular embodiment, each of the color-selective dichroic filters and the
broadband mifetaderlBdiahiedidtsReadyabent the respective prism face, such as coated directly on

the prism face. In ong&.asREGLHNQ fedlegHy SRR IaR 1R, CaBconI b6 A PRI WRELIF SNLHIRYSH Pptical
film. 20The color-selective dichroic filters é8101 820, 830), and reflective polarizer laminates 490, 490'

cooperate to FARERFEHNRARMaIGHHiRF SaBrentertdiihEbnAd ftheughstseond prismckisnitflarized light

input is split inieAQG RN RAEZE AR Asna Kb Y ROlasRed aemRRIsMABL @F& Iscombined
through the fourth prism faces (160, 160'). In some cases, the nature, alignment, and efficiency of the

comp&ents RPIAEZSE518BE\RO19614EDER 1Al Re4EA res iR sBpis andsqles lightgidhl or
circular) of the gasabiRerpiehbuas gersiiRad &lsevbs® 1phessemhodirnant dasorihes PelRwteach

retarder 220 in color combiner 800 is a quarter-wave retarder orientated at ?Eproximately 45 degrees

to the first poRiiiFadere e 2rdshangsh iRy etz soBLe B gl oSedt fhesthdtsth prism
faces (160, 16pHe4 harRRtivnad retakien2’s, color-selective dichroic filters (810, 820, 830), reflective
polarizer laminates (490, 490'), and broadband reflectors (870, 8@8?(1)%) cooperate to transmit orthogonal

linear polarization sREESHFEsHEBIRF REREATOIAAHSRIHEREM fxdsdingy&BS 400 through
2010/059681Rkstl i5R0R9E065H 241656 cbAA PBRthe0firsi-aich TRePpE sRBactA D) 4081 inesegstively. In

one embodiment described below, retarder 225 is a quarter-wave retarder orientated at approximately

45 degrees té?ﬁ(g‘lﬂ&%&y&gﬁ]&ﬁlﬁé{%{&%‘fe 490°. S-circular polarized second color light 853 exits

second reflective polarizer laminate 490° as transmitted p-circular polarized second color
light 854, reflects from first broadband mirror 870 changing the direction of circular
polarization, and intercepts second reflective polarizer laminate 490°. P-circular polarized

20 second color light 854 exits second reflective polarizer laminate 490 as reflected s-
circular polarized second color light 855, exits second PBS 400’ through fourth prism face
160’, and changes to p-polarized second color light 857 as it passes through optional
quarter-wave retarder 225.

The path of a third color light 861 will now be described with reference to FIG. §,

25 where unpolarized third color light 861 exits fourth prism face 160 of first PBS 400 as s-
circular polarized third color light 865 and fourth prism face 160’ of second PBS 400’ as
p-circular polarized third color light 862. The optional quarter-wave retarder 225 changes
the circular polarized lights to p-polarized third color light 867 and s-polarized third color
light 866, respectively.

30 Third light source 860 injects unpolarized third color light 861 through third color-
selective dichroic filter 830, enters second PBS 400’ through second prism face 140°,

intercepts second reflective polarizer laminate 490°, and is split into transmitted p-circular
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According to another aspect, an optional light tunnel 430 or assemblies of lenses 5(not shown) can be
provided for each of the first, second, and third light sources (840, 850, 860), as described elsewhere.
According taVEhutH¥#SeHlect, an optional integrator can be provided at the QBB+ EEmbiner
800, as described elsewhere. According to one aspect, each light source can be any of the light
sources described elsewhere, for example, with reference to FIG. 6. 10The path of a first color light

841 will now b dlescyibar il s elatesce atﬂdFrk@leéber%ﬁ?cumpmgﬁ%fﬁﬁ&&emiggﬁ@gﬂés exits fourth
prism face 160 of first PBS 400 as p-circular polarized first color light 842 and fourth prism face 160’ of

second PBS Atremidedipogisrul anbaireishugieployhteba 863 paitseernd §Bx t0wvdveuharder 225

changes the gijculapRglarieed fohtsippiarikesl sk iR uioht 848 rarl BeRalatized ditst color 15light
847, respectively. First light source 840 injects unpolarized first color light 841 through first

color-selectivEtEERe iR grortenterameeri8s2460 through second prism face 140, intercepts first
reflectiye polarizer lamnaie #920i-aMndrs SRIL I LN IR EhP suBcesak Ralardehirabgolardight 842

and reflected s-circular polarized first color Ii%}t 843. 20Transmitted p-circular polarized first color light

842 exits firstt PBPHOD fRAFSUGN roirsplist P« 4@ dranahcieh gestofacp ddlliznd firireendy fight 846

as it passes throsgR OBHRRBLE u@fﬁ%zree/ag@.r@t%w&nz?rép%lanzéaqﬂ&at@&&ﬁigﬁvl%sp@!ﬁmg# first color
light 843 exits first PBS 400 through firsg rism face 130, enters second PBS 400 thro_ué%t] first prism

face 130, andeftets el sedanunan e ehmiie gy laaizsddhisd polaribelt f4-color

light 843 exitsgreentdaflecive BRladsaidanminatestd As tignsautiesicbevianupa!aored diish color
light 844, reflects from first broadband mirror 870 char;g?ir%%éae direction of circular polarization, and

intercéPts sedBAdVERBIVESbISHsEH TSP aEgAdpmip rir6isT sy arigstbihightdan ights

second reflecgiye pelafizarlaminebidias (allacirdiscicracdonalaricer fisstaaled Hakd 8dior exits
second PBS 400' through fourth prism face 160', and changes to p-polarized first color light 847 as it

passes throuBIEBn s it ERE PRIV Odturieh Sourth pessoiisroldb e ehersessorrmlazed

third color light 867 as it passes through optional quarter-wave retarder 225.
In one embodiment, first color light 841 is red light, second color light 851 is blue
15 light, and third color light 861 is green light. According to this embodiment, first color-
selective dichroic filter 810 is a blue and green light reflecting and red light transmitting
dichroic filter; second color-selective dichroic filter 820 is a green and red light reflecting
and blue light transmitting dichroic filter; and third color-selective dichroic filter 830 is a
blue and red light reflecting and green light transmitting dichroic filter.
20 In one aspect, FIG. 9 is a top view schematic of an optical element configured as a
color combiner 900 that includes a first PBS 400 and a second PBS 400°. Color combiner
900 can be used with a variety of light sources as described elsewhere. The paths of light
rays of each polarization state emitted from a first, a second, and a third light source (940,
950, 960) are shown in FIG. 9, to more clearly illustrate the function of the various
25 components of color combiner 900.
First PBS 400 includes a first reflective polarizer laminate 390 aligned to the first
polarization state 195, disposed between the diagonal faces of first and second prisms 110,
120, as described elsewhere. Second PBS 400 includes a second reflective polarizer
laminate 390’ aligned to the first polarization state 195, disposed between the diagonal
30 faces of first and second prisms 110°, 120°, as described elsewhere. The first and second

reflective polarizer laminate (390, 390°) each include only one retarder disposed between

9.



The path of a second color light 851 will now be described with reference to FIG. 8, where unpolarized
second color light 851 exits fourth prism face 160 of first PBS 400 as p-circular polarized second color
light 852 an¥W fb24H/$176M1 face 160' of second PBS 400' as s-circular polariZ&€d/3S260e#idT light 855.
The optional quarter-wave retarder 225 5changes the circular polarized lights to s-polarized second
color light 856 and p-polarized second color light 857, respectively. Second light source 850 injects

unpolarized sgeqRfleeipr fightBEL IoManSecandkalarpRIRgtYe diehrois iy 829, gnierslrst PBS

400 through second prism face 140, intercepts first reflective polarizer laminate 490, and is split into
transmitted pSEREdIAR Fdfdothrized second color light 852 and reflected s-circular polarized second

color light 853. Trangmitted Rraiteulardnelatzeg sesandicolarior 1853 its it RBI ARG hreugh

fourth prism face 160, and char&as to s-polarized second color ght 856 as it passes through optional

quarter-waveSfSei eFisparte it Ridhs first Pt Mrize Aty densiigpicat e dilier 724 BS 400
through 15fir$ﬁﬁﬂﬁ'€lifﬂ‘éﬁ1%$9q S 9@@%&%3@&%@'&3@&&1&@@&%.f%ﬁép'th@@gs@tercepts

second reflective polarizer laminate 490'. S-circular polarized second color light 853 exits second

reflective polafis@tdathhftEdhoevalsrathssiresypitireald! otz 84N ee8iRs evpielightostse reflects
from first brogglhapet mitsps &40 changinsnine dirscic QheirgHips Bekarvalgs andpteigaris second

reflective polarizer laminate 490'. P-circular polarized 20second color Ii%:\t 854 exits second reflective

polarizer lamielt ropesidvRlnetidd<dleatethsr warsvrhsenssiussior ight dsnepditigtlahd PBS 400
through fourth ppsgmiase dRY otk CaNAR3QIPRRIAIBRABREON ¢RI ok lighl £515 agjifdeasars through

optional quarter-wave retarder 225. The path of a third color light 861 will now be described with

referelfte to FeEPestive RifsEY&agrptichise aomRe Lsrstygnm: e Pasrdase i prsHspsst 160 of first PBS
400 as s-circyiarplarragrthird 9olesdishhBasansbiouith prsmiface dptcafmacond PBS 400" as

p-circular polarized third color light 862. The, optional cﬁj)arter-wave retarder 225 changes the circular

polarized lights to p-pBtieastireivsidichgricdBFdd Looidri2e® wand ©olerighe 8B zEspectively.
30Third light sahcaE6000e8S chipRiatizarkthisdcolemight BAdHieuabhtiedrs el pselagives dichroic

filter 830, enters second PBS 400" through second prism face 140, intercepts, second reflective

polarizer lami&& 400 aFerls wmplptiaed diehiivy - spilinie WorobiBRseBabTecrdb9/064927

15 polarized component. The s-circularly polarized component is converted to a p-polarized
component resulting in a p-polarized combined output through the fourth prism faces (160,
160”). In some cases, the nature, alignment, and efficiency of the components in the
reflective polarizer laminate may result in some polarization (i.c., elliptical or circular) of
the combined light, as described elsewhere. In one embodiment described below, each

20 retarder 220 in color combiner 900 is a quarter-wave retarder orientated at approximately
45 degrees to the first polarization state 195.

A half-wave retarder 225 is disposed between the first prism faces (130, 130”) of
first and second PBS (400, 400°), respectively, as shown in FIG. 9. The half-wave
retarder 225, color-selective dichroic filters (910, 920, 930), and reflective polarizer

25 laminates (390, 390”) cooperate to convert circular polarization states of each color light to
the corresponding orthogonal circular polarization state. In one embodiment described
below, half-wave retarder 225 is orientated at approximately 45 degrees to the first
polarization state 195.

According to another aspect, an optional light tunnel 430 or assemblies of lenses

30 (not shown) can be provided for each of the first, second, and third light sources (940, 950,
960), as described elsewhere. According to another aspect, an optional integrator can be

provided at the output of color combiner 900, as described elsewhere. According to one
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polarized third color light 862 and reflected s-circular polarized third color light 863. Transmitted
p-circular polarized third color light 862 exits second PBS 400' through fourth prism face 160', and
changes to PrESHNA86fird color light 866 as it passes through optional quRELAMY MR Tter 225.
5Reflected s-circular polarized third color light 863 exits second PBS 400" through first prism face 130',
enters first PBS 400 through first prism face 130, and intercepts first reflective polarizer laminate 490.

S-circular polagzed tird cAIPLIGRERER GXUR b3 FelRAIS R FRLIANINAEHRI A3 aRsmied
p-circular poIargzed’thwd color light 864, reflects from Second broadband mirror 880 changing the
direction of cindthdiefsarage488A010and intercepts first reflective polarizer laminate 490. P-circular

polar@zed th@rd COWT?E@})%%%%H sbigt W@@%ﬂi%wq{@H@@iﬂ@@ﬁﬁﬂ%ﬁ%ﬁ@'&'&ﬁ@!a},
polarized third color light 865, exits first PBS 400 through fourth prism face 160, and changes to

p-polarized tHifRFEDIBIRGHE B A48 RlaisgbtPd i ooshardtifese 800 fdistddB 280 g5 ne
embodiment, fiss-GRIPKHghLRAishied Hght RREANS:RRIALIZNKESdris-BhHR PBYIIN andthird color light

861 is green light. According to this embodiment, first color-selective dichroic filter 810 is a blue and
green light refkiirghfEstealngHeltamitting dichroic filter; second color-selective dichroic filter 820 is

a green and red light1eflgehpgoand bhueilipghtdranrnitieg dishedie gk and Mﬁ%mm@ﬁ%ﬁﬁﬂve
r

dichroic filter 830 is a blue and red light reflectin% and green light transmitting dichroic filter. 20In one

aspect, FIG. §584itsslinBiRisditshalt srisssdpt AR Hresshgtreadrisdise ddbiner 900 that
includes a firshRRep#ORraNd fes660 oI Bor40in6e 199 ComPIn’p ROR AR ReMERE puihiAvarety of

light sources as described elsewhere. The paths of light rays of each polarization state emitted from a

first, d Secondirstf® Rl direlead seusL s dPkdZeA IR folerdisht 8 inotererdditydiRistrate
the function gfdhei¥aliars £516PMARRANISOfIHQTIYINRRALh fourikssRBSARO Bicludes a first

reflective polarizer laminate 390 aligned to the first polarization state 195, di%osed between the

diagonal faces of firstlfgsdcoritrphsrRlarisd ot cRltdisnid srebiiiarE ESctUhthionsh Atiey
includes a sepaRd raflecyvedpalaizes airale PoUaneiedhe fissk palpiizatRRsstatadip, disposed

between the diagonal 30faces of first and second é;prisms 110", 120, as described elsewhere. The first

and second rBAEHOXCISIAMAS 2N FRAEE ¢560n 885 d20h thravefe (st HNE faesr Y difbsed between

WO 2051 0/059631R61E A tA00e49 honairelestiuerrolalzepI9R @neppsaesdiva rfir sorsiamHi 10,
110" of PBS (400, 400", as shqwn.in FIG. A first and a second wavelength-selective filter (910,

920) are dispdsed iy and @@(‘?Bﬂﬁeﬁ?%%i%ﬁéaﬁ%atﬁ Y ST B Loy RHAPR AR B selective

filter 930 is  color light 945, reflects from third color-selective dichroic filter 930 changing the
direction of circular polarization, and intercepts second reflective polarizer laminate 390°.
S-circular polarized first color light 945 exits second reflective polarizer laminate 390° as
20 transmitted p-polarized first color light 946, and exits second PBS 400’ through fourth
prism face 160°.
The path of a second color light 951 will now be described with reference to FIG.
9, where unpolarized second color light 951 exits fourth prism face 160 of first PBS 400 as
p- polarized second color light 952 and fourth prism face 160’ of second PBS 400’ as p-
25 polarized second color light 956.
Second light source 950 injects unpolarized second color light 951 through second
color-selective dichroic filter 920, enters first PBS 400 through second prism face 140,
intercepts first reflective polarizer laminate 390, and is split into transmitted p- polarized
second color light 952 and reflected s-circular polarized second color light 953.
30 Transmitted p- polarized second color light 952 exits first PBS 400 through fourth prism
face 160.
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5 disposed facing the second prism face 140’ of the second PBS 400'. Each of the first, second, and
third wavelength-selective filters (910, 920, 930) can be a color-selective dichroic filter selected to
transmit a fiN© 208881 and a third wavelength spectrum of light, respectiVel/UaAEfiEother
wavelength spectrums of light. In one particular embodiment, each of the color-selective dichroic filters
can be immediately adjacent the 10respective prism face, such as coated directly on the prism face. In

one aspect, the reflagliye-RAIALIZRNEIYEAMSAMBESRIR ABNITRHG I UHIRYEL OPHSAU (0 ThrougH NE

color-selective dichroic filters (910, 920, 930), and reflective polarizer laminates 390, 390" cooperate to

transmit comBise gt trFoddh. tiengarte pricksukieds s drsoondterinrUipn 2ok a8 fighssebut is split

into a IO-IOO|ar{%ﬁqlgﬂﬂgﬁflx§a%%{§flﬁérl§m|éﬁ%?@s@%ﬂﬁmhoﬁh%%ﬁﬁﬁlﬁﬁ%ﬁﬁﬁ'ﬁ&%dl@@"[‘E’ﬂﬁlent is
converted to a p-polarized component resulting in a p-polarized combined output through the fourth

prism faces (IBOICEBLY PRt AsE ChbED ke pitir@inatg R ntP eitr watapeksized assvdhsptients in the

reflectiye polafizeokminaie s Rkl SpONaPalaiaalan 106: Lllpticab ek drciap i ike Lombined
light, as described elsewhere. In one embodiment described below, each 20retarder 220 in color

combiner 900¢6 ¢ GaleE gl Petsflistdiiemtthid eRlapprbsaivatdigsicffraes brhraging the

polarization sggec48R oUW eIaIdar %?cﬁi{ﬁé%%%%sﬁ‘&&ﬁi\f\@%ﬁb@ Feshprismdases G090, 1307)
of first and second PBS (400, 400"), respectively, as shown in FIG. 9. The half-wave retarder 225,

color-selective-GiERHIPRkIZed 1es 099 podeidjehhdP reprattivee psti e e ipipiites  psgpatsoldy)”

cooperate o GORYRELAHCY IR RAlATEAtIREMHA G RTIRAE 50 andighiiadbenaoresrondingeghogonal
circular polarization state. In one embodiment described below, half-wave retarder 225 is orientated at

approdimateljorsyagssefas d0tirspbririzatbiceatbooty gkt fing to another aspect, an optional
light Tunnel 430 or aggepaklies LiHRALRIBUEAITBNONMIN) AN RedpseMIROF AR eaeiieatihs firef, second,

and third light sources (940, 950, 960}, as described elsewhere. According to another aspect, an

optional integfige camarizest ibed crlgrdightptd srisifethmsisa et oL atsermutPéisstifeds.

According to gNolarized third color light 962 and fourth prism face 160 of first PBS 400 as p-
polarized third color light 966.

15 Third light source 960 injects unpolarized third color light 961 through third color-
selective dichroic filter 930, enters second PBS 400’ through second prism face 140°,
intercepts second reflective polarizer laminate 390°, and is split into transmitted p-
polarized third color light 962 and reflected s-circular polarized third color light 963.
Transmitted p- polarized third color light 962 exits second PBS 400’ through fourth prism

20 face 160°.

Reflected s-circular polarized third color light 963 exits second PBS 400’ through
first prism face 130°, changes to p-circular polarized third color light 964 as it passes
through half-wave retarder 225, enters first PBS 400 through first prism face 130, and
intercepts first reflective polarizer laminate 390. P-circular polarized third color light 964

25 exits first reflective polarizer laminate 390 as reflected s-circular polarized third color light
965, reflects from either first or second color-selective dichroic filter (910, 920) changing
the direction of circular polarization, and intercepts first reflective polarizer laminate 390.
S-circular polarized third color light 965 exits first reflective polarizer laminate 390 as
transmitted p- polarized third color light 966, and exits first PBS 400 through fourth prism

30 face 160 as p-polarized third color light 966.

In one embodiment, first color light 941 is red light, second color light 951 is blue
light, and third color light 961 is green light. According to this embodiment, first color-
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WO 2010/059681PCT/US2009/064927 aspect, each light source can be any of the light sources
described elsewhere, for example, with reference to FIG. 6. The path of a first color light 941 will
now be des¥D ol ¢&¥erence to FIG. 9, where unpolarized first color ligMI4US2EIIRh prism
face 160 of first PBS 400 as p- 5polarized first color light 942 and fourth prism face 160" of second
PBS 400" asp- polarized first color light 946. First light source 940 injects unpolarized first color

light 941 throygB fifst GRIBGREIMEM I YR ALGH %}&neﬂfgﬁ{ %{Hé&tﬁ%%r@%&hﬁ%&&%ﬁ@ﬁ%ﬁ%”sm face

140, intercepts first reflective polarizer laminate 390, and IS sr%it into tfransmitted p-polarized 10first

color light 94lishtpiefidiste acsanifcentarpsisrt s diedreis Sty HR0 432 Braps At aeddighb refisig st color

light 842 exits, fi§s§1EBR ALRANAHER AR REISMIAGRILEGd colbrefieGiadutircylarmelasmed first color
light 943 exits first PBS 400 through first prism face 130, changes to p-circular polarized first color light

944 as it pas$ectrrdugh heht-liHsetingavefberson lightdransausing dishraisditsfough first prism face 130/,
and 15ntercepts se¢ppdd aliecliveipolesizes lBpindiesdRinfrcheuips RRlaraes drstcoluliaht 944 exits

second reflective polarizer laminate 390" as reflected s-circular polarized first color Ii&%ht 945, reflects

from third colBrceKIEeaPRERMIBRO hat iosydesnbinpRBe dHeendr s ardLiiHoMriz&tRIAr and

intercepts secgpfbrieflemineRalBEiaeEdaminateadlf- of tianRelarized fiist gelosiahic-I4mexits
second reflective polarizer laminate 390' as 20transmitted p-polarized first color light 946, and exits

second PBS Bosipfoiedh ol pribriokeiatin state pRétsH IP & Sdbad ot it a8 d lighow be

described withy{pirerne® 100565 1 BewyhesannpRiarizrsl secRndGelercialtiAndnarita forribiRrisin face
160 of first PBS 40Q as p- polarized second color light 952 and fourth prism face 160’ of second PBS
400" ddp- 25HRARERYSHIBRANEBIS PhigRIgIEMbIner 1000.

First PBS 400 includes a first reflective polarizer laminate 390 aligned to the first
polarization state 195, disposed between the diagonal faces of first and second prisms 110,
120, as described elsewhere. Second PBS 400 includes a second reflective polarizer
laminate 390’ aligned to the first polarization state 195, disposed between the diagonal

15 faces of first and second prisms 110°, 120°, as described elsewhere. The first and second
reflective polarizer laminate (390, 390°) each include only one retarder disposed between
the reflective polarizer 190 and respective first prism (110, 110”) of PBS (400, 400°), as
shown in FIG. 4. A broadband reflector 1070 is disposed adjacent first prism face 130’ of
second PBS 400°.

20 A first wavelength-selective filter 1010 is disposed facing the first prism face 130
of the first PBS 400. A second wavelength-selective filter 1020 is disposed facing the
second prism face 140 of the first PBS 400. A third wavelength-selective filter 1030 is
disposed facing the second prism face 140’ of the second PBS 400. Each of the first,
second, and third wavelength-selective filters (1010, 1020, 1030) can be a color-selective

25 dichroic filter selected to transmit a first, a second, and a third wavelength spectrum of
light, respectively, and reflect other wavelength spectrums of light. In one particular
embodiment, each of the color-selective dichroic filters and the broadband mirror can be
immediately adjacent the respective prism face, such as coated directly on the prism face.
In one aspect, the reflective polarizer 190 can comprise a polymeric multilayer optical

30 film.

The color-selective dichroic filters (1010, 1020, 1030), broadband mirror 1070,

and reflective polarizer laminates 390, 390” cooperate to transmit combined light through
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Second light source 950 injects unpolarized second color light 951 through second color-selective
dichroic filter 920, enters first PBS 400 through second prism face 140, intercepts first reflective
polarizer laRRARIBOFY68hd is split into transmitted p- polarized second colAUiRE2EY/Bd%eflected
s-circular polarized second color light 953. 30Transmitted p- polarized second color light 952 exits first
PBS 400 through fourth prism face 160. WO 2010/059681PCT/US2009/064927 Reflected

s-circular polggized, 88GRndcalass[ahb SR &S irst RB AR theaHah firl inﬁ%ﬂ‘@%‘zﬁﬁﬁa&%@f‘ges to
p-circular polarized second color light 954 as it passes through half-wave retarder 225, enters second
PBS 400' thrtgriisseibeisiatiapalaryeed sampaeseb pldie scariate alsipslaoraraashingte 390'.

P-circular pol@&%&&@@@@agj%%_éé&gmr%één%ﬁ{tﬁe%%@qr{%ﬂ%@mia9&6&&%@5& i&a@@ﬁ%agﬂeﬂected
s-circular polarized second color light 955, reflects from third color-selective dichroic filter 93
changing the i dettsh Brimdarss pbii2atlon, lasamasrseptthedesHs refruncet piid s2BriRiaYRite 390'.

S-circular polafizedsReend GolaE IghtARR gZSih'fri%@P&%ﬁ%@ﬁgy%@mﬁ{ﬁ%&]}m&%ﬁ% f%.,
transmitted p- polarized second color light 956, and exits second PBS 400' through 10fourth prism

face 160' as [51HBlHheHGERdHa ebibs rgmbimw! lighteredsasHbadelpvbestor NGHESEbRHITRS be

described withLeferemes| i G rhgienonalasieeddhinther IgioRt98 k ¥its Ryt pdsm face 160°
of second PBS 400' as p- polarized third color light 962 and fourth prism face 160 of first PBS 400 as

p-polarized tHFERBHISA RGRPOEEIStER dlidrResuedhsd ThpalasigHpated Hird color light 961
through third color- selestigdishRih e 30 aRistie e UM RRR A hradeRsestdBrise face

140", intercepts second reflective polarizer laminate 390', and is split into transmitted p-polarized third

color fifnt 96£nehahstiateen Redireuidrdassetiehths EbrsrirgardandrtirdlishbtppcsddAZed third

color light 963 @fts s6¢nRd £BSiBEPIhsaueR foNEdb RIiSTZ AR B ect, aEHESHariBreHauiar
polarized third color light 963 exits second PBS 400' through first prism face 130', changes tQ

p-circular pol&f288 MY ict Rhpesstal fYldiseabgutiP hath- Aeisahetrierboss: eI #2E PBS
400 through figsé Ry igiplace.dB Beansbiriereeptsefiis) (EfiRstiv@NRIares Hlantinate-RIAnhEre fowlar

polarized third color light 964 25exits first reflective polarizer laminate 390 as reflected s-circular
polarized thir@*eoMBldighitbEYCrenreie Fémither first or second color-selective dichroic filter (910,

920) ghanging the dirgetRmfeEIisERetaliZation. and niereeris irteiledtingpalasze Fi@ninate
390. S-circular polarized third color. light 965 exits first reflective paolarizer laminate 390 as transmitted

p- polarized thitd @56t Wl aaEchiitresoleriish b S Lo thHidughrtmHasasp0 of first PBS 400 as

p-polarized first color light 1044 and fourth prism face 160’ of second PBS 400’ as p-
polarized first color light 1047.
First light source 1040 injects unpolarized first color light 1041 through first color-
20 selective dichroic filter 1010, enters first PBS 400 through first prism face 130, intercepts
first reflective polarizer laminate 390, and is split into transmitted p-polarized first color
light 1042 and reflected s-circular polarized first color light 1043.
Transmitted p-polarized first color light 1042 exits first PBS 400 through third
prism face 150, enters second PBS 400’ through third prism face 150°, intercepts second
25 reflective polarizer laminate 390°, and is transmitted as p-circular polarized first color light
1045. P-circular polarized first color light 1045 reflects from broadband mirror 1070
changing the direction of circular polarization, intercepts second reflective polarizer
laminate 390° and is reflected as s-circular polarized first color light 1046. S-circular
polarized first color light 1046 reflects from third color-selective dichroic filter 1030
30 changing direction of circular polarization, intercepts second reflective polarizer laminate
390’, is transmitted as p-polarized first color light 1047 which exits second PBS 400’
through fourth prism face 160°.
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30face 160 as p-polarized third color light 966. In one embodiment, first color light 941 is red light,
second color light 951 is blue light, and third color light 961 is green light. According to this
embodimenW @r218413%68WO 2010/059681PCT/US2009/064927 selective EATERZMEIGIY is a blue
and green light reflecting and red light transmitting dichroic filter; second color-selective dichroic filter
920 is a green and red light reflecting and blue light transmitting dichroic filter; and third color-selective

dichroic filter 930 is g liug:and (peight sefiiecing.and igragihdiohs IRt OicBEalF Jiigt. SIn one

aspect, FIG. 10 is a top view schematic of an optical element configured as a color combiner 1000 that
includes a firsePaityadishisic{ieedRd0mBangne thedlgredpnnh e (080RAH Batiogedngithtercaivty of

Ii_ght sources ﬁ%@&?@éﬁ%@ _ %ﬁ%ﬁ[ﬁnﬂﬂ%@@@s@Ei&ﬂlﬂ&&iﬂ%ﬁ@@f&@@@ fiateLmitted from a
first, a second, and a third light source (1040, 1050, 1060) are shown in FIG. 10, to more clearly

illustrate the fisAeGENOPABEHETaRBIAIC AR FriEE Tt ed Brrebrpsdeirsbeglor lighti9PRsMeD includes

a first reflectiye, polatizepinine i@ againadQshefist pelarization state 195, disposed between the
diagonal faces of first and second prisms 110, 120, as described elsewhere. Second PBS 400

includes a second reffscii® pbateranthrrinalicbbtPaligritid s ihe dretiRndivitlss{<anes 195 Hisposed

between the dggenat lpianes LUt sREMNMPTEMSIL fodAl pASH e ke gIsewbere 4bhe first
and second reflective polarizer laminate (390, 390") each include only one retarder disposed between

the reflective Fotanoknizsd ssanespladientiidsrmid fauish pism &9s880(Riceann PRS 400 ain FIG.
4. A broadbapd sefiectQr deéRdeslispesad astacent first prism face 130" of second PBS 400'. 20A first
wavelength-selective filter 1010 is disposed facing the first prism face 130 of the first PBS 400. A

secondwavelength-Sefeehighferureoddsbivissbedpalitrtdecsoad e ondishtad Ll dtghe first PBS

400. A third wavslna@iinssleciine tierdR30 s dBRNIAeAGIRG PIX SRCOMEORERTLEAE pAmohtae
second PBS 400. Each of the first, second, and third wavelength-selective filters (1010, 1020, 1030)

can be a colob L REEReETSE SishrGHletiss Balatsd kyiassPt0a i is SRE B ARIA B wavelength

spectrum of lighhrigsPecbtrixoritditgiiaosother wavelengitlspretpamE Rlighbla Qs prticular
embodiment, each of the color-selective dichroic filters.and the broadband minor can be immediately

adjacent the réSpechiARIREIRkRROaTIgRIscustsalan el ‘Gr s ibrilrtBle AA0herughdetthe

reflectiye polgyiges 20 c6m comprise a polymeric multilayer optical 30film. The color-selective
dichroic filters (1010, 1020, 1030), broadband mirror 1070, and reflective polarizer laminates 390, 390’
cooperate to transmﬁ%‘[ﬁ%%—&lﬁ%ﬁ{mgﬁed second color light 1053 reflects from first color-

selective dichroic filter 1010 changing direction of circular polarization, and intercepts
first reflective polarizer laminate 390. S-circular polarized second color light 1053 exits
first reflective polarizer laminate 390 as transmitted p-polarized second color light 1054,
20 exits first PBS 400 through third prism face 150, enters second PBS 400’ through third
prism face 150°, and intercepts second reflective polarizer laminate 390°. P- polarized
second color light 1054 exits second reflective polarizer laminate 390’ as transmitted p-
circular polarized second color light 1055, reflects from broadband mirror 1070 changing
the direction of circular polarization, and intercepts second reflective polarizer laminate
25 390°. P-circular polarized second color light 1055 exits second reflective polarizer
laminate 390’ as reflected s-circular polarized second color light 1056, reflects from third
color-selective dichroic filter 1030 changing the direction of circular polarization,
intercepts second reflective polarizer laminate 390°, exits second reflective polarizer
laminate 390’ as transmitted as p-polarized second color light 1057, and exits second PBS
30 400’ through fourth prism face 160’ as p-polarized second color light 1057.
The path of a third color light 1061 will now be described with reference to FIG.
10, where unpolarized third color light 1061 exits fourth prism face 160 of first PBS 400
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WO 2010/059681PCT/US2009/064927 the fourth prism faces (160, 160"). Each unpolarized light input
is split into a p-polarized and an s-circularly polarized component. The s-circularly polarized
component ¥QaA86B1lo a p-polarized component resulting in a p-polarizBETEHMMEG48Tput
through the fourth prism faces (160, 160'). In some cases, the nature, alignment, and efficiency of 5the
components in the reflective polarizer laminate may result in some polarization (i.e., elliptical or

circular) of thg,go Qié&%&gﬁﬁ@&@&sﬁgﬁ%@’ﬁﬁw%iﬁtﬂ?&ﬁﬁ RRbAdiMeNE6%¢ RO pplow each

retarder 220 in color combiner 1000 is a quarter-wave retarder orientated at approximately 45 degrees
to the first poRggeaeshtBiedealos ligkcHWaig to another aspect, an optional light tunnel 430 or

assemblies of lensegQ4nosRewaY @_@6%'@6@’@%@1@9&%@@&&{ ébfbfi[%?ﬁmﬂqlr@ﬂ&tm%ﬁght
sources (1040, 1050, 1060), as described e1sewhere. According to another aspect, an optional

integrator car?‘b‘@rp?%iﬁﬁiié’& é’é"(l?f@i@tﬁﬁﬁlf L3 1entesnipreers TE0aL dusvghas@rdwHEreaecording to

one aspect, epg light-SOMICR G berrBYRf ThR NIk aatfeas IesChed Sisewhs igafanaymple, with
reference to FIG. 6. 15The path of a first color light 1041 will now be described with reference to FIG.

10, where unpelaiizehithict ey gt {104 12k kereipgh orisry i Ro eeigesr tiied peey dightddipolarized
first color lightifdthasd frpsiamianhiaseolsdighsenonskRBR 4 PsR-potatized i sbarlopHamt 1047.

First light source 1040 injects unpolarized first color light 1041 through first color- 20 selective dichroic
filter 1010, erftss &t PBS 400 through first prism face 130, intercepts first reflective polarizer

laminate 390, and ispeglitdRip Lansmittes RipQlanzad ikt goien bgbtdf4danshiefiesiBdmt alictdar
polarized first color light 1043. Transmitted p-polarized first color light 1042 exits first PBS 400

throudf third PYiEhshapging dirertiors dededepridananti stidrtinrer psisr padarafiRetiyserlaissecond

25reflective ppiarizes BRinaie 390aailisALansitethAs drciiosianpolgstond frateiRrjihtil4s.
P-circular polarized first color light 1045 reflects from broadband mirror 1070 chaag)icﬁg the direction of

circular polariZatiBatantlcabieyniing Ralanizs ) s A gt 080 dhrreea *89s-circular
polarized firskgRipsHiantd PdbnFack ayler: polaiizad: firsscaiorighi-hOARdelireisticamtirthd

color-s_elective _dichroic filter 1030 30changin? direction of circular, polarization, intercepts second
reflective p0|ép|‘rfé9q%%fﬁé‘[éeﬂectlve polarizer laminate 390. P- polarized third color light 1064 exits
15 first reflective polarizer laminate 390 as transmitted p-circular polarized third color light
1065, reflects from first color-selective dichroic filter 1010 changing the direction of
circular polarization, and intercepts first reflective polarizer laminate 390. P-circular
polarized third color light 1065 exits first reflective polarizer laminate 390 as reflected s-
circular polarized third color light 1066, reflects from second color-selective dichroic filter
20 1020 changing the direction of circular polarization, intercepts first reflective polarizer
laminate 390, exits first reflective polarizer laminate 390 as transmitted as p-polarized
third color light 1067, and exits first PBS 400 through fourth prism face 160 as p-polarized
third color light 1067.
In one embodiment, first color light 1041 is blue light, second color light 1051 is
25 red light, and third color light 1061 is green light. According to this embodiment, first
color-selective dichroic filter 1010 is a red and green light reflecting and blue light
transmitting dichroic filter; second color-selective dichroic filter 1020 is a green and blue
light reflecting and red light transmitting dichroic filter; and third color-selective dichroic
filter 1030 is a blue and red light reflecting and green light transmitting dichroic filter.
30 In one aspect, FIG. 11 is a top view schematic of an optical element configured as
a color combiner 1100 that includes a first PBS 400 and a second PBS 400°. Color

combiner 1100 can be used with a variety of light sources as described elsewhere. The
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390, is transmitted as p-polarized first color light 1047 which exits second PBS 400' through fourth
prism face 160'. WO 2010/059681PCT/US2009/064927 Reflected s-circular polarized first color
light 1043 réWeA&1HBTA8Econd color-selective dichroic filter 1020 changing Red/divet¥de492€ircular
polarization, and intercepts first reflective polarizer laminate 390. S-circular polarized first color light
1043 exits first reflective polarizer laminate 390 as transmitted p-polarized first color light 1044, which

Sleaves first BBRARY; IMaUgh JPLIER %Hﬁﬁ‘izf@c?&ljs@ﬂe emitt QRN RS SOAsh oML It AR wvill now

be described with reference to FIG. 10, where unpolarized second color light 1051 exits fourth prism

face 160 of firsri $1486. dd5th it Pet st BdidElidht teovorasietirtHystiais taedmetonréecond

PBS 400" as pipRlalige dorsand UL bAmind0S8a0Nd light source 1050 injects unpolarized
second color light 1051 through second color-selective dichroic filter 1020, enters first PBS 400

through second prisFitdB 400 instodes fitst reflective padnatrse laaimmiste80bizand 1 Ysifirko

transmifted pﬁ@%@ﬂéﬁ@rﬁﬁ%’@??&%ﬂ&'@&%Qﬁ?e@ﬂ%@&'ﬁ%%ﬁﬁlsfﬁ%lﬂﬁﬁ%@%g%é@&%ﬁ%@@d}9ht
1053. Transmitted p-polarized second color light 1052 exits first PBS 400 through fourth 15prism face

160.  Refldebdsdsnenbsdsbianbets secsaad it fght mebulse pescondmitret vortaéittive dichroic

filter 1010 changingdiestignat gieularmolatratiamoanthiatessepts it nsilaciivarolgsizsialaminate
390. S-circular polarized second color light 1053 exits first reflective polarizer laminate 390 as

transmitted pipetanttssaednacesbpright 1082, Phexis drstibasehsy bsrsudineirat srdmeesed 150,
enters secongbREBAOR sl st P9, fase)1e0h ardliieiaeRisSReaas TallpstineRARger

laminate 390'. P- polarized second color light 1054 exits second reflective polarizer laminate 390" as

transrhitted pIEﬁéﬁﬁEﬁB&%ﬁéﬁ@éé8ﬂdl%%ﬁm5%mc‘§§§ peitaLd Horh! BrbabBBAd it 8P9078 changing

the direction gh&iaularrelarizatings srad dpiacrItsEacoN iRiiggiyR PalRiZS RUHAALR KRIR0:
P-circular polarized second color light 1055 exits second reflective polarizer laminate 390" as reflected

s-circular poldft9eafsseand BB AiGheiosecramdbeondrandirefcsior-SEdavisarssrbidintertiltnsb

changing the glirggtiae: aborelaicpatppBstig’intercepts second reflective polarizer laminate 390', exits
second reflective polarizer laminate 390" as transmitted as StE)I&-tpolarized second color light 1057, and

exits second PBS 364855 ARIFgir ety prrlmatiaciastivad it dibided Sbdngisarsrfdntine s
The pggh of afthjrdeatordight3bQE kil RewEIe aescarRithytetaremnsel tot K&, MBeng unpolarized

third color lig%Es]bgggdefégﬁléotlﬂgge%roilslgq pfr?gnel %a6cg (l)Il(];irosft tﬁg) fslrécoPoBS 400. Each of the first, second,
and third wavelength-selective filters (1110, 1120, 1130) can be a color-selective dichroic
filter selected to transmit a first, a second, and a third wavelength spectrum of light,
respectively, and reflect other wavelength spectrums of light. In one particular
20 embodiment, each of the color-selective dichroic filters and the broadband mirrors can be
immediately adjacent the respective prism face, such as coated directly on the prism face.
In one aspect, the reflective polarizer 190 can comprise a polymeric multilayer optical
film.
The color-selective dichroic filters (1110, 1120, 1130), broadband mirrors (1170,
25 1180), and reflective polarizer laminates 390, 390’ cooperate to transmit combined light
through the fourth prism faces (160, 160’). Each unpolarized light input is split into a p-
polarized and an s-circularly polarized component. The s-circularly polarized component
is converted to a p-polarized component resulting in a p-polarized combined output
through the fourth prism faces (160, 160’). In some cases, the nature, alignment, and
30 efficiency of the components in the reflective polarizer laminate may result in some

polarization (i.e., elliptical or circular) of the combined light, as described elsewhere. In

-37-



WO 2010/059681PCT/US2009/064927 asp-polarized third color light 1067 and fourth prism face 160’
of second PBS 400' asp-polarized third color light 1062. Third light source 1060 injects unpolarized
third color li§¥? 200103p¢dLigh third color-selective dichroic filter 1030, enterP§d¢bIPRSHTO’ through
second prism face 5140, intercepts second reflective polarizer laminate 390', and is split into
transmitted p- polarized third color light 1062 and reflected s-circular polarized third color light 1063.

Transmitted pyRolazS AR RRISNHIGNSAO2 SIS SERRABRAS ANG: UyAHEHR U RH:tage 160

Reflected s-circular polarized third color light 1063 reflects from broadband mirror 101070 changing

direction of ciAraF Fardeizationfateddimaiepmadydhudenestittho it eplanmitae S99 123¢ircular

polarized third color gkt @4&&%@%@9@1&&5@%@«%@1Qfégﬁ&&ﬁﬁyp@;@ FORRMmBACSHIERdes
p-polarized third color light 1064, exits second PBS 400' through thlrdgﬁrlsm face 150', enters first PBS

400 through #H1Pd 198vR ks sy oxis i eaphofithe famborse bt Brird fighagowses P1Blarized

third calor light) 396 gyits,d afisstirRliegiveRAlarze JAMIPaIe AHR @S {REE MG Bralr aulas-pelarized
third color light 1065, reflects from first color-selective dichroic filter 1010 changing the direction of

circular polargtibh PEnddeicBsuipst Ritradavesehies &l finattes eds delsraihetic pofsisLadingird
color light 1065 &tssfikst reflective: Relrrzendarningie 890 asHellrried Sesiromiar-pelprized fftird color

light 1066, reflects from second color-selective dichroic filter 201020 changing the direction of circular
polarization, iFtarERigtvittsETERER P J3fr%er laminate 390, exits first reflective polarizer laminate 390

as transmitted as p-palapz@chhirdcolerdiaiint64. and asiediratRBEAR dhrergmiQuetrreism face
160 as p-polarized third color light 1067. In one embodiment, first color light 1041 is blue light, second

color fifht 1031-i&beicunngnriard it e Asrishink fdeits foueh ngsm AcColofhry dorth Qditnent,
first color-selgchyr giehrais: flées i8R 13 aregiand i eRdightsaitectyTg RO PRsslighy tegpsmitting

dichroic filter; second color-selective dichroic filter 1020 is a green and blue light reflecting and red
light transmit@¢ERI SIS FtiPr i it color-selective dichroic filter 1030 is a blue and red light

reflecting and greengight|{panseuittng 1dig hrpistdiiapobHncana aeest lighe 1 141ishdotah iew &gbematic
ofan optical %le?ggggé %?crllflirgi%r%?tgrsl 110, enters first PBS 400 through first prism face 130, intercepts
15 first reflective polarizer laminate 390, and is split into transmitted p-polarized first color
light 1142 and reflected s-circular polarized first color light 1143.

Transmitted p-polarized first color light 1142 exits first PBS 400 through third
prism face 150, enters second PBS 400’ through third prism face 150°, intercepts second
reflective polarizer laminate 390°, and is transmitted as p-circular polarized first color light

20 1145. P-circular polarized first color light 1145 reflects from second broadband mirror
1180 changing the direction of circular polarization, intercepts second reflective polarizer
laminate 390° and is reflected as s-circular polarized first color light 1146. S-circular
polarized first color light 1146 reflects from first broadband mirror 1170 changing
direction of circular polarization, intercepts second reflective polarizer laminate 390°, is

25 transmitted as p-polarized first color light 1147 which exits second PBS 400’ through
fourth prism face 160°.

Reflected s-circular polarized first color light 1143 reflects from third color-
selective dichroic filter 1130 changing the direction of circular polarization, and intercepts
first reflective polarizer laminate 390. S-circular polarized first color light 1143 exits first

30 reflective polarizer laminate 390 as transmitted p-polarized first color light 1144, which

leaves first PBS 400 through fourth prism face 160.
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a color combiner 1100 that includes a first PBS 400 and a second PBS 400'. Color combiner 1100 can
be used with a variety of light sources as described elsewhere. The WO
2010/05968WOCTIV&26/19/064927 paths of light rays of each polarization sPAIE/EPAMBAFHN a first, a
second, and a third light source (1140, 1150, 1160) are shown in FIG. 11, to more clearly illustrate the
function of the various components of color combiner 1100. First PBS 400 includes a first reflective

polarizer laminate 399 aigiesttoste il hRRAlBHEAIN BiftRWBe disReBed Relverldhe dpprial faces

of first and second prisms 110, 120, as described elsewhere. Second PBS 400’ includes a second

reflective poldrizaheinmmel zondirgaed ¢slardighitldslhsribtibmemsiyofasisiisetibstRBertife
diagonal faceg; f fissh:and secaRCBieMent 19’54 200 R%ude peiiRes. &lsryhere.ddi st aid sgcond

reflective polarizer laminate (390, 390") each include only one retarder disposed between 10the
reflective poldripeirigedaseonkprientighidd prism (110, 110" of PBS (400, 400'), as shown in FIG. 4. A

first brgadband reflegtapdd 1ig1e WipResa% @i fssoRRdariseniace MA@l sqsangd 58 400', and a
second broadband reflector 1180 is disposed adjacent firstéprism face 130" of second PBS 400'. A first

and a second*%¥a0EIePgtnseleribR difieiq f e 11290y widPelRRS 40R (hinuahshirst pimirsge 130 of

the first PBS 486). iavthitgivavalenatbriselpstive ditamlda0 1odispasedpiacing thasagendprism face 140
of the first PBS 400. Each of the first, second, and third wavelength-selective filters flllo, 1120, 1130)

can be a colo e crbfaloniehtdleendsafspshisiimarrpekietssd ssernd ¢alrr ishielength

spectrum of ligigz respectively, and reflect other wavelength spectrums of light. In one particular
20embodiment, each of the color-selective dichroic filters and the broadband mirrors can be

immedfately adjacerksTalpd el Birssh verandserlnrdishbled arietivsb RBS'BRdhoRek hitbne

aspect, the reflegt\vedeala0izatd A& £PRPUD alehEnericd pritiayaicoptical ditieepia sl selective
dichroic filters (1110, 1120, 1130), broadband mirrors (1170, 251180), and reflective polarizer
laminates 3966%%1%?0?&;&% {wgﬁ@rﬁﬁ(}:’om%{g%mﬂte& as p-circular polarized second color

light 1155. P-circular polarized second color light 1155 reflects from second broadband
mirror 1180 changing the direction of circular polarization, intercepts second reflective

15 polarizer laminate 390” and is reflected as s-circular polarized second color light 1156. S-
circular polarized second color light 1156 reflects from first broadband mirror 1170
changing direction of circular polarization, intercepts second reflective polarizer laminate
390’, is transmitted as p-polarized second color light 1157 which exits second PBS 400’
through fourth prism face 160°.

20 Reflected s-circular polarized second color light 1153 reflects from third color-
selective dichroic filter 1130 changing the direction of circular polarization, and intercepts
first reflective polarizer laminate 390. S-circular polarized second color light 1153 exits
first reflective polarizer laminate 390 as transmitted p-polarized second color light 1154,
which leaves first PBS 400 through fourth prism face 160.

25 The path of a third color light 1161 will now be described with reference to FIG.
11, where unpolarized third color light 1161 exits fourth prism face 160 of first PBS 400
as p- polarized third color light 1162 and fourth prism face 160’ of second PBS 400’ as p-
polarized third color light 1167.

Third light source 1160 injects unpolarized third color light 1161 through third

30 color-selective dichroic filter 1130, enters first PBS 400 through second prism face 140,

intercepts first reflective polarizer laminate 390, and is split into transmitted p-polarized
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through the fourth prism faces (160, 160'). Each unpolarized light input is split into a polarized and and
an s-circularly polarized component. The s-circularly polarized component is converted to a
p-polarized BEMBHHEYNGBEsUlting in a p-polarized combined output through ReH& AN YR Taces (160,
160"). In some cases, the nature, alignment, and 30efficiency of the components in the reflective
polarizer laminate may result in some polarization (i.e., elliptical or circular) of the combined light, as

described elsgiygeigotni HQ RPLYPPARAEGTISRAGY AR thpas.sPadimaridenchbssoglow,

each retarder 220 in color combiner 1100 is a quarter-wave retarder orientated at approximately 45

degrees to thB-Rpdpiend it salerdieht 94 62 expeEartiBSdUhbumuehdpach pisapirssdiGfynt tunnel 430

or assemblies of 'enﬁ%ﬁé&@&l%t‘é%}‘&{lia?%lgﬁﬂ%@ﬁi%%%&?g% _Pf GQQJﬁ&tssﬁﬁﬁpgﬂ?é?Ch?@ir& light
sources (1140, 51150, 1160), as described elsewhere. According to another aspect, an optional

integrator cartBEHtFARIEICHE dtiphiolr B8R EbHbihei01 shensasidsertiridiséatiaie. According to
one aspect, ﬁg&l%@%ﬁﬁ%ﬁ@&&ﬁs%ﬁéﬁ%ﬁ&m SRLILES ARRaIbso0elsevka g folexrmple, with

reference to 6. The path of a first color light 1141 will now be described with reference to FIG.

1011, where tHpbralpdiehist Kaisxifghtratrgilestive forlrizpriaminate AYbstmATPESIA00 as

p-polarized fitssigaion gl kbt apd:forst) ariatifagestoN) e tinesgRdnie 30 ras Aawlasieed first
color light 1147. First Ii%ht source 1140 injects unpolarized first color light 1141 through first

color-selectives RABRSift 8P 1thiey ey ifeird Aritrp Biecalr triBd M SRSPETREFPISLE 1 St YRRBEF 1 5first
reflective polagizeideminatep3 Y At dsisidtdons: tignsmiskeexprplasizertfissticelpslightd 142 and

reflected s-circular polarized first color light 1143. Transmitted p-polarized first color light 1142

exits it PBABDAR UG eI PRIRd R eBler entarzettbrhcples!isht ihousH Rt dBR M face 1501,
intercepts segeashefieaHyeIClHZRI 118801 BRIB 390 thangr iz tiaNeMitas a$ raircleh palarized first color

ight intercepts second reflective polarizer laminate 390°. P-circular polarized third color light
1165 exits second reflective polarizer laminate 390° as reflected s-circular polarized third
color light 1166, reflects from first broadband mirror 1170 changing the direction of

15 circular polarization, intercepts second reflective polarizer laminate 390°, exits second
reflective polarizer laminate 390” as transmitted as p-polarized third color light 1167, and
exits second PBS 400’ through fourth prism face 160’ as p-polarized third color light
1167.

In one embodiment, first color light 1141 is blue light, second color light 1151 is

20 red light, and third color light 1161 is green light. According to this embodiment, first
color-selective dichroic filter 1110 is a red and green light reflecting and blue light
transmitting dichroic filter; second color-selective dichroic filter 1120 is a green and blue
light reflecting and red light transmitting dichroic filter; and third color-selective dichroic
filter 1130 is a blue and red light reflecting and green light transmitting dichroic filter.

25 In some cases, less than three colors can be combined in any of the above
embodiments. In this embodiment, a broadband mirror can be substituted for the color-
selective dichroic filter, optional light tunnel, and light source that is removed. In some
cases, a fourth color light (not shown) can also be injected into the color combiners
described above. In this embodiment, a fourth color-selective dichroic filter replaces the

30 broadband mirror (if present), an optional light tunnel, and a fourth light source can be

arranged in a manner similar to the other light sources, optional light tunnels, and color-
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201145. P-circular polarized first color light 1145 reflects from second broadband minor 1180 changing
the direction of circular polarization, intercepts second reflective polarizer laminate 390" and is
reflected asWQRAIWAP8larized first color light 1146. S-circular polarized fir8CdaVS2 AR5 reflects
from first broadband mirror 1170 changing direction of circular polarization, intercepts second reflective
polarizer laminate 390', is 25transmitted as p-polarized first color light 1147 which exits second PBS

400’ through fep W pRhisReHeR. RellANteGSrekridN Polatierdirst kAHeENINLL Lé reflgfs from

third color- selective dichroic filter 1130 changing the direction of circular polarization, and intercepts

first reflectivetbbfberier lighihardomsauésRueh solartiedttirst color light 1143 exits first 30reflective

polarizer laminate 390 A% YgnemitrskppRlarizgd firsticalniioht 4144 a WhichsleryasyitsiiR 3 400
through fourth prism face 160. WO 2010/059681PCT/US2009/064927 The path of a second color

light 1151 wilPRow! BR0dbatinshilshith rdsdvi-BAG €5 |amingteet @ niladiZ s Bevs A EdBFifght 1151

exits foprth priggg A9 ATk iB 20300 a8 PrRQializethereRod Grlopfight dilo4nd faustyprism
face 160' of second PBS 400' as ?-polarized second color light 1157. 5Second light source 1150

injects unpold¥iZey faeedl. cob e iyrt diegantl g H Labetired bedelet e GrpsElHENE120, enters

first PBS 4004Repuahrfirst #3pm dasrd SR (iRtareepisdirsiteiiostivei nolasizer daminRliec3ee, and is split
into transmitted p-polarized second color light 1152 and reflected s-circular polarized second color light

1153. 10Trar&iFHRia Plise ety isresicdn (tocrghd piis? &G et Phessasdrad gHtthaI Prism face
150, enters sggepeRBRIOR HHAYF (hisshpEsM tacsbadnitiSiespisSRGANG eflestineapglarizer

laminate 390, and is transmitted as_p-circular polarized second color light 1155. P-circular polarized

second color AP KBS YR AR LS AEnPSBIERS B%szs%aaﬁ,mm\l@f@@%% RS TBERAIBHOSY circular
polarization, ipdefie@pts seeandaiefleGiiethe like. An optical adhesive layer 330 is deposited on first

diagonal face 135. The optical adhesive layer 330 can be any known optical adhesive,
particularly useful optical adhesives can be those which are curable optical adhesives, such
as radiation or thermally cured adhesives.

15 FIG. 12B shows a first retarder 220 disposed on the optical adhesive coating 330.
The first retarder 220 can be any of the retarders described elsewhere, such as a quarter-
wave retarder, and the slow-axis of the retarder is positioned as desired relative to the first
and second prism faces 130, 140.

FIG. 12C shows an optical adhesive coating 330 disposed on the first retarder 220.

20 FIG. 12D shows a reflective polarizer 190 disposed on the optical adhesive coating
330. The reflective polarizer 190 can be any of the reflective polarizers described
elsewhere, and the slow-axis is positioned as desired relative to the retarder 220.

FIG. 12E shows an optical adhesive coating 330 disposed on the reflective
polarizer 190.

25 FIG. 12F shows a second retarder 220’ disposed on the optical adhesive coating.
The second retarder 220’ can be any of the retarders described elsewhere, such as a
quarter-wave retarder, and the slow-axis of the retarder is positioned as desired relative to
the reflective polarizer 190.

FIG. 12G shows an optical adhesive 330 disposed on the second retarder 220°.

30 FIG. 12H shows a second prism 120 having a third prism face 150 and a fourth

prism face 160, and a second diagonal face 155 between them. A first color-selective

dichroic filter 610 is coated on the third prism face 150, and the second diagonal face 155
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15polarizer laminate 390' and is reflected as s-circular polarized second color light 1156. 5- circular
polarized second color light 1156 reflects from first broadband minor 1170 changing direction of
circular pol N2 0MSicepts second reflective polarizer laminate 390", is Rah3mfeM06 ¥l polarized
second color light 1157 which exits second PBS 400’ through fourth prism face 160'. 20Reflected
s-circular polarized second color light 1153 reflects from third color- selective dichroic filter 1130

changing the digeghiae Lb cliclbptieRladradion 1 A 1iereaRrisiHistdRIQEE ROERR (aminaie §90.
S-circular polarized second color light 1153 exits first reflective polarizer laminate 390 as transmitted

p-polarized s€¥bRE eentidigihtherthirdprivh faevdsibst M3 9208 tHewgHToe d pirgidies 1®0. 25The

path of a thir%%&ﬂl@%c%ﬁidé‘}%QH%?%Q&%HHQ?&I’MEM%%%%&'ﬂ@liﬁa}io\ﬁ’,heﬁ{@t_HQ pRiarized third
color light 1161 exits fourth prism face 160 of first PBS 400 asp-polarized third color light 1162 and

fourth prism fABe Alernatiagsdysasms artiont adhsshsiaddets tisiet onslarirar 1987and retardgry (3% source
1160 injects ynpojarizeg-thitd fRlArigBs1bod thraughdhirdReaglopsislectiverslichroioditgr 1130,

enters first PBS 400 through second prism face 140, intercepts first reflective polarizer laminate 390,
and is split infS{FERSFAEYBSH®larized WO 2010/059681PCT/US2009/064927 third color light 1162

and reflected s-circulagmalarieed i daolardighbibainEranamitad poralayzed tidsealaryioht 1162
exits first PBS 400 through fourth prism face 160. Reflected s-circular polarized third color light

1163 reflects $FFERGhEr SpRBI G BHB 8RS EieRatra iaigmbratine Na 149 22980 8R&AYing direction of
circular 5I00|aﬁié@&@ﬁ'm?ﬂﬁdﬁ@%%@%?tﬁésﬁﬁ%‘|§‘é€fﬁé%&°i'§§%?dh'@ﬁl%%v§ﬁ(&- tensifrlatPefarized third

color light 1163 exits first reflective polarizer laminate 390 as transmitted p-polarized third color light

1164, 18its firs{ Iy A0 EHRELGY it Brispiactien sypicahtrssrsesiyRt e Dioeddigbtghtedid prism
face 150", ang-meceasosecandoabastiye patatizacminate.3Ne aEpeplarizeadiitgueaterijght 1164

exits second reflective polarizer 10laminate 390' as transmitted p-circular polarized third color light

1165, reflectS SRSASIALF LhaLaHAHEMrER s 156 HhaPRFAT RS i fbickisrins: A isclsdiameasisn, and
intercepts segQprisaflgsdivelalatzey Mamnaie A90acR-gikariarcpRinuzedt WHrt aqles; st 116 exits

second reflective polarizer laminate 390" as reflected s-circular polarized third color light 1166, reflects
from first brodtB&RAMABIIE470 changing the direction of

15 FIG. 13 illustrates a projector 1300 that includes a three color light combining
system 1302. The three color light combining system 1302 provides a combined light
output at output region 1304. In one embodiment, combined light output at output region
1304 is polarized. The combined light output at output region 1304 passes through light
engine optics 1306 to projector optics 1308.

20 The light engine optics 1306 comprise lenses 1322, 1324 and a reflector 1326. The
projector optics 1308 comprise a lens 1328, a PBS 1330 and projection lenses 1332. One
or more of the projection lenses 1332 can be movable relative to the PBS 1330 to provide
focus adjustment for a projected image 1312. A reflective imaging device 1310 modulates
the polarization state of the light in the projector optics, so that the intensity of the light

25 passing through the PBS 1330 and into the projection lens will be modulated to produce
the projected image 1312. A control circuit 1314 is coupled to the reflective imaging
device 1310 and to light sources 1316, 1318 and 1320 to synchronize the operation of the
reflective imaging device 1310 with sequencing of the light sources 1316, 1318 and 1320.
In one aspect, a first portion of the combined light at output region 1304 is directed

30 through the projector optics 1308, and a second portion of the combined light output can
be recycled back into color combiner 1302 through output region 1304. The second

portion of the combined light can be recycled back into color combiner by reflection from,
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15circular polarization, intercepts second reflective polarizer laminate 390, exits second reflective
polarizer laminate 390' as transmitted as p-polarized third color light 1167, and exits second PBS 400
through fouN¥PRMMPFAEE 160’ as p-polarized third color light 1167. In one ePRIGRAHOAP3T color light
1141 is blue light, second color light 1151 is 20red light, and third color light 1161 is green light.
According to this embodiment, first color-selective dichroic filter 1110 is a red and green light reflecting

and blue lighteransmiting, HehRic HABRSE YA SRIACENe AT PIndilgE fil201gA green and blue

light reflecting and red light transmitting dichroic filter; and third color-selective dichroic filter 1130 is a

blue and red fgRPesmEEGhdusHatestdr Fifgnt s saembtdierddhe fedit DIMRIgHESA3BS, less than

th!ree colors Cﬁ@ch%_é@éﬁﬁiﬂgqsiéhmtﬁ@ ﬁ%ﬁ’é’&_i@ﬂﬁ%@f@ﬂi@ﬁﬁvéﬂ.W@_c@fﬂﬁ%dﬂ'maﬁé?ﬁ‘aﬁ@@and
mirror can be substituted for the color-selective dichroic filter, optional light tunnel, and light source that

is removed. |ASE6Re* CEESRIESTIR HRAEHMErIRIIE S8R 8ROWRT): can also be injected into the color
combingrs describe%@m&%g@&%@e&ﬁﬁ@gig‘&m)@igﬂ't'G&ﬁ&lﬁﬁg%&%@é}ﬁe&gM'&Qiﬁéat%cf%laces the

30broadband mirror (if preseggéan optional light tunnel, and a fourth light source can be arranged in a

manner simil&FABUFRS BIREFTGPIOE SWRIES, BiseidndiFghstemras highebrosnemkscause polarization
2010/05968151@5&4@@9@%&%%%&@&&%&1q@wﬁﬁut%smﬁ%%wzﬁsiﬁﬁﬂy@ lEabyeicafilter

reflects first, second and third color lights, and transmits fourth color light. _ In one aspect, FIGS.
12A-12H are RRIFEFIAEOHEWD Bt prikselag vapakiingg AlmEavelow seatinungis a vedeanes

polarizer lamipad A0 Filfeidedfe FTQVE & firshPrisMifddd svproitRd tdbafbdures 1R vkilstetism 110
includes a first prism face 130, a second prism face 140, and a first diagonal face 135 between them.

A third Golor-dBRarsecalimeiionied thabekt frametichh usrsipisRoaeccanbinghdtithoss ad
color-selectivecglishraic ftesredis anatet s i secandmyismifangckddd Kbscare@RdiRRdRiIghcolor

selective dichric filters 620, 630, can be coated on the respective prism faces by any .
of dichroic reflectivity as a function of angle of incidence (AOI), loss of TIR of increased

evanescent coupling to frustrate the TIR, and/or degraded polarization discrimination and
function in the PBS. In the present disclosure, polarizing beam splitters function as light

15 pipes to keep light contained by total internal reflection, and released only through desired
surfaces.

Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form
and detail without departing from the spirit and scope of the invention.

20 Unless otherwise indicated, all numbers expressing feature sizes, amounts, and
physical properties used in the specification and claims are to be understood as being
modified by the term “about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the foregoing specification and attached claims are
approximations that can vary depending upon the desired properties sought to be obtained

25 by those skilled in the art utilizing the teachings disclosed herein.

All references and publications cited herein are expressly incorporated herein by
reference in their entirety into this disclosure, except to the extent they may directly
contradict this disclosure. Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary skill in the art that a variety of

30 alternate and/or equivalent implementations can be substituted for the specific
embodiments shown and described without departing from the scope of the present

disclosure. This application is intended to cover any adaptations or variations of the
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10means known in the art, including, for example, vacuum deposition, sputtering, solution coating, film
lamination, and the like. An optical adhesive layer 330 is deposited on first diagonal face 135. The
optical adhe¥iQa948/83938D can be any known optical adhesive, particularly &#6d7UIS3pfed4aehesives
can be those which are curable optical adhesives, such as radiation or thermally cured adhesives.
15FIG. 12B shows a first retarder 220 disposed on the optical adhesive coating 330. The first retarder
220 can be agy.efiiberRiARRHancioed alSemhers. SUsR asid AUAIIEr HaY S SIAldRGLANELhe
slow-axis of the retarder is positioned as desired relative to the first and second prism faces 130, 140.
FIG. 12C show8ited ephichy dihelsines codithg SB0vaispisbaredfthe first retarder 220. 20FIG. | 2D shows
a reflective polarizer 190 disposed on the optical adhesive coating 330. The reflective polarizer 190
can be any of the reflective polarizers described elsewhere, and the slow-axis is positioned as desired
relative to the retarder 220. FIG. 12E shows an optical adhesive coating 330 disposed on the
reflective polarizer 190. 25FIG. 12F shows a second retarder 220" disposed on the optical adhesive
coating. The second retarder 220" can be any of the retarders described elsewhere, such as a
guarter-wave retarder, and the slow-axis of the retarder is positioned as desired relative to the
reflective polarizer 190 FIG. 12G shows an optical adhesive 330 disposed on the second retarder 220'.
30 FIG. 12H shows a second prism 120 having a third prism face 150 and a fourth prism face 160, and
a second diagonal face 155 between them. A first color-selective dichroic filter 610 is coated on the
third prism face 150, and the second diagonal face 155 WO 2010/059681PCT/US2009/064927 is
disposed on the optical adhesive layer 330. The first color selective dichroic filters 610 can be coated
on the third prism face 150 by any means known in the art, including, for example, vacuum deposition,
sputtering, solution coating, film lamination, and the like. The alternating layers of optical adhesive
330, reflective polarizer 190, and retarders (220, 5220") are cured to form a PBS 1200 including a
reflective polarizer laminate 490, as described elsewhere.
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Light sources in a color light combining system can be energized sequentially, as described in co-pending
Published U.S. Patent Application No. US 2008/0285129. According to one aspect, the time sequence is
synchronized with a transmissive or 10reflective imaging device in a projection system that receives a
combined light output from the color light combining system. According to one aspect, the time sequence
is repeated at rate that is fast enough so that an appearance of flickering of projected image is avoided,
and appearafist isfhadeehiSrtifacts such as color break up in a projected video image are avoided.
15FIG. 13 illustrates a projector 1300 that includes a three color light combining system 1302. The three
color light combining system 1302 provides a combined light output at output region 1304. In one
embodimentl.combfeantid slamenacempiisi Rsyion 1304 is polarized. The combined light output at

output region 1304 passes, 1 QugbHIRERIEE PrYSH 3P Pi0; %%qg@q%{@ﬁ%@d@g%light engine

optics 1306 comprise lenses 1322, 1324 and a reflector 1326. rojector optics 1308 comprise a lens
1328, a PBS 1330 and projectiorfQdrsanit3xironghbperct eespenel shletaitie st &3pUB32 can be
movable relative to the PBS 133%&@vide focus adjustment for a projected image 1312. A reflective
imaging device 1310 modulates the polarization state of the light in the projector optics, so that the

intensity of the light 25pas3i§ HRepE deBoHHl tRtOMNG RREEADH IS MIf#&Emodulated to
produce the projected image 131¢ A&l &HeHI 4 3cbrdl FRpPlRAtPfapasdeaiadmrging device 1310

and to light sources 1316, 1318 and 1320 to synchronize the operation of the reflective imaging device
1310 with sequencing of the lighS8eRIE&PYBRFTace 8%hd 1320. In one aspect, a first portion of the

combined light at output regigned(d s SirastRsnRR QYRR Her QIRSIBERIIISS PRSP dRgdgecond

portion of the combined light output can be recycled back into color combiner 1302 through output region
1304. The second portion of the BEWBRIERIighteaisieans3 epsansHEiais® color combiner by reflection

from, WO 2010/059681P (yhA-En? Y ER499 € Hol £ramRlaiBasineh iteptiastive Rriaigerpaarsflective LCD
and the like. The arrangement illustrated in FIG. 13 is exemplary, and the light combining systems

disclosed can be used with otherdpFbie 88rPagdtehh Seam it NP dhePRS AR ARARYES ect, a

transmissive imaging device candgaese HAECAEAIRG JONEI RFR DA 4@ ebiit&PRINg system as

described above ) . . .
combined elliptical polarized light.

2. The optical element of claim 1, further comprising a third color-sel ective dichroic
filter having athird input surface, disposed to transmit athird light beam perpendicular to
the third input surface, wherein the reflective polarizer is disposed to intercept the first
light beam, the second light beam, and the third light beam at an angle of approximately
45 degrees so that the first, the second, and the third light beam are combined into a
combined elliptical polarized light.

3. The optical element of claim 1, wherein the reflective polarizer is aligned to afirst
polarization state and each retarder comprises approximately quarter-wave retardance
aligned at an approximately 45 degree angle to the first polarization state.

4, The optical element of claim 1, further comprising areflector disposed so that a

line normal to the reflector intercepts the reflective polarizer at an angle of approximately

45 degrees.
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produces a three color (white) output. The system has high efficiency because polarization properties
(reflection for S-polarized light and transmission for P-polarized light) of a polarizing beam splitter with
reflective polarizer film have low sensitivity for a wide range of angles of incidence of source light.
Additional collimation components can be used to 10improve collimation of the light from light sources in
the color combiner. Without a certain degree of collimation, there will be significant light losses associated

with variatio®-of dichhgieréeaaiemealsoh ¢lanatibr dithsiglenapnistigaritesi AM)SaeddI SR or increased
evanescent egpicaiRoleEAiaHiam Glitinetes daquagied g rdsslisn s pirainaliemana dyction In the
PBS. In the present disclosure, polarizing beam Splitters function as light 15pipes to keep light contained
by total interfiPrsAe QibafisH dirgenasef giﬁ)'?ﬁﬁough desired surfaces.  Although the present invention
has been described with reference to preferred embodiments, workers skilled in the art will recognize that
changes may be made in form and detail without departing from the spirit and scope of the invention.
20Unless otiferwisehinitigade amaninfigsrBrEspeessing feature sizes, amounts, and physical properties

used in the specification agdl elaiRler258 4008 HRARSRIAGARDRIOE Meacifiss By ths(ompsakout

Accordingly, unless indicated to the contrary, the numerical parameters set forth in the foregoing
specification and attached claimd @Rt HAdichs beandapiRand abydadhr) tigdARHe desired
properties sought to be obtained gpfyrghose skilled in the art utilizing the teachings disclosed herein. All
references and publications cited herein arc expressly incorporated herein by reference in their entirety

into this disclosure, excepB&FABASA S BSiRY eiverd§i [ErmHne: sreenstiorY 8Urkdfough specific
embodiments have been illustratgliaRd fRseHReM ekt Mihbs-ariavaiathytiege of ordinary skill in

the art that a variety of 30alternate and/or equivalent implementations can be substituted for the specific
embodiments shown and describE8RAMBRIIRHFRFg from the scope of the present disclosure. This

application is intended to ¢Gyes @mﬂ%ﬁg@,qraﬁqﬁa@egﬁéﬁ%gs&)ﬁg&i%wp@B}fpaqszgiscussed
herein. Therefore, it is intended that this disclosure be limited only by the claims and the equivalents
thereof. What is claimed is: disposed between afirst retarder and a'second retarder, wherein the
first reflective polarizer is disposed to intercept the first light beam
and the second light beam at an angle of approximately 45 degrees,
a second reflective polarizer laminate, comprising a second reflective
polarizer disposed between athird retarder and a fourth retarder,
wherein the second reflective polarizer is disposed to intercept a
reflected first and second light beam from the first reflective
polarizer laminate at an angle of approximately 45 degrees,
afirst reflector disposed so that aline normal to the first reflector
intercepts the first reflective polarizer at an angle of approximately
45 degrees, and
a second reflector disposed so that aline normal to the second reflector
intercepts the second reflective polarizer at an angle of
approximately 45 degrees,
wherein the first and second reflective polarizer laminates and the first and
second reflectors cooperate so that the first and the second light

beam are combined into acombined elliptical polarized light.

7. An optical element, comprising:
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1. An optical element, comprising: a first color-selective dichroic filter having a first input surface, disposed
to transmit a first light beam perpendicular to the first input surface; a second color-selective dichroic filter
having a second input surface, disposed to transmit a second light beam perpendicular to the second
input surface; and a reflective polarizer laminate, comprising a reflective polarizer disposed between a
first retarder and a second retarder, wherein the reflective polarizer is disposed to intercept the first light

beam and the second ligh@bégiriokeraseieatie ef ppioiiteatay o b tid ap B SHHAEEh di ipPesethd the second
light beam are combined into a cmbined el RLisH @é&ﬁ%@%@ﬁdi%u@?o%g?ﬁlsﬁlﬁm?m of claim 1,

further comprising a third color-selective dichroic filter having a third input surface, disposed to transmit a
third light beam perpendicular to $4éa¢8id input surface, wherein the reflective polarizer is disposed to

intercept the first light beaﬁbétlﬁ\é?%ﬁ%?%%ﬁpga%r%wfm@rtﬁé(ﬁr@ﬁmiﬂ ansangle of approximately

45 degrees so that the first, the second, and the third light beam are combined into a combined elliptical
polarized light. 3. The optical ele¥fPREH QATANINILBSESRNEHFE Ree Ogs BRI 7 WIitSed to a first
polarization state and each retardgg ﬁ@@&f&oximately guarter-wave retardance aligned at an

approximately 45 degree angle to the first polarization state. 4. The optical element of claim 1, further
comprising a reflector dispbdEd € esty e nplar s inanitatacrRoARAeHId R EFsE FRE aFlEy Rl Btive  polarizer at

an angle of approximately 45 degfiggssed bMRAPHIALE!BRIRRE ShERUBIndERRIGOMRIEIAYA first and

second prism forming a polarizing beam splitter (PBS), and wherein the reflective polarizer laminate is
disposed on a first diagonal of the BE S| sl yenefar drdipescedmisrigisept dha Srédishideactive dichroic

filter having a first input surface, disposffidertEpprmihaddistdghideas perpendicular to the first input
surface; a second color-selective dichroic filter having a second input surface, disposed to transmit a

second light beam perpen@RaRIA6SHCEe BALIHSHI DR camRstT B sRFOMbISH 26l Y8minate,

comprising a first reflective polariggoizpefgsbRefarah i i Fatridricr B PaFetpihd éelagier, wherein the
first reflective polarizer is disposed to intercept the first light beam and the second light beam at an angle

of approximately 45 degrees; a SWESIRINTEIRIRANDHPEASRY SRAFALE! AHTPIOSREY Ql BEEERR Haflective
polarizer disposed between a thigdsiandgritaiedra frirmthestiasd e ool e sacanddeligeiive polarizer

is disposed to intercept a reflected first and second light beam from the first reflective polarizer laminate at
an angle of approximately 45 dedhéh Of FRIPLIIRARY AR HBFEESo that a line normal to the first reflector

intercepts the first reflectiverpelaerestat arRRREtEsetRAR AKERISHALD trdiegTeaBgid second reflector
disposed so that a line normal to the second reflector intercepts the second reflective polarizer at an

angle of approximately 45 degreggt,erceptsthefirst reflective polarizer at an angle of approximately
45 degrees, and
a second reflector disposed so that aline normal to the second reflector
intercepts the second reflective polarizer at an angle of
approximately 45 degrees,
wherein the first and second reflective polarizer laminates and the first and
second reflectors cooperate so that the first and the second light

beam are combined into a combined elliptical polarized light.

8. The optical element of claim 7, further comprising a third color-sel ective dichroic
filter having athird input surface, disposed to transmit athird light beam perpendicular to
the third input surface, wherein the first and second reflective polarizer laminates and the
first and second reflectors cooperate so that the first, the second, and the third light beam
are combined into a combined elliptical polarized light.

-47-



wherein the first and second reflective polarizer laminates and the first and second reflectors cooperate
so that the first and the second light beam are combined into a combined elliptical polarized light. 7.An

optical element, comprising: a first color-selective dichroic filter having a first input surface, disposed to
transmit a first light beam perpendicular to the first input surface; a second color-selective dichroic filter
having a second input surface, disposed to transmit a second light beam perpendicular to the second

input surfac&. a first RefrRitRA ¢leraecof| staimalel WHMbeRiPiy g nesa il ceidedporanaBlediEposed between
a first retardepanghih§ @59 BohTBEAEH | i]ﬁﬂﬂ?di??lﬁ?%éﬁﬂdﬁfﬁ?@‘éec&ﬂﬁﬁéﬁrliﬁegﬁflﬂéﬁgéﬂiBFﬁ.rcept the first

light beam at an angle of approximately 45 degrees; a'second reflective polarizer laminate, comprising a
second reflective polarizer disposed between a third retarder and a fourth retarder, wherein the second

reflective polggizer i l3RasaCkIGRIFIGEARIRFOSGARNE AR RAATLIARIE ik teligre polarizer

laminate at an angle of approximately 45 degrees; a first reflector disposed so that a line normal to the
first reflector f@EfEepioReE Hrap RITEEHUB3E WM ASSlegren PRYIGIO S THSh RN S8 grees; and a second
reflector disposed so that a line normal to the second reflector intercepts the second reflective polarizer at
an angle of approximately 45 degrees, wherein the first and second reflective polarizer laminates and the
first and secéhd reffd@PEEh6ISEIGHE §8MIRAISIAE: first and the second light beam are combined into a

combined elliptical polarizgg;{glabs By JRfaRHCal PIRRAMETHAFRY AfHENGSEANPIEING PG

color-selective dichroic filter having a third input surface, disposed to transmit a third light beam
perpendicular to the third input stPfHEBSTEBIH i HiRSeahBeseRheLtaf ELIRRS e 4PREr laminates and the
first and second reflectors coopeggie,se that the first, the second, and the third light beam are combined

into a combined elliptical polarized light. 9. The optical element of claim 7, further comprising a fifth
retarder capable of conveRiFR§AE eIRIMET IR SheRIofAigmbia aReranednihad Mear polarized light.

10. The optical element of claim §;yheeei thpdifin SQRERT IR BEaTigamaNg calarastrligned at an

approximately 45 degree angle to a first polarization state. 11. An optical element, comprising: a first
color-selective dichroic filter havifF R IRHpBH &G®ace, disposed to transmit a first light beam

perpendicular to the first iR@uiprfreqa ﬁggﬂ@@ﬁp@lﬁ]ﬁﬁ@%gr@q@ﬁgm réttest RRvingisagand input
surface, disposed to transmit a second light beam perpendicular to the second input surface;
disposed adjacent to a first retarder, wherein thefirst retarder is
disposed to intercept the first light beam and the second light beam
at an angle of approximately 45 degrees;

a second reflective polarizer laminate, comprising a second reflective
polarizer disposed adjacent to a second retarder, wherein the
second retarder is disposed to intercept a reflected first and second
light beam from the first reflective polarizer laminate at an angle of
approximately 45 degrees; and

a half-wave retarder disposed between the first retarder and the second
retarder,

wherein the first and second reflective polarizer laminates and the half-
wave retarder cooperate so that the first and the second light beam
are combined into a combined linear polarized light having afirst

polarization state.

12.  Anoptica element, comprising:
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a first reflective polarizer laminate, comprising a first reflective polarizer disposed adjacent to a first
retarder, wherein the first retarder is disposed to intercept the first light beam and the second light beam
at an angle of approximately 45 degrees; a second reflective polarizer laminate, comprising a second
reflective polarizer disposed adjacent to a second retarder, wherein the second retarder is disposed to
intercept a reflected first and second light beam from the first reflective polarizer laminate at an angle of

approximately 45 degrees2 Hrel 0HAHSHBGE Rakaiarel G H s Jeayipe e esh irRUTiBst faeyrdispesed the second
retarder, wherein the first and segORd{SHR & RPPIRFI BREAR B Qg {Bq@ﬁfrgﬁx@fetarder cooperate

so that the first and the second light beam are combined into a combined linear polarized light having a
first polarization state. 12.An optid4f@€ment, comprising: a first color-selective dichroic filter having a first

input surface, disposed toa{@gﬁgjt@gfgééiga;m%mgﬁf@iﬁ%é%%gﬁéq H@gyg@ﬁgg@ce; a second

color-selective dichroic filter having a second input surface, disposed to transmit a second light beam
perpendicular to the second inpudiSOpREEEOA ARSI ReapARGh b T Repn PerRaedisHlApItsiAG a first reflective
polarizer disposed adjacent to a figshHata; rgw%@?in the first retarder is disposed to intercept the first
light beam at an angle of approximately 45 degrees; a second reflective polarizer laminate, comprising a

second reflective polarize@dispdSHacCHYRAIR S ABHIHE ROBRIS ARSI eHetvenarEttider is
disposed to intercept the second jightLeae) A8 RGIeLIARRK XM e fieerrRes Pk a half-wave

retarder disposed between the first retarder and the second retarder, wherein the first and second
reflective polarizer laminates andPtRROBRIAQHE ¢eRA the fikgd iTiheass Fhar aglRret and the second light
beam are combined into a combigegdinaaidg|asigegriedt having a first polarization state. 13.The optical
element of claim 12, further comprising a third color-selective dichroic filter having a third input surface,
disposed to transmit a thir8 SRPRNEEEHePMPBAIGELE AR RPN DY @ FrRERN VISR IMBe first and

second reflective polarizer lamingigarfied dnpht-wixnereterd sécerereraies WhatiRendrst, the second,
and the third light beam are combined into a combined linear polarized light having a first polarization

state. 14.An optical element, conTBPRIIHJ Ela P51 THIROSBIOAECHTERT U fReNF-ENG REFFsEifPut surface,
disposed to transmit a first light hgwyne BesppRSGHERE (P4b adyicef RHE SUrface;

a half-wave retarder disposed between the first retarder and the second
retarder,

wherein the first and second reflective polarizer laminates and the half-
wave retarder cooperate so that the first and the second light beam
are combined into a combined linear polarized light having afirst

polarization state.

13. The optica element of claim 12, further comprising athird color-selective
dichroic filter having athird input surface, disposed to transmit athird light beam
perpendicular to the third input surface, wherein the first and second reflective polarizer
laminates and the half-wave retarder cooperate so that the first, the second, and the third
light beam are combined into a combined linear polarized light having afirst polarization
state.

14. An optical element, comprising:
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a second color-selective dichroic filter having a second input surface, disposed to transmit a second light
beam perpendicular to the second input surface; a first reflective polarizer laminate, comprising a first
reflective polarizer disposed adjacent a first retarder, wherein the first retarder is disposed to intercept the
first light beam and the second light beam at an angle of approximately 45 degrees; a second reflective
polarizer laminate, comprising a second reflective polarizer disposed adjacent to a second retarder,

wherein the second retardfiIstdielenseteet Vatdicispicd itten Bavilesp et ligRebRaracand SReserd light beam
from the first reflective polarizer 'ﬂf‘ﬂlia%ﬁ}i"t‘%ﬁﬂérl‘@ﬁt %&ﬂ%&’ﬁ&ﬁf&lﬁ'&iﬁo‘%ﬁ@?ﬁ%ﬁ@tﬂ a reflector

disposed so that a line normal to the reflector intercepts the second reflective polarizer at an angle of
approximately 45 degrees, wherdif@€ifirst and second reflective polarizer laminates and the reflector

cooperate so that the first 2gg-thg sgerPRE M@m&ﬁim% Q@&ﬁ@fﬂﬁﬂ?%ﬂrﬁ&%”“ polarized light

having a first polarization state. 15.An optical element, comprising: a first color-selective dichroic filter
having a first input surface, dispddeRorRsdriisARenal fisiergne E‘QQH’%@@WGR‘E@&UW fiethRst input surface;
a second color-selective dichroicdiitgrayingsrpgeond input surface, disposed to transmit a second light
beam perpendicular to the second input surface; a first reflective polarizer laminate, comprising a first
reflective polarizer dispos@di&djEREkastiXqipel ddzsrdaminmerenmpresing @y st deil esttyeROLAEEES intercept the

first light beam and the second ligftyg besheRgqkarasrimaily e fiepreepié second reflective

polarizer laminate, comprising a second reflective polarizer disposed adjacent to a second retarder,

wherein the second retarder is didise88R¥{® intereaytthedisb Hahidrmanrand Hieneeangit StdsBroximately 45

degrees; and a reflector dispose@t%w@dmﬁmﬂmb{g%r@g@@@f intercepts the second reflective
polarizer at an angle of approximately 45 degrees, wherein the first and second reflective polarizer

laminates and the reflectof S8 ERE &8 YR ROIRE 281SHMN Balee COBHRINGA BBOAR 'SHeeBRbined into a
combined linear polarized light hayiag AdfirioRta EHHEMEI818 sodbnd REARSICHIRI-IMERAE of claim 15,

further comprising a third color-selective dichroic filter having a third if;:@ut surface, disposed to transmit a

third light beam perpendicular to 3ePHS FGREPER S HreRaser Il ea Rrisaanited g Heldctive polarizer
laminates and the reflector coopgyaie sadRatdhe Ifight BEssReANthedithe tetiddiphineam are combined

into a combined linear polarized light having a first polarization state. 17. An optical element, comprising:

a first color-selective dichroic filtd REFRELH SPHBGT SORFPEMEISHo%e 489 88nafit a first light beam
perpendicular to the first i%w&a@ﬂﬁ@mw%&i@@ﬁm@lwmﬂéﬂw ifparagp@ frcond input
nd |

surface, disposed to transmit a second light beam perpendicular to the second input surface; a first
reflective polarizer laminate, comfHeNt & Fdtwe REG 423188 28015 §H SRR LMD a first retarder,

wherein the first retarder is degrees,

wherein the first and second reflective polarizer laminates and the reflector
cooperate so that the first and the second light beam are combined
into acombined linear polarized light having afirst polarization
state.

15.  Anoptica element, comprising:
afirst color-selective dichroic filter having afirst input surface, disposed
to transmit afirst light beam perpendicular to the first input
surface;
a second color-selective dichroic filter having a second input surface,
disposed to transmit a second light beam perpendicular to the
second input surface;
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disposed to intercept the first light beam and the second light beam at an angle of approximately 45
degrees; a second reflective polarizer laminate, comprising a second reflective polarizer disposed
adjacent a second retarder, wherein the second reflective polarizer is disposed to intercept a transmitted
first linear polarization state of the first and the second third light beams at an angle of approximately 45
degrees; a first reflector disposed so that a line normal to the first reflector intercepts the second reflective
polarizer laminate at an afflésbel|stbsarpRirsiyerdane grte Soamis Re8d Hat reflestbrediofiEl so that a line

normal to the second reflector int&%%gga %aégﬁpélﬂ r@ﬂ&%}iﬂé‘rﬂmﬂjéﬁrtmﬂfﬁﬁgﬁ jangle of

approximately 45 degrees, wherein the first and second reflective polarizer laminates and the first and

second reflectors cooperate so tifsreedteti aiaicent hiedoist ignhsaanmsdieessanmihdghhReatombined

linear polarized light having the f%ﬁéﬁ%ﬁdﬂé%ﬁ%ﬁp’?@@ﬁn&@-ﬁﬁ j ’Iement, comprising: a first
color-selective dichroic filter having a firSt input surface, disposed to transmit a first light beam

perpendicular to the first ifFECONFERIESCH L@ BBl 3| OYERIEt CRapEis LA RESPRAANGE B cond input
surface, disposed to transmit a SgERRG AU SRR PRARSIHFY QiR dhe: SREPNIHBRS yface; a first

reflective polarizer laminate, comprising a first reflective polarizer disposed adjacent to a first retarder,

wherein the first retarder is dispoS¥@R6 TRtaides 6 ¢ sressd igHnEREeRAt A RPPRIJ LIV RENGIAL BBam at an

angle of approximately 45 degregagf efGPPFKEIREIVISOlayiées Igminate, comprising a second reflective
polarizer disposed adjacent a second retarder, wherein the second reflective polarizer is disposed to

intercept a transmitted firs® PeHYoeRRsae s taek B PearEidR {REMest A AERIGRPISABR proximately 45

degrees; a first reflector disposedg@ihaERMCSOEBALER e HshIeBESERr RIRTaRRISIENe second reflective
polarizer laminate at an angle of approximately 45 degrees; and a second reflector disposed so that a line

normal to the second reflector inf@#g&88s the second reflective polarizer laminate at an angle of

approximately 45 degrees, waeiginéha drsieastaes rabealieghraRelatrfhis i aseaaddas first and
second reflectors cooperate so that the first and the second light beams are combined into a combined

linear polarized light having the fFPPRRIR29t0A SISt GreHE%PRAoaCe [LPhERET &% AP A6fher
comprising a third color-selective %gr%m%]m@g®@%mmt%ﬁ@aﬁi@%%iE@ﬂ@psmit a third

light beam perpendicular to the third input surface, wherein the first and second reflective polarizer
laminates and the first and secor®ft&flectors cooperate so that the first, the second, and the third light

beams are combined into a combined linear polarized light having the first polarization state.

16. The optical element of claim 15, further comprising athird color-selective
dichroic filter having athird input surface, disposed to transmit a third light beam
perpendicular to the third input surface, wherein the first and second reflective polarizer
laminates and the reflector cooperate so that the first, the second, and the third light beam

are combined into a combined linear polarized light having afirst polarization state.

17.  Anoptica element, comprising:

afirst color-selective dichroic filter having afirst input surface, disposed
to transmit afirst light beam perpendicular to the first input
surface;

a second color-selective dichroic filter having a second input surface,
disposed to transmit a second light beam perpendicular to the
second input surface;

afirst reflective polarizer laminate, comprising afirst reflective polarizer

disposed adjacent to afirst retarder, wherein thefirst retarder is
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disposed to intercept the first light beam and the second light beam
at an angle of approximately 45 degrees;

a second reflective polarizer laminate, comprising a second reflective
polarizer disposed adjacent a second retarder, wherein the second
reflective polarizer is disposed to intercept atransmitted first linear
polarization state of the first and the second third light beams at an
angle of approximately 45 degrees,

afirst reflector disposed so that aline normal to the first reflector
intercepts the second reflective polarizer laminate at an angle of
approximately 45 degrees; and

a second reflector disposed so that aline normal to the second reflector
intercepts the second reflective polarizer laminate at an angle of
approximately 45 degrees,

wherein the first and second reflective polarizer laminates and the first and
second reflectors cooperate so that the first and the second light
beams are combined into a combined linear polarized light having

the first polarization stete.

18.  Anoptica element, comprising:

afirst color-selective dichroic filter having afirst input surface, disposed
to transmit afirst light beam perpendicular to the first input
surface;

a second color-selective dichroic filter having a second input surface,
disposed to transmit a second light beam perpendicular to the
second input surface;

afirst reflective polarizer laminate, comprising afirst reflective polarizer
disposed adjacent to afirst retarder, wherein thefirst retarder is
disposed to intercept the first light beam and the second light beam
at an angle of approximately 45 degrees;

a second reflective polarizer laminate, comprising a second reflective

polarizer disposed adjacent a second retarder, wherein the second
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reflective polarizer is disposed to intercept atransmitted first linear
polarization state of the first light beam at an angle of
approximately 45 degrees;

afirst reflector disposed so that aline normal to the first reflector
intercepts the second reflective polarizer laminate at an angle of
approximately 45 degrees; and

a second reflector disposed so that aline normal to the second reflector
intercepts the second reflective polarizer laminate at an angle of
approximately 45 degrees,

wherein the first and second reflective polarizer laminates and the first and
second reflectors cooperate so that the first and the second light
beams are combined into a combined linear polarized light having

thefirst polarization stete.

19. Theoptical element of claim 18, further comprising athird color-selective
dichroic filter having athird input surface, disposed to transmit athird light beam
perpendicular to the third input surface, wherein the first and second reflective polarizer
laminates and the first and second reflectors cooperate so that the first, the second, and
the third light beams are combined into a combined linear polarized light having the first

polarization state.
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