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Proj ection systens used for projecting an i mage on a screen can use

mul ti pl e wol2oro/Bb4sght sources, such as |ight emtting dipouas2¢oeBEs73), wth
different colors to generate the illumnation light. Several optical

el ements are di sposed between the LED s and the inmage display unit to
conbine and transfer the light fromthe LED s to the i mage display unit.
The i mage display unit H&G}EBEWII&T@( FALRBLONMBINRe an i nage on the
light. For exanple, the image display unit may use polarization, as with
transm ssive or reflective 10liquid crystal displays. Still other
proj ection systens used for projectBatfighsuridrage on a screen can use white
light configured to i magewi se reflect froma digital mcro-mrror array,
such as the odTaicFlgn %gealsmedr&w@JFﬁ@tgraar%ﬁg%on pisgremFan ysgpuliple celos or

(DLP;) di I : kspl i NEHv ' r i &Ny igital
m cr50- m rlfg(q))ilrt %ﬁ?egy%rcgggggéﬁnqﬁ% (\f}l?/d Szgpﬁgi §)2,gx|5¢'§1|1 %{5}%6?&? ﬁglo}l)\grggj@g@%% qP%age. A
di spl ay pllxeinatien lightufSeveadleptivd elentdnés aodrspepdrivdiwagnha EBD S andtthd treages o

that incigdent light is.directed.intq.th roj ed optical path. A rotating
col or whebiP iy witl witinerengst Medienp el R EEPTe Wi Piveetton o
l'ight frorpetihfgd Hﬂ?ﬁa?'unfﬂc@ﬂi QseWafol§ nRfHodY to FihokOaY irhf}R on@ht BEREFMNI t e
light is filtered to project the color corresponding to the pixel. The

di gi tal rixemplentherimegadisply ugit nisyrise whlathatnt as wille traesaissoviersicfledivgi xel

col j. 2 9 t(ge gtrf)(ge S is continued at such a rapid rate that the entire
profecte o f)rp' )? f)@@égrs to be continuously illum nated. The digital

m cro-mrror (8t &htd 26 S/MchBAEd R ptv@ingRinifkad 66la 8k@ycamagponent s,
which can result in_a smaller size projector. LED illumnation is becomnm ng
a common “Htenaght configures) odmageivise rqiﬁp RN griligited NECK-TBRFAs ArRBrYCh pF B hi gh

ol gt g LI ey a8 B SR gy o
i magers, V- , e ow
bri ght nesgep 1N M&Yuimiftord $AGH tﬁi@&iglt!alqgilcidgﬁlli_r%%fs LRl et Hﬂi\ﬂ@lﬁ pBels?

white source ‘made fromred, green, an ' IS to use a color
conbi ner ,of\thd wrojegd Imdge Ky displaf pixcbrssllvmimatkleviidnehé paraspondahg wofraris of LEDs

opticall Yi1fARG Mat tiI‘(PCl(?e%?’[.llgﬁllls iroted Jn?dp th\é\/ip%orjlec & th?c:glpga{th. 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.

LED illumination is becoming a common method for projection illumination.

25 LEDs offer long life, high color gamut, high efficiency, the ability to be strobed for
sequential imagers, and contain no mercury. However, LEDs have a relatively low
brightness. One way of at least doubling the effective brightness of a white source made
from red, green, and blue LEDs is to use a color combiner, which uses dichroic filters to
make the individual colors of LEDs optically appear to spatially overlap with each other.

30 These types of devices are broadly described as being “color combiners”.

Color combiners typically use dichroic filters that are tilted relative to the light

beams passing through them. 3M Company has recently developed color combiners
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30These types of devices are broadly described as being "col or conbiners".
Col or conbiners typically use dichroic filters that are tilted relative to
t he |i ghtwbearmgsp#ssi ng t hrough t hem 3M Conpany has r eeemtusgoodevzsioped

col or conbiners WD 2010/ 059453PCT/ US2009/ 063779 where the dichroic filters
are at normal incidence angles to the average light path for the LED
output, and the light is effectively diverted through a conbination of a

ref | ect i vehgse therdichspic SHgrscpre pt rarmahipsidsnes agles tortgeveragg Hehtawsh fog th

i mport ant r 0J g T [ olor |ight
sour ces. Sl PRDCsepd He P LBk AP R RL o T2 eI an

del i ver i n@ldrirer dddyduiarttowbWeplatemge di splay unit all affect brightness. As
the size of modern projector systens decreaéfes, there is aﬂgﬁg@o mai nt ai n
an adequat e | EEC BRERHEI I AbITRIKEAERATAMACY of HprofogHon syHem | 9BIRY heat
prodyiced f¥.ofoRohQdoffcel bt ihe SOH GRS s B c@lléc?inlc%YlﬂJinih?,q{o nhedingSi pat ed
in a smll proj éctor system There is a need-for a [TFght conbi ni ng system
t hat conbiechesimpithe lighteto ¢lod wrage idgiptay umittahl dffect eaghduksefAs the eze pf wdpmovi de a

i ght output with an adequate | evel of bri.ghtness w thout K excessive power
consunpt IGHEET P E5TESs ot pcreodng e Hoatrbyr el i Bonbi hi ng
system t haghelickewhFe hil tBOSar tidle kE§Ii/DheBMRALERDENthS REIGL lightl BuRtc§BRIMEr tO
m nim ze the degradation of the wavelength-sensiti ve conponents in the

| i ght corbwrdevel thescgubmdipsypated in a @aalleprajectpr system phlwseista ned dorigightn rel at es

i gh-d bi.l | i.cal gl ; I I I iag. th i .Ggal
g e R Y e R A

optical el lgieottpunwitideadeubicistel ©0bOghta&Hs ethoueexdGiveictvel kbiistphiari ng a
20first input surface, disposed to transmt a first color |ight beam

per pendi dil lzght sQ3iregse Thieregis alspguecd forfdieht combipingrsysiemgbatidjiecdilight of ¢ mirror
di sposed tg. S i gt )

appr oxi m(%g?ﬂﬁ%\ggﬁgegl%éﬁe%;%cé%@ %mgﬂe?é%ﬁrggﬁ%%ﬁg%é g(}a%gfl?gg{segﬁmaeéﬁng&he nt the
col or - selsenditivecahminents én therlight cornfipasi te the first col or-sel ective
dichroic filter. The color-selective dichroic mrror is capable of

r ef %cting a major portion of the first color 25light beam In one

enbodi ment, the first color light begmipe udes a wavel ength of Iight

Generally, the present description relates to high-durability optical elements, color

combiners using the optical elements, and image projectors using the color combiners.
In one aspect, an optical element includes a first color-selective dichroic filter having a

20 first input surface, disposed to transmit a first color light beam perpendicular to the first
input surface; a color-selective dichroic mirror disposed to intercept the first color light
beam at an angle of approximately 45 degrees; and a reflective polarizer disposed adjacent
the color-selective dichroic mirror, opposite the first color-selective dichroic filter. The
color-selective dichroic mirror is capable of reflecting a major portion of the first color

25 light beam. In one embodiment, the first color light beam includes a wavelength of light
that is capable of degrading the reflective polarizer. In another embodiment, the optical
element further includes a second color-selective dichroic filter having a second input
surface disposed to transmit a second color light beam perpendicular to the second input
surface, and intercept the reflective polarizer at an angle of approximately 45 degrees,

30 wherein the color-selective dichroic mirror is capable of transmitting a major portion of
the second color light beam. In yet another embodiment, the optical element further

includes a third color-selective dichroic filter having a third input surface disposed to
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that is capable of degrading the reflective polarizer. In another
enbodi nent, the optical elenent further includes a second col or-sel ective
di chroi ¢ Wol20w05h#8i Ng a second i nput surface di sposed POTIUSAMMHI77R second
color light beam perpendicular to the second i nput surface, and intercept
the reflective polarizer at an angle of approximately 45 degrees, 30wherein
the color-selective dichroic mrror is capable of transmtting a nmajor
portion Jfansmi adBied geloe Belyrbepmawtpepdigriar fnthg shirdinputrarfaesrigpdimesent thhe
optical el i her i i liQr - se tve dichroi.c.filter
navi g a R cPRaEASh e A6UCYPTnRolitlidy SRl RO BEL L Beth BRIt Bk 063770
transm t dchrbicrmairoe isaraphblgbf trivesarittipgrapandi pattian of thetthied tdlor ldghtbparh. sur f ace,
and intercept the reflective polari.zer. at an angle of approxi mately 45
degrees, wher &PANPHET BFYr2 %@%%qnil%erd?@meéiae W@ferlil%lt-c"éb%wt@a f
transm ¢ L3R BNGS R ORR. LhochEGERbLIRPOYink b Gl iBFAThurh, GRAL
el erent . e

r
aspect, a color conbiner includes an opti cal optica Se?enent

i ncl udes tatifansmsit adwteplos dightchdawepatpaidraia té tHetfest ihptisngaee; flicowr-selagite

surface, disposed tq.transmt a first color.light beam perpendicular to the
irst tnglitBaeses dishoRg o et bt Gt B Ar o HePbsed 1o

I nter Ceptapbf&iﬁlbtég%%g%es;' dn@hitreREARR PbladiRe AP RBe PAdjARAT MK IcBRT 8Lt
degrees; and a reflective Eolarlzer di sposed adj acent the col or-sel ective
di chr oi ¢ di¢hrpigmiropEeepiits thyErst colot-sdettye-didireie filtgw vdicohin dieccotdrt t er |
wherein th ol or- 10sel ective dichroic mrror is.ca I f refl.ecting a
i 7 portieaivon R g (iRef of RReSngh pl T poBid A b histic. 17t
col or |i ghttmbaaohé e@bodiasne thave! @t iiphebednh gitludeb atvavslea@paplightahat is
degrading the reflective polarizer. In another enbodi ment, the optical

el enent faapitiepf degsrdipdicaciiccdiznaolebrar Ji anatheropbodirpddhe opliqal elensali ng a

second iy féﬂ%ﬁ%lfl@&%ea &E&We@?&-&%oﬁ@@@?ﬂoﬁc fily Ha aGQLAHd ibﬁ@@hrf@ am

per pendi cul ar e second I nput surface, and ntercep he reflective
pol ar i zerdiglosahtoarmkmitafscegilriiritghebsandperdagh @ta, to Weesceomd inpet surface,

color-selective dichrojc.mrror is capable of transmjiting a nmajor portion
of the se®AYEEPINC rqf&ﬁ&mo@a?ﬁmr At ng%ﬁ%@foxgﬁﬁt_s& 4?94% ?eef,h%h%aﬁﬂ&a

el ement flidh@fecliNChibReR @irtdhiid ShpaQl O HaRRE o emTiof g&%_ﬁ of et REod¥aVvi Ny a
third i nput surface disposed to transmt a third color |ight beam

per pendi cwladighbb¢ane Inhjict andtigyembedmieant.ehe aptical plementefprthetheclnddsl etbirive

pol arizer at 20an angl e.of, appr.oxi nately 45 degrees, wherein the

Bol o - sei el EoT AP T PBYoE & TRkp mbpEsis et PRRRIAFR PRSP Rt eoSr ¢ i on
of the t hi%’h@b&ﬁﬂl BérpbhAAHafI8 38 third input ki fARL arRNQtR@pt ASREMctive plafk&Gk | on
systemincludes an optical elenment. The optical elenment includes a first

col Y - selaaanileof@pploxnatelyi4Stdserchavihiveein tha qoder-sekpstive dighfoscmirrafiisposed t o
e ¢ et o AT PSATILEBIRAADEL he TPU Srf 20®
| i ght beam at laycea@kieer@bpect, a projection system includes an optical element. The optical
element includes a first color-selective dichroic filter having a first input surface, disposed
to transmit a first color light beam perpendicular to the first input surface; a color-selective
25 dichroic mirror disposed to intercept the first color light beam at an angle of
approximately 45 degrees; and a reflective polarizer disposed adjacent the color-selective
dichroic mirror, opposite the first color-selective dichroic filter, wherein the color-
selective dichroic mirror is capable of reflecting a major portion of the first color light
beam. In one embodiment, the first color light beam includes a wavelength of light that is
30 capable of degrading the reflective polarizer. In another embodiment, the optical element

further includes a second color-selective dichroic filter having a second input surface

disposed to transmit a second color light beam perpendicular to the second input surface,
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approximately 45 degrees; and a reflective polarizer disposed adjacent the
col or-selective dichroic mrror, opposite the first col or-selective

di chroi ¢ WDI208v059488erei n t he col or-sel ective di chroi ¢ nmPCrars2e09/06xpabl e of
reflecting a major portion of the first color |ight beam In one

enbodi nent, the first color |ight beamincludes a wavel ength of |ight that
i s 30capabl e of degrading the reflective polarizer. In another enbodi nent,

the opt i car iefFeapiihe rafleetier palariacn dean wekefomarassndelyst) derevevinreRites
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| i ght beam perpendi cular to the second i nput
2010/ 0594582 Cipht 5200 INGEB dndharthbodingsnt.apt optival clefkerciurtier ipcldes zthirdat an

angl e of approxi mately 45 degrees, wherein the col or-selective dichroic
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surface, an inéerce t.the reflecti Vghggﬂp'g{iéer%@tﬁ an angl e of
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In yet another aspect, an optical elenent includes a first col or-selective

di chr oi ¢ filidrheyingavirsignput ifage, digpesed suirdnsowt 2 diss poeelghtdeamansnit a first
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pol &1 i zerr e ARllh P B RRTIEY sBycie NIReb B AP b i thaifeifle o

appr oxi medotdrYlighbbehegiteRsngRofagplnimasyMacReftes pasREbut Quifdicarisypoledttbe first
color light beamin an output direction ,erFendi cular to the output
surface; teandmy thofiest calar ightibgamdn ampypet ¢iachen PePSHBIEY todhg eite¥tcept bot h

the first or ki sec i e .0f
appr oxi mat g%/eﬁg&gggltroéggg hgﬁl %hg?lgﬁﬁgﬁgglgﬁéscp ité\/%@%?eéﬁﬁgéﬁctﬂ%]ﬁ?s?géﬁgg ctapabl e
of refl edichmgnd afsee@td dubjrdighpbeaim aranaingtchd appoaimatelglddrdekioght Theestoi-n t he

output direction, and transmttin second major portion of the first
light beaifiorHive HEhs BT df ?@é@h@&%reaﬂwl%% %ﬁ%&r fon IS S5erL8Ploel ement
further 1Rk BRS ifthS BGORAdIEQhiBh. ! Rk bintfindh GLRH faldr doRfor hOrsR igRCONd

1
i nput surface, disposed to transmt a third color Iig beam per pendi cul ar
to the sécemdnitmputtpgulieao®,. irhencdmbodireltothe lopgt clrerwmt fBthcampalides of

intercepting both the.reflecti olarizer and the color selective .dichroic
o arCHRE B s VRS et B e TR o PO G L LT

di chr oi ¢ tfird t&6r 1ightGRRAYEAlichifapRSE kédoRd ihut Birffbe MBE Hir OIS 1Mt Bank he
third light beamin the output direction. Brief Description of the Draw ngs
25TH ougtrenable pbingpeapiting dbathi the raflstbraprierides aptie colpr selectyspeideld mirgni ngs,
wher e at an angle of approximately 45 degrees. The color-selective dichroic mirror is capable of

transmitting a third major portion of the third light beam in the output direction.

Brief Description of the Drawings
25 Throughout the specification reference is made to the appended drawings, where
like reference numerals designate like elements, and wherein:
FIG. 1A is a schematic view of an optical element.
FIG. 1B is a perspective view of a PBS.
FIG. 2 is a perspective view of a PBS.
30 FIGS. 3A-3D are top view schematics of a light combiner.
FIG. 4 is a top view of a polished PBS.
FIG. 5 is a top view schematic of a light splitter.
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| i ke reference nuneral s designate |like elenents, and wherein: FIG |Ais a
schematic view of an optical elenent. FIG 1B is a perspective view of a
PBS. FI GwW@ 208/@94%8r spective view of a PBS. 30FI GS. 3A- BDTAIS0000O7T ew
schematics of a light conmbiner. FIG 4 is a top view of a polished PBS.
FIG 5is a top view schematic of a light splitter. WO

2010/ 059453PCT/ US2009/ 063779 FI GS. 6A-6B shows a two channel col or

conbi ner. FI GEIGA0xeBsshowes atwedihgrndd 6plor peipbinf. G 8 is a graph of

transm ssi on spg&t ?gmﬂh%WSQa(% %racoﬁﬁ)tﬂ%r;rat ic view of a projector. 5
( y t e.

The figures are not necessari 0 sca Li ke nunbers used in the figures
refer to |i ke HGnpaneptaph oFouwesnession $peetrd.] be understood that the use of a
nunber to refer tq.a conponent in a gjven figure is not intended to limt
the conponent G§lf§- gﬁﬁ)‘l‘ mfie ey ¢TAIIPKA% t h t he same number. 10 Detail ed
Descgi ption The optical elenents described herein can be configured
as high durability color conbiners that receive different wavel ength

spect rum | i ghtBiedighrgravdnctencacssantyitoechld. i gkt nombpustus¢chiatthe fighnasiedertthe

o 1o ot Yol ShoLl pect LU LGRS, LA oRe, Gebect,, L scelved 1511
anot her agRfhent in a given figure is not intended to limit the component in another figure
labeled with the same number.
10
Detailed Description
The optical elements described herein can be configured as high durability color
combiners that receive different wavelength spectrum lights and produce a combined light
output that includes the different wavelength spectrum lights. In one aspect, the received
15 light inputs are polarized, and the combined light output is polarized. In another aspect,
the received light inputs are unpolarized, and the combined light output is unpolarized. In
some embodiments, the combined light has the same etendue as each of the received
lights. The combined light can be a polychromatic combined light that comprises more
than one wavelength spectrum of light. The combined light can be a time sequenced
20 output of each of the received lights. In one aspect, each of the different wavelength
spectra of light corresponds to a different color light (e.g. red, green and blue), and the
combined light output is white light, or a time sequenced red, green and blue light. For
purposes of the description provided herein, “color light” and “wavelength spectrum light”
are both intended to mean light having a wavelength spectrum range which may be
25 correlated to a specific color if visible to the human eye. The more general term
“wavelength spectrum 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
30 optical element to a desired polarization state of light that passes through the optical
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
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the received light inputs are unpolarized, and the conbined |ight output is
unpol ari zed. In sone enbodi nents, the conbined |light has the sane etendue
as each ovothw/osessei ved |ights. The conbined |ight can peTaispaopeiromati c
conbi ned Iight that conprises nore than one wavel ength spectrum of [|ight.
The conbined |light can be a tine sequenced 20out put of each of the received
lights. I n one aspect, each of the different wavel ength spectra of |ight
cor r esporlW&ein with refiordnge Enthe Feguses. pn gptical elegient sagh ag p gelariaerclisnedio, thand t he
conbi ned and
oo 11 gt bale Tk JBtion BF R Jol PP RRLFRERIC Fhols R AR o1
and "wavetaagf highs pedtreficotd orgitsorbarie siaodsrhi pd’hir&l’adﬁld stae (iretis dasgiht shavi ng a
wavelength spect rum rapge whi.ch may be 25c rrelated to a specific color if
vi si bl e tROIATHEUPRHAR) %{}lég%tmés FPol?eeur@@%qOéht #dhepolapzes I%‘h@‘ts{’)? @bee@%&% li ght "

ref e§s t Q([) 2%5 %’ k gbﬁh‘éat%dstaﬁe Bﬁﬁgmlaé{ﬁl @ﬂ%{; IBr ?%g?%gﬂré gspcﬁérléa'tlgﬂ hta{e[}?ls udi ng,

for exanp red |1 ght oses of cription
provi ded lfght.ef dgsirtthe term’ allgned to a desired polarization state" is

intended to as OCIat the a ment of. t he axi s, of an 30 apt

el ement to a dush Fadtpaneie o MocseitisnaroTigmeT e han® Bl aTeh oot ne
optical en@rRiont H}Sﬁosed@o 48 b pepch@bdbl B frOm tBd alrfics Hﬁﬂle%ﬁen%npﬂllmsz ation,
p-pol ari zation, right-circular polarization, |eft-circular polarlzatlon ,

or the ||ameapt1wi rothethatnib 6o perpendiesler fotthel othey @@m@ﬁt@%&@tu&@@m@m??g
her eren t.he Fi yres

o 501 zerietn g L FRESenRe PRl BSPSR s8he R bnd R R M at i on o
t he pol ardngier élhﬁltenﬂaﬁtﬁ@ﬁnélh@esﬁh@@ﬂeﬁfeh&%&pdiﬁ’te@b}’vlbptl@fso|thzghthghaﬂi§' reflects
or absorbs the second polarization state (in this case the s-polarization
state) ofPerpegricular fo ore elemend iy plsRpypestculdde tharthgylareier can i nstead be

a1 aned Sto. pagioldify & ARLARAIN: Sl BmeRlnblalie nADfhibeldael or absorD

t he p-pol arization state o e5|re or t he pur poses
of the deﬁdﬁom&ﬂ&np@ﬁkaﬂednhmﬁemmihﬂhekﬁeganﬁenhn@ﬂcmehqment5roﬂheelenent

Fol [ows. divits disht BAER PIRAEhAE L pekEHAr SGPHC BT REo6OREN 6l onont

One el emgptigéReig, %96%&1&%99@&5‘%@3% %%uktﬂ&é Mﬂlﬁe filten %h@ MRaLStdisposed
adj acent each other. One el ement Tacing another el enent further i|ncludes

t he eIensnﬂeneepabaZedubyamybnéamsoxmhmﬂyASHﬁghusnﬁyobes@eﬂdeduhamcto one
el enent is.also(ggr endlcul e .other .ele nt

A t
Semoct i S pRIRET AEHHT o bf s Pethu e SROp el FERPRs L EnhTe

filter powidriRngemtiRht frRANSH Be (P&nfdgh%tto%)é &ﬂe&tix&%lér@é@éf’ id., acti|t gkt duve
pol arizer. The 15first color lig Ewpasses through the first color sel ective

di cB? oi ¢ asihighst cegrgnblae ongltresioldtidivadishe (The éOlOT-a?imtb’mdm@tf@Wnlg’Qr degrees to
the surface aof tfe {nts célﬁ{s})i%ﬁg RS %g{%ﬁf? l?r o gﬁnﬁg]:h%/e)tl%e\fgre%te&r ?n:fr t(l)lr@ti 2”

angl e of "approXi na rées. chroic

posi ti onadfladivaentizé0 e corilselettiwaligrbidmizor refRBE astij¥epgortion pf dikect the
reflectlve polarizer fromljght that can be damaging to the reflective
pol ari zer 1r§1i codor lighb fang t@ngmigha maqp portion through to the reflective polarizer. In one

aspect, the major portion reflected by the color-selective dichroic mirror can be greater
25 than 51%, 60%, 70%, 75%, 80%, 85%, or even greater than 90% of the first color light
incident on the color-selective dichroic mirror.

One advantage of color combiners having color-selective dichroic filters used at
normal incidence angles is that they can be used with low F-number optical systems. One
disadvantage is that the reflective polarizer needs to have a low absorptivity, a wide

30 angular acceptance range, and long life under intense exposure to actinic light. Color
combiners using 3M Company’s MZIP or APF Multilayer Optical Film (MOF) reflective

polarizer have sufficient angular and broad band optical performance, but can photo-
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20as hi gher energy blue or ultraviolet (UV) light). The col or-sel ective
dichroic mrror intercepts the first color light (i.e., the potentially
damagi ng woghtojoshesBore i ntercepting the refl ective pol aPCTars2009063779
color-selective dichroic mirror reflects a major portion of the first color
light, and transmts a mnor portion through to the reflective polarizer.
In one aspect, the major portion reflected by the col or-selective dichroic

mrror caeerde by agtine light yysh asWdj, bBggndamsgid crplight. dppdicasiongguteblr eat er
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di chr oi c 1bng peicls of @theatvhichrcambegradd e nefecangpasrites. Thapresheyischisuieze used
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ref | ect i vAaltlpoighmbzershingwe bs bbndchyethtorynthelpasceand bblioad thapdr tpbighathe
perfornaqp but can photo- WD 2010/ 059453PCT/ US2009/ 063779 degr ade by
actinic IPE@?m§§5WSas W, blue, and possibly green light. Applications
suitable for color conbiners can require that the reflective polarizer be
exposed to actinic light for long periods of tine, which can degrade the
reflective pollari ze%qtlmmbglpr@é/ehﬁledfil@cﬂonweem@\@léﬂgézs) eaugery xbidescispibnr

compiner with inproved reflectiye | ari zer .photo-stability. 5The processes
bynP i ch ref|ectivén§%ﬂ§ﬁW?§¥§l%ﬁé&%¥%88P§%EBFs partially understood.

Al t hough not Vi shi nihetcdedved polyn@r biyaihiaakyambiphoiy RERES of helehi-eved to
occur through the following steps; 1. Actinic Ii?ht (WV, blue, and sone
green wavel engt hs) @xuiidbae pojwestadhasiconrangs to fore Iyary@sttes. arexicnd
reflective polariz . . . YIer.: i i -%gqr ous

regi ons of the senﬁﬁgpég?i?ﬁyﬁﬁq%%ﬁgggggfaﬁﬁ%ﬁq@%gﬁFégﬁggﬁ%o fgggilarger
crystal s, or extendotyngrugati on within the pol yester, causing increased
absorptivity of th ol yner. 153. The |arger crystals scatter light. 4, The
scaf%ered |i ght hagngﬂagﬁﬁﬂ¥§§§éC%V%P'€% path length, increasing the rate

o oond, e g, ALY, Y SR L PR
pol ari zer decr easef bondegsission, absorption, and eventually resulting in higher
temperatures.
5. Under low light intensities, the efficiency of the polarizer decreases. Under
20 high light intensities, the reflective polarizer can catastrophically fail due to
heating.
Other degradation processes, including those that drop the polarization ratio, are believed
to occur, but these processes can be less significant than the above.
When two or more unpolarized color lights are directed to the optical element,

25 each may be split according to polarization by one or more reflective polarizers.
According to one embodiment described below, a color light combining system receives
unpolarized light from different color unpolarized light sources, and produces a combined
light output that is either unpolarized, or polarized in one desired state. In one aspect, two,
three, four, or more received color lights are each split according to polarization (e.g. s-

30 polarization and p-polarization, or right and left circular polarization) by a reflective
polarizer in the optical element. The received light of one polarization state is recycled to

become the desired polarization state.
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pol ari zation state 1's recycled becone the desired polarization state.
2010/ 05946 3RCITMLSNOREY, @GBMTHRyer optlcalﬁﬁ:luopaiarru@rtm bmepaﬁqrmdtrpﬂtd’meopt i cal

el ement conprises a reflective polarizer positioned so that |ight from each
of the tH® Z%IZ%I or lights intercept the reflective polarizer at

appr oxi mat el y ¥yfitayRdespeal fng b@lanﬂ'é}ﬁf chieincREE UMRr&ABhadkERP of BycRehANY known
reflective polarizer such as a Neille polarizer, a wire grid polarizer,

a nul til apsic t@pttf:r@au witth dﬁfesqmmwlz@th rangeaotiightu Far cgoinde. iar@ttayuch as a
chol ester.i C oarlze Accor

17 oy ap s tich! ¥R RoipBfe b iEligenERhinatkal SanF AFRRE 08 Mim o ser
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| ayers that serve tq interact with different wavel ength ranges of |ight.

For exanpFlcct angpplegzafionoals @Iidl ta%i@mlfdb@ paT pelanization S&EG. 2 BY o8Pt ude

sever al t i
i nteracti nglﬁ%%%ggmg??@e%enn waver elJa af% °r LQXEQ ?@QS@% ﬁr %S;n?fapéa%t% fqtlmt o]
r ef | ect ah# ipotaatsiwidt,iferncxample bhmcbotdrahhgmtt(l ¢ he“uhryeR?d), astcoatl ipackest at e.

ne as mul tilayer optical filmc a first cket of |ayers
adj ij beent OE?WGF% algiffefagtevih. fPE%XaFIiHI?ngW‘?&tCOF%?‘Eﬁ%FHt(’SG vt t%eerf layeréi)a %, bl ue
col ored |thﬁ’5'%3ac(ldet &f lay&s aéﬁh&%‘[ b e8I durfade §1etﬁ9 A PG lftﬁEraééQ\;ltﬂ gyers that

interacts w for exanple, green colored Iight (i.e., a "gfeen |ayers"),
and a thladepbckedtcohﬁed hglar(se adjratkptrsy). slopandy sthe fse:naeitmh blehfeeehlléymtlhmt

L2t S SRR S S h L B R
smal | er td?@& tb fcrd BNt QRoREI WRERg h@%%&l%yb Blute Reweleaghl 8yRgrs. . in order to
't 266 act with So?fmesrtlcorzlhﬁlrla;e?ggtlcryl %Pn? rpol%?lgérg >c/:an ‘t?el ga?ﬁl\é\ﬁgr?; Sp erlt]esd rgf‘lec!tllvg nt
polarizers that can include packets of film layers as described above. Often, the higher
energy wavelengths of light, such as blue light, can adversely affect the aging stability of
the film, and at least for this reason it is preferable to minimize the number of interactions
of blue light with the reflective polarizer. In addition, the nature of the interaction of blue
25 light with the film affects the severity of the adverse aging. Transmission of blue light
through the film is generally less detrimental to the film than reflection of blue light
entering from the “blue layers” (i.e. thin layers) side. Also, reflection of blue light
entering the film from the “blue layers” side is less detrimental to the film than reflection
of blue light entering from the “red layers” (i.e., thick layers) side. Techniques have been
30 described to reduce the number of interactions of actinic light with the reflective polarizer,

as well as to reduce the severity of the interactions, for example, by placement and

orientation of the reflective polarizer. Suitable techniques are described, for example, in
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exanple, b | nt .and rle on of t flective polarizer. Suitable
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COLOR COVBI NER, filed on an even date herew t I n one aspect, the
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the eflective zer ti onbi ner, by
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reflecti Vi@l &f aiz@pticalcle@b@rsusiehestiayenallbeibih Face thatris ien Heditiesddsadpacomy or
portion of the actinic light, while transmtting the nmajor portions of

ot her waVht Eiigetie reflamzeghin yot anther caaiadinents the celer é@leweéi&hr% [Thr oi C
mrror is ag'b B%é at%gil %?%ﬁaté AehB: il Sgstdler(&d%k%gd& {eﬁe@tn%’bﬁl}ag%?d' ment,

the col or- ect ic mrror can or ne
reflecti vﬁe]cﬁ)ﬂmlsarebtzeaf dichmoicanotdienn batwdicd®ptany khewn pfcmesss alohes ive@di chr oi ¢

mrror cap instead be fornmed on .an optjcal el ene such as d|a onal prism
fac thatJéP%Slfl% PodPizeBisEiristiia sasit Itanéle@éHqCéef%@reaﬁ}téiﬁc pre, g yet

anot her %TP@Q&&’E Rin bl BEmERlAFoRE HRGENXSivE 'gSf&h%xC sifltd 4 R{aj&?ﬂrtl% Atxeparate
filmor plate’elenment that is positioned adjacent the reflective polarizer.

The col orbleeligutis refledied hy dieccohorrselectivadichmid mmmedefoye theybliknloght igepcBs s,
such as va ﬁ?ﬁﬁ? §903|t| on of an inorganic dielectric stack. In one aspect
of the pr"% COVDRUPEZT he bl ue |ayers can be eliminated fromthe

reflective polafdfective gepaelz@r RIS c ROl ivOHichRsc Rliker dré 88kin kbl ect ed
by the color-selective dichroic mrror before the blue light interacts with

t heZ@ ef | dewep ¢epyotictndi reBectivripelariaen (BRP)y engpedabd disposgéh betigen dsl diggosal ect i ve
di chroi ¢ fn& O?Ewg FISIHE rﬁeri’lifga%rl{ls%gad be a free-standing film such as a pellicle. In

some embodiments, the optical element light utilization efficiency is improved when the
PRP is disposed between two prisms, ¢.g. a polarizing beam splitter (PBS). In this
embodiment, some of the light traveling through the PBS that would otherwise be lost

25 from the optical path can undergo Total Internal Reflection (TIR) from the prism faces and
rejoin the optical path. For at least this reason, the following description is directed to
optical elements where the PRP is 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

30 so that light entering the PBS undergoes TIR. In this manner, light is contained within the
PBS and the light is partially homogenized while still preserving etendue.
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ol B ve HeoShBSTPET SN S oS %@rcogoé'sflﬁ‘étﬂVe_t‘H@rﬁ’éé{@ﬁﬂ%ﬁ?iﬂﬂ‘g@ 1§ ght
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reflective polafizZer at an intercept angle of approxirately 45 degrees. By
nor mal t alegtees fronf mgmabf Imomodobodsmbmcthic vetedicptranglecwith theaefl¢ctivapalatizer | i ne

15passin er pendi cul t he supfacg t ol or-sel i dichroic filter;
by near - depsralonLataar 87 feife BodBihnS St simudf ledCofsrih fofrl | or
pref er abl4s thaydehRen o2 Bowt 449 151895 @esrcéy Om nornal . 1 n one enbodi ment, the
intercept angle with the reflective polarizer ranges from about 25 to 65

deg?@es; fromla®ne embadighegt agstarder srnlagdibetvaon degedersselictivarligBraiofider
degrees; of {J 191['{’%4%? éx%cfh?]i go({gb?lggt?o Sof c%f)o'r-@elf%lE'tfvtegr QRS r@aldGhALAET TS

pl aced bet Wween the coPor-seé ive dichrorc
source orientation all cooperate to enable a smaller, more compact, optical element that,

when configured as a color combiner, efficiently produces combined light. According to
one aspect, the retarder is a quarter-wave retarder aligned at approximately 45 degrees to a
25 polarization state of the reflective polarizer. In one embodiment, the alignment can be
from 35 to 55 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 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
30 unpolarized red light, and the color light combiner combines the red light, blue light and
green light to produce unpolarized white light. In one embodiment, the color light

combiner combines the red, green and blue light to produce a time sequenced unpolarized
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| .
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the pol arjozalhoth FRIRRNENLRor ARREIHNBWR c1dfieh-L310GivE PRALr, ALéLR ALJIGD of a
retarder disposed in the polarization rotating reflector. The polarization

r ot at i ng sckettrecdionrogafmltdrnaridudetaadana Tbt estgidbr el peetiile enyndlesired retadatipras a
color-selective di roic filter, and a retarder. The.retarder can provide
ooy Geer 1ot AP HERT SR el ho BRCRal i T L PE e A TRt v
retarder,dcgdiehelim@roin, ore is%n%ﬂb@ﬂhﬁ@t@t@ir%%s(ﬁfahgﬁ@ah@fe@irﬂer anBQh Qsdoiafdd

advantage to using a quarter-wave retarder and an associ at ed
20cHh or - selacelopevailiehon refleeen. danenrly nolavizad lightos chatiged i ¢irgharlyi s changed

to circul | ari z %g it sses .th h e - retarder

0, 1 SR BOLAL SRR L RASTRR LR e W

refl ecti ansatis oMighigolLizh@st | Stds@RlcA icBedtiods GroethE t&flccWd polarizer and

retarder/reflectors in the color conmbiner result in efficient conbi ned

l'i ght quarter-wave retarder/reflectors in the color combiner result in efficient combined light
output from the color combiner. In contrast, linearly polarized light is changed to a

25 polarization state partway between s-polarization and p-polarization (either elliptical or

linear) as it passes through other retarders and orientations, and can result in a lower
efficiency of the combiner. Polarization rotating reflectors generally comprise a color-
selective dichroic filter and retarder. The position of the retarder and color-selective
dichroic filter relative to the adjacent light source is dependent on the desired path of each

30 of the polarization components, and are described elsewhere with reference to the Figures.

In one aspect, the reflective polarizer can be a circular polarizer such as a cholesteric
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accor di ngh¢ Bigons aaépiee@rtao@f)mph@i@ mbﬁptmewhmtfbna\kzs eI ement 10 i ncl udes a

PBS 100, a fir ht. source 80, . an t|o al light tunnel 40, a
firkl col or-seﬁ%g}cﬁ&}%aa‘f £ YIGY P @Oré@alheé naGeapsting e gseecksl o

quarter- Wﬁé’&lsél%ﬁéd@gn@ﬂ’el%tWl&MdeQQ@BSVﬁ)‘O% ﬁ%%’lo%ﬁ% RGblee sabspr ber 70.
PBS 100 is further described with reference to el ow, and i ncl udes

a first pmitismljltg@t tuaueldg, aﬁmtohosselpm\@rdldlmme 18050 haweg anthppt $isfact ate 140,
and a di ago a?’[er-e/%{zes pé‘tgrg § e602 gn an g\%lonal Wav%ength selective absorber 70. PBS 100 is
further described with reference to FIG. 1B below, and includes a first prism 110 having a
20 first prism face 130, a second prism face 140, and a diagonal prism face 25 between them.
PBS 100 further includes a second prism 120 having a third prism face 150, a fourth prism
face 160, and a diagonal prism face 35 between them. PBS 100 still further includes a
protected reflective polarizer (PRP) 190 disposed between the two diagonal prism faces
25,35. PRP 190 includes a color-selective dichroic mirror 20 and a reflective polarizer
25 30. The relative alignment and orientation of PRP 190 to quarter-wave retarder 60 in
optical element 10 is described elsewhere, and with reference to FIG. 1B and FIG. 2.

First color light source 80 is an actinic light source that can be damaging to an
unprotected reflective polarizer, as described elsewhere. A first color light 82 passes
through an optional light tunnel 40 and intercepts the input surface 55 of color-selective

30 dichroic filter 50 in an approximately perpendicular direction as shown. First color light

82 passes through color-selective dichroic filter 50, quarter-wave retarder 60, enters PBS

100 through first prism face 130 and intercepts color-selective dichroic mirror 20 at an
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PBS 100 further includes a second prism 120 having a third prismface 150,
a fourth prismface 160, and a diagonal prismface 35 between them PBS 100
still furwbeniooseisades a protected refl ective pol ari zer PCPRIBR0029637d¢ sposed
bet ween the two di agonal prismfaces 25, 35. PRP 190 includes a
color-selective dichroic mrror 20 and a reflective polarizer 2530. The
relative alignnment and orientation of PRP 190 to quarter-wave retarder 60

in opti caPpeangty 4wodageceqasler ibagiasperigetieof fapiFoldrdight 83 Eparfast ¢dorF G 1B
and FI G I i i rce

t hat can léht urce S(ﬂS f %ecge;& %E\mrcg?) ?@% (ﬁfﬁg Cl@lg% : 2?%% il)glé?% &?é:fgzgér{l bed

el sewher eolok hfghf 8:1 1nnmrbepts ﬂeﬂghﬁve&ﬂ)lqmssm Ahm@ugﬂsoraan 8@ bf ﬁrmbolbt Ggitt 82unnel

40 and intercepts th ut. s ace 55 of color-selecti 30 dichroic
filter 50°3%sdHoughe % C@WHHL%%W&F%’% épwarcfréﬁf:@ttyﬁ o r@ﬁb%mﬁiﬁl’rst col or

l'ighy 82 %S $66. 1 RRUINHGONRor PEMHRRRIE FdteBIo? Ill%hﬂ( 87 ﬁa%ﬁesﬁﬂrog@l‘r’ rElfivyave

ret arder enters PBS 100 th?ough first prismftace I ntercepts
col or - selwl:%tnmeS(M(poltﬁn@ahy pausigrsoB@ damage) and@s 2@3}61@63945)39@/@82%@711063779

1 1 fi t ht 82
o TR bsPEn T s BReE atpdiBhety bRl v are ke be Beabee/ 8l e ai o

mrror 2Qahbe ARBodAUnyREERNAHih FRtoptichiPatd dARE a&ﬁné H%Iﬁrf%@%a?nﬁl@fﬂe@&éénve
pol arizer 30. A mnor portion 86 of first color 82 passes through

col or - seleetarisglecycdichot mirrar@o and rQﬂﬁﬁ/&Wﬂp@@ﬂi@éﬂl bféwg@i wiledtsic ®arizar PRP
519 t hat . m ort| 86 of. first color t 82 passes
Chrdugh o a AR 0L S B Plrf iRl g oSus gl na s
absor bed hnofaté 05(As guawallﬁpmhusel ecti ve absorber 70. In sone errbodi ment s,
optional wavel ength sel ective absorber 70 can be di sposed anywhere w thin
the optical patdFOrting ieangther asnect pppanal fight tannehpl er aysenhliespidensey (el ect i ve

pol ar 1 zer 1B B0Cero AR sl ihesLfarpll Ao R solbecs IEMBRR: ERMAERAE & 150,
or separ avdbad provide Iﬁ'brrsdnmrdoﬂmétme)f 1igbt, a&d&hnb&d elsevFHeEé L1gut tunnels coAicor di ng

noth r aspect, opti t t upnel nblles f..lenses (not
sho Vﬁ%‘«l}g@@r%ﬁf@ﬁﬁ@eﬁ AETEEE eef§1°ltaﬁf‘é{ REY SR e R ot her

Conponenta%prd?x%hé@@hal E’é;largfe?ﬁéh‘&gpén‘a{n SAB Gk 'dbﬁﬁ& bf)@acﬁfa falh&'%n A (HRscr i bed
el sewhere. " Li ght tunne s coul d 15have straight or curvg des, or they

coul d be wigpslald edthoyrtavilldase myéltﬂéanltymlBéleﬁergtthappmd@mﬁmaniaﬁorlaezppmﬁt erred
dependi n%p F %,gem fic details of each application, and those with skill in
the art WPPHH8Be no difficulty in selecting the optinal approach for a

specific applifatiBisa Fér@?ecﬁae v ewlo MEPSH EPBE MO0 Y @Yl hratedt&rc B8R 100
i ncl udes protected ref ive 20pol arizer (PRP) 190 di sposed between the

di agfonal rodist FRPrIVGdespesdl @ﬁﬁeq@@e dipgpmal GEes plcprisaess! l@(ﬂndrl-?@e PREtNe
di ch f
chrof o LLEQL. 20 aNdr ek BEIJ XE RO FAL A0, B5.JE50/, 080 MbLD R er ence

to FIG 1 i sm |ncues WO €én aces and

second prrcfncaceFIB0.A. I an mgludeStvaddl ReRa7seEss, ke irdPhhé 5cd2d
i ncludes two end faces 170, 180, and a third and fourt h prismface 150, 160

havi ng a Ig@maﬂqgff Bhdd0kaying RIRY angle between them. Prism 120 includes two end faces
170, 180, and a third and fourth prism face 150, 160 having a 90° angle between them.

25 The first prism face 130 is parallel to the third prism face 150, and the second prism face
140 is parallel to the fourth prism face 160. The identification of the four prism faces
shown in FIG. 1B with a “first”, “second”, “third” and “fourth” serves only to clarify the
description of PBS 100 in the discussion that follows. PRP 190 can include a Cartesian
reflective polarizer or a non-Cartesian reflective polarizer. A non-Cartesian reflective

30 polarizer can include multilayer inorganic films such as those produced by sequential
deposition of inorganic dielectrics, such as a MacNeille polarizer. A Cartesian reflective

polarizer has a polarization axis state, and includes both wire-grid polarizers and
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25The first prismface 130 is parallel to the third prismface 150, and the
second prismface 140 is parallel to the fourth prismface 160. The

i denti fi csDi20n/039458he four prismfaces shown in FI G 1BP@rtus2@9/063mst ",
"second", "third" and "fourth" serves only to clarify the description of
PBS 100 in the discussion that follows. PRP 190 can include a Cartesian
reflective polarizer or a non-Cartesian reflective polarizer. A

non- Car t éilgneticenpkidayiey eptaeh iy sueb as e3nbq prefuesd bnexirpsiay and subseqygnt ¢ fi |l ns
such as t . pr at §.al: pAsi.ti i Ah&: di ics,
such as 5“%)&?@ q?ﬁgﬁ %g}a ¥r| éoe%gﬁé lég{rutlacelg'i fa}tln&{reee 3@!?%@%‘%?%?‘?12%!}&%@0;

pol ar i zatthatronaybhrigitiinesxisid ghatatic] toefarsymtldrizstioe stgtel 195 pal dygargexdscubando a WO
2010/ 059453PCT/ US200Q9/ 063779 pol ynmerjc. nultilayer optical fil such as can
be pr oducePhPoizAliQh Hatcdig: im%f‘eaﬁ imgRty @F?ﬁyﬁt&@%&waowmeilggfé? c

| . : O ; ‘ . . ‘
pol y4rer | Cthé @%ﬁﬁ%@[mn s@até’,%ﬁd‘ﬁ@ét%gb lariZaBbn %1%% 19% c%h 'vg glf%-gglah%fonone

pol arization axis 1s parallel a first polarization 195, and

per pendi ctdtar Int anothes embodinpot, drd @t padariztian stakk9B.S dan bonle ppbledzatent , t he
first polarization stafe 195 .can be 5the.s-pol arization state, and the
second pot®2 R aRbRuRgESE RaRp R bR RO A OB A0 Av5ShOP Bnot her

enbodi ment|G. § BethbiffrttpoR@lzafid izt 905 i RirfenliRal £ AR JfiAR RrdFBtAr7gatison
state, and the secong pol ari zati on state 196 can be the s-polarization

state. Asl8hb¥n in FIG 1B, the first polarization state 195 is
per pendi cul ar ach of, the end.fages 170 75, 180 85, t esi an
g AR BEF Rnob % ize® R osides S poying b mtr e

reflective polariz e’ po
ability tailpasspisdmput lipghhyd tysare haﬁfuafzeolmi@tatefd,l hhd/thaodrt idivek el oand t hat
are diveégent or skewed froma central |ight beamaxis, wth _high

ef fi ci enceWIhBon ¢cagphlight beana axisywith Bighrafieenay; The Carcivnisflrgdca

| : . ol fi ‘ . . ‘ ‘
G el oot r oL Y Sin ABhirkEs rottites BhigFRRPOREFAR b Pl QY ERTGRL
advant agdawdrs dbditlevtriatol @olyatcriomeanéridli (déet ofakdchitiglilras Edndiagnche ddvaipagsofng
light. T L til; .optical fi ) [ i | il
opt1Sal  MpVideutR 26 gkl hadsersea irpeones Dot Sh maleer pocd Biza e
al.) or WUaScolpti o&?m%%é—nﬁﬁﬁa;‘e@"o?‘_ﬁ@a@?i@rn?gudﬁlas)thosglci%cri%e& fh B PehEReCt 1 ve

view of the align a quarter-wave retarder to a PBS, as used in some
enbodi merft,%02, Q4 orer-chalveoriet abPaderts, Vd %€ Baszdng ¢ athange t he

20pol ari zatio tate of incident |ight. PBS retarder system, 200 i udes
PB5 100 havi ng TPt 24 ® BTOPSaLORG ' BN e ans Argr AR AR VA et ar der
220 is disposer Beicae®ddihdi®s. f QuattePWhiiel2d®s dadbandd tdénapgsmad prism face
140. PRP 190 includes a Cartesian reflective polarizer filmaligned to

fir3d polnetdrizatipmstatstodineidensliglty RBSartajdoy sy vtem 200 arcludz PBicl00dwesing first
uarter- l,ari zat.i. gn e\ 29 hat c i fig st
T Tty SRRk B2 Y8 In gl 20,1 St 10 SB0RE 230 1 AN B adiRech Pk 3L

al i gned grisAbfat®130 4rslk thp edcand paiki Fhcesi4at @RPOB0 iAclad&d DCHdsta reflecticti on,
pol ari zation state 295 can instead be aligned at 45 to first @plarization

state 1990laizgr B ALEIcd|to SRhPSBrigitictatoA?d .| QuarsievasiseardseatGincludes a

or ot at iAo iy SR SO DR AR YR 1T e T PO GG,

coudg er - cl9c laltheegld Fi@cx showstpolad@ation siatec ROE kligrsod at 45° to first polarization state
195 in a clockwise direction, polarization state 295 can instead be aligned at 45° to first
polarization state 195 in a counterclockwise direction. In some embodiments, quarter-
wave polarization state 295 can be aligned at any degree orientation to first polarization
state 195, for example from 90° in a counter-clockwise direction to 90° in a clockwise

30 direction. It can be advantageous to orient the retarder at approximately +/- 45° as

described, since circularly polarized light results when linearly polarized light passes

through a quarter-wave retarder so aligned to the polarization state. Other orientations of
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30direction. It can be advantageous to orient the retarder at approxi mately
+/- 45 as described, since circularly polarized light results when linearly
pol ari zedwbi2gtwospegdses t hrough a quarter-wave retarder ®OTAIS2@UEMB7TD t he
pol ari zation state. Qther orientations of W) 2010/ 059453PCT/ US2009/ 063779
quarter-wave retarders can result in s-polarized |light not being fully
transforned to p-polarized light, and p-polarized |ight not being fully

t r ansf or rd@rteloWavySasdqry ean repyhin %W@éfllg@blﬂqté’ﬁmﬁrféﬁy traesfornadde ;

o thi s QoLBiEHHACthEpphAkIRFER ol Bing Rl Blns RAREIN S p BB eid AR SO e ©
3A, a | i ghfleconiiiane the3idrors) edsuliing iPBSut&DeffiaichogoRRP op@éh dicaeased bet ween

t he di agopal .faces of pris 110.and 120. Prism 110 includes first and
second pr‘%ﬁﬂﬁ3€g§wg§@}nﬂﬂggﬁﬁvpﬁﬁLa 90 angl e between them Prism 120

inclydes thir Ci?l@ir.‘gAfiQ:a“ié A i%io?rﬁ‘tlifgg%‘on}bﬁg?r. 3 @102YA NGIidhe OmBAG} Sodet ween

them PRP 190 can inclu a Ca lan reflective polé Izer aligned to the
first 10potladésZRBS 000 stvaigePRB39(Q dispoded Hetweenthqpdngrematifaced alrprismstlie apage) .

PRP 190 c inst ead .i ncl u a non-Cartesi an lL.arjzer. PRR 190 further
ol udes 30T Y et bd hutel R AR R g 400 BRI pos ed
adj acent thém! PEshaRLESIINS tHR] A{d BRFth pAGh f2R0M0) 160 Ravidd$90BApRD, the
color-selective dichroic mrror is disposed to reflect actinic |light before

it interdepreentthemy dIRREY0 ¢eo ipdhdg @ Certesiansredegvicipotadizar alignedfethedics to FI G
3B. ;Light_15conbi ner . further inclyde n,optiqn el engt h .sel ective
absbfber Pabtge ek % mao s kPR B R he! R T I Aec g
conponentifcl@fie PRBh-TAesian polarizpt iPRPa] IWamBEERUbesSElRet dckRtiabgiehfes 70 can
be di sposed adj acent to _any of the prismfaces where actinic |light is not
requi r ed RiErop4ement0 ip Fiepl 4) disppsed mGacepntozthe refloctiye prlpdzer (2etshamw, second
prismfa , 2RI filr 4 D : is 20to
be undergﬁgﬁés'%gﬁgeg%gx%I&%k?ﬁggg%ﬁﬁgggﬁﬂ%égg%é%%?%)sggggﬁﬁggll gorber 70
can be dilzposadn@rnyepsaherdloctitvepodpizeak dpatibedivithrefemnté i BIA. 38htLight

transmtted by the color-selective dichrgic mrror 20. ln ogne enbodi nent,
t hel bl ue SRERP eéﬁ_8§ ﬁur_&@rg@ﬁ%a%a%q% pag ?P%%S%?%@&B%@W@S@wega or
select | Veurdhb ihphgudlt Lo ihAGaltd ulbEu &k RebhY BT PRPAGDZET 30 O PR 190,

25Li ght conbi ner 300 includes quarter-wave retarders 220 di sposed facing
the first, sedoptbnahdavdiéngth pri¢csive hboelser 79@an bd dispased adfmoent Quanyt eff thnav e

oLer dor S 200,21, BSOS Bl 45, ST e B BB AL ke

quart er - iaug faed 8¢ 8Ecoad PridmctaddRI0 of BSRERtIaKe s®iohd Prifadess 130e140pti gal |y

transm ssive material 340 can be any material that has an index of

r ef 2&ct i dabe understood, however, that the optional wavelength selective absorber 70 can be
disposed anywhere in the optical path of the actinic light transmitted by the color-selective
dichroic mirror 20. In one embodiment, the blue wavelength selective absorber can be
placed between the color selective dichroic mirror 20 and the reflective polarizer 30 of
PRP 190.

25 Light combiner 300 includes quarter-wave retarders 220 disposed facing the first,

second and third prism faces 130, 140, and 150. Quarter-wave retarders 220 are aligned at
a 45° angle to the first polarization state 195. An optically transmissive material 340 is
disposed between each quarter-wave retarder 220 and their respective prism faces. The
optically transmissive material 340 can be any material that has an index of refraction

30 equal to or lower than the index of refraction of prisms 110, 120. In one embodiment, the

optically transmissive material 340 is air. In another embodiment, the optically
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30equal to or lower than the index of refraction of prisnms 110, 120. In one
enbodi nent, the optically transm ssive material 340 is air. |In another
enbodi nerw9 20tvsesBi cal |y WO 2010/ 059453PCT/ US2009/ 063 PCI/USe@adni’3si ve
material 340 is an optical adhesive which bonds quarter-wave retarders 220
to their respective prismfaces. Light conbiner 300 includes a first,
second and third reflector 310, 320, 330 disposed facing quarter-wave

r et ar der STPOWIsEC SHGGHR] 3@%@&@%@@@@%@@?é)osqsmuag?owag%@t%é%m 2@

separate | AC arter-wave retarder 220 as shown in FIG 3A
th ‘ﬁ?ﬁ? %F}?etcﬁgé @gﬁ Facl

Furt her, eac ectors 310, 320, 330 can be in direct contact with
t he adj acent duighttc@ibiwer 800 éichudiern f@@ADscchhd ardhirtd vefloctor8ao320f 33the

reflectors 310, 320, 330 can be adhered to the adjacent_ quarter-wav
retarder DMOSH BANGAURHRIT AT Sy : .anﬁ?ewapﬁﬁglh?fa e res ot 3@@_ 32*_0
curabl e adPes 'sé’&raté[?lg)ﬁfﬂﬂ% la ﬁigkexﬁ‘%%géé%av%qgtgﬁi&?z@% &o%‘%ﬁ%?%‘%&.ens' tive

10adhesi ve. onbi ner can a two color conbiner. In this

enbodi merfturtheefeherefohe B:1Bcloss 3 0f B2 1330 shiwbe sedisct cangaadmathrtbe edjhcdnt er, and

one of the reflectors, 3 0 i secpond col or-selectj.ve dichroic filter,
el ot ed TG EFNAGHAAS PP ATER A oREnAT LBIBRCITgRLD: TS aLTAE y, and
reflect oldhged &@thRragja@éntlqueidr-wahactalich d20 Qfithe@tdplicaldRese MMHe-opBYalM T OF
is 15 meant a specular reflector selected to reflect substantially all

col ors ofadhgsggie caniger quiratde adhediveedbadpiewl adhesivglean glam bpapecspirpispamiiover | ap
in iQe s%ﬁﬁtqal range, however there can be substantial overlap if desired.
I n ohe erdodl Mént shown in FIG 3A | i ght conmbiner 300 is a three col or

conmbi ner. | n tihgkt @b 380tan beh hes t6166codfiner3 2 thiSS@badithehi, F&flectosecond
and a third color- 20selective dichroic filter selected to transmt the
first, setd@riva fissgolarselpetycchshspicrtilighand eapettheyefisptoraAdl.Rep it tecather
col or S Ofcoidrgyafecti I @diglﬂ%ica% e?,csteiectelae[ ftr'aﬁsctfli’t aﬁﬁ%ﬂ&i a0 nﬁt}bfog l'gﬂtlbor I ght
have n1n|nun1overTap in the spec ral range, Rowevéer ere caf be

subst ant iraspcotretly,and ré¢flecdethr @dors Af tighth Athe afirdisiflegtol isghmiraeniBiyneinro3@) of

thi s_enbodi nent in¢cludes directing first color light 350 toward first
col bt - selBeanf ?/épw@ﬁr%ﬁewﬁwl?@?d &@ﬁeﬁiw iRy allsg é%%ﬁbg%of%? 518? 360

tovard segonf G/rHond @e{n%]ifb Ylﬁni(i&lhﬁlfi' bPirfapfih Itﬁeesrgeg’t?ag zralnfge,r R&ldvagtRrd binfd col or

light 370 toward third color-selective dichroic filter 330, and receiving

conbi ned subgtiaB80erfapafni¢siredf ourt h face of PBS 100. The path of each of the
first, second and third col gr |1ighh35R ;38 %min: Hisdhidepiggeser i bed
combiner. In this embodiment, reflectors 310, 320, 330 are first, second and a third color-
20 selective dichroic filter selected to transmit the first, second, and a third color light
respectively, and reflect other colors of light. In one aspect, the first, second and third
color light have minimum overlap in the spectral range, however there can be substantial
overlap, if desired. A method of using light combiner 300 of this embodiment includes
directing a first color light 350 toward first color-selective dichroic filter 310, directing a
25 second color light 360 toward second color-selective dichroic filter 320, directing a third
color light 370 toward third color-selective dichroic filter 330, and receiving combined
light 380 from the fourth face of PBS 100. The path of each of the first, second and third
color light 350, 360, 370 are further described with reference to FIGS. 3B-3D.
In one embodiment, each of the first, second and third color light 350, 360, 370 can
30 be unpolarized light and the combined light 380 is unpolarized. In a further embodiment,
cach of the first, second and third color lights 350, 360, 370 can be blue, green and red
unpolarized light, respectively, and the combined light 380 can be unpolarized white light.

-16-



I n one enbodi nent, each of the first, second and third color |ight 350,
360, 370 can 30be unpol arized light and the conbined light 380 is

unpol ari 2&0.2010m55Bur t her enbodi ment, each of the first PCTasernd/0e37do t hird
color lights 350, 360, 370 can be blue, green and red unpolarized |ight,
respectively, and the conmbined |ight 380 can be unpolarized white |ight.
WO 2010/ 059453PCT/ US2009/ 063779 Each of the first, second, and third col or
lights 35Eﬁchyé@he f¥ig seeand.corphirdeolpy lights $3GA08 170gkn cemprisd light diostie ( LED)

source. 9&?&%%%&3) %%ffo%r&aQ/aP&és&E@g tséﬁf?%kg%? ble {3& Sirch a? aﬁérs di, & (iies

organi c L non so sources such as u

hi gh pr eskodes, ¢righiRy LEDS @JeHD'®), axenansdlidrgage Whthsoagps ayhi aatuﬁraclﬁgh ect or s or
reflectors. An 5LE | i ght source can h&ye advantages overggﬁher

sour ces, NFEPEALRY)dpismpr sEnQplamas Ma, aPPEmgiaic oBEsiRRe o Fefligitrhed g

effigi entLﬁD gi%flt é&ﬁﬂ;%rc%ﬁ'h 1S %gn&%&r&%?&hém (K Ghre QUTR d1n#30991'ﬂ lhenot  shown

in FIGS. 3A-3 col or |ner 0 can include optiona ht t nnels 40,
descri be@pet&emﬂenghfe‘ﬁmmmbgsmow, tibiclenQigl8Ben¢rhgoroptd 1ng3|rowdtspeqﬁalfi rst

oot me o ALhETEET b g b D T35S colrnibites S ot freldF ebBfsb i mont |

first coligt tungbik 485 stBbRtIRGHeR. ¢ 11 ght that can be damaging to an
unpr ot ect ed refl ective polarizer. A major portion 351 of first color |ight

350 is refl ectadnihg aewPRP1IGO8B, the aptst pgbof ﬁm’q cgiep light 3rS|0rtls.110uglmh@lnt light 350

passes through RRP.1 n S,.abs Qptd ona ective
e a her a0 kD) iy diaaS bR g in SR SR or RIER ST R lpSiHfet

col or - sellgakik ¢bddietdngifEsticoldr ¢ichBI), is gHlathifE HigmvBaticah dE demaddfto and enters
PBS 100 through third prismface 150. First color light 350 intercepts PRP

190 and iWPEQFGted ieﬂﬁﬁl‘ﬁaﬁ]%ﬁmﬁb rdingaorImItiqhd Thofras| ederdight 43 mreflact! and
0% BRSPS TGS, 40 i R 00 1
PRP 190, abxdrbsd BBEptidial wavaeghh félesivepbisbrrfiace 130, and i s absorbed by
optjgnal vevelengLl gL B0RE R e AR 2afh S0
descri beqlufaﬁér-x@vg&‘e RIPedB r&nd@ﬁ?e"r@PB@‘l@G ehr6 QL PHhird ip9idh féé@liOs PRRQLRYT zed.
In this embodi ment, unpolarized 1 ght conmprising s-polarized second col or
25l i ght 3@t &ﬁblmp@rp@itaPRE 880 set ondlitiotcomajor gontio863 ] wangh reABSs ot RRIP ough
Fourth pr 9%)néln]ziaﬁ(1:1nor po?’flon 352 which transmits through PRP 190. Major portion 351 exits
PBS 100 through fourth prism face 160.
20 Minor portion 352 passes through PRP 190, exits PBS 100 through first prism face
130, and is absorbed by optional wavelength selective absorber 70.
Turning now to FIG. 3C, the optical path of second color light 360 through light
combiner 300 is described for the embodiment where second color light 360 is
unpolarized. In this embodiment, unpolarized light comprising s-polarized second color
25 light 365 and p-polarized second color light 362, exit PBS 100 through fourth prism face
160.
Second color light 360 is directed through second color-selective dichroic filter
320, quarter-wave retarder 220, and enters PBS 100 through second prism face 140.
Second color light 360 intercepts PRP 190 and is split into p-polarized second color light
30 362 and s-polarized second color light 361. P-polarized second color light 362 passes

through PRP 190 and exits PBS 100 through fourth prism face 160.
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Second color light 360 is directed through second col or-sel ective dichroic
filter 320, quarter-wave retarder 220, and enters PBS 100 through second
prism f ac®od®/ossssond col or |ight 360 intercepts PRP 190Tarsdooosexpdit into
p- pol ari zed second col or |ight 30362 and s-pol ari zed second col or |ight

361. P-polarized second color light 362 passes through PRP 190 and exits
PBS 100 through fourth prismface 160, WD 2010/ 059453PCT/ US2Q09/ 063779
S-pol ari zed s &Bﬂéﬁ&ﬂ sseond epiar 1pb 36 kisrefl goied fsem PREW PBrexitsgbe figst prismt he

first pri I i I th
selectivéﬁg%g%f é&ﬁgﬁgi8%§§%ﬁ§%6%§@®§§%?%%ﬁ%gg?§ %%*gﬂﬁggﬁ@yﬁ%%FQSQO as it
passes t huhaugh teviactlaty pelvdzoaddight 8 as?iPPassés thawlgh juyrtgolarirzacick 2ht 390
reflects fromthird cqlor-selective dichroic filter 330, 5changing the
directi orélmulaélymﬁ%eaﬁgs[ﬂafﬁiozrgﬁﬁ% ?fOBaf@gregOkOﬁ-@aaﬁwe dig e ot ar der
220, 5 passindile AalirceRi ONHou IR YG1EDAIR, FRLEGhIIEN BRAREARL o FBurRRdoENt T o
PBS 100 through first prlsn1Pac 130 as p-pol ari Zed second color [1ght 363.

Li ght r aypa36sS tipasgesptionelougieldPRRh $@tivesbiosbdPBS, d@Gntdns BBH 00 birpdghpri sm
face 150,.and. chan to circul arl ol.ari i ght 39 S it passes

e ough dUSCTiSR (0430 by bepalaftesbisced SRIgH L ool Sacb o maes Ba5te

10r ef | ectpri 190Nckitd BBS 400 AHroS@l BEH PYiISmAL&NT I, &nd EahBEs 3R culeNRpElafged he
direction of circular polarization, passes through quarter-wave retarder

220, and light 89GaPBsastOOthrdwgb yyhrterkivag rptardomE@ceiredaringolgripest laght 28¢ second
col light 365. S polarized.second.cel or, Light 365 reflects.f.rom PRP 190
and b ¢ Sop o TR SRR R RPNl Hlben e FlsBRbS vh M a0

the opti gﬁ)'lar&aﬁdih,@Ess%biﬂr&gkﬁtﬁfteﬂ-bv@% retaf@ert220 Oat@henkdrg PBS 190 elaohéingird300 i s
descri bed for the enbodi nent where third color light 370 is unpolarized. In
this enbddisteiaee 1 hpot-pelpsed seeaystcolsdisht 365 S-golsBrat seeend ¢dhorrlighe 86dr 1 ght
374, and 1385 {4 | 4 i t hrough fourth
prisn1faé§ﬂ%%%&5ﬁl iﬂ%%?ﬁggﬁ??ﬁ‘V@SﬁPﬁéggnﬁg”ﬁﬁFggg%é ‘hrough third

col or - sel ect i VRurgling mooi to FIG| 318y th3 3Pticat) pathtod thivdscdor 18tha B A thraidh, lighpt | ona

wavel engt h sel ectjve absorber 70, and enters PBS 100 .20t hrough first prism
fac _130.CO*F%WGH%%FSO‘FGSW?@‘?@%% em@@%w@wﬁ@@e@_&)ahaﬁi3§0§%ﬂn_mola}rﬁ€@- p-

pol ari zedy ik EAbEARAt, hu PJJI ﬁ%a%l@Qoﬁpﬁghgg.?éﬁﬁzmhw csmrqghﬂ 3ANhaBgL.
P-pol arized third color Tight 3 passes through PRP 190, exits the third
pri sm f ageldbod tharndcoddrdrghe 373, exus PBAI1AP ithropgH fuith edisini fgdet 1890 as it passes

t hrough quartef-wave r.e r 220. Circylarly polarized,.l.ight. 39 efl ects
rom firet col HCdEd S e Hrpva g bofPeRarbiiye e s difect fon
of circul c%lrart&%v@&d %t i & anﬁg)‘ii%ﬁ@ WaVeRAG QUREEEbWRE 70 8indledREs B39 1o@nd
enters PBS 100 through thir £r|5n1face 150 as s-polarized third col or

| i gBQ 374hrogghdrdprismdageni30d Eordeolpy light 330 mtersepte ERE 10p ond PRIPL 010 And
exits PB%O%HQPZG& ﬂ{lf)d‘ &)rl]orfli)g% 5% QI{({ Ss-g&lgre}%e% tﬁl@g color light 371. P-polarized third
color light 372 passes through PRP 190, exits the third prism face 150, and changes to
circularly polarized light 390 as it passes through quarter-wave retarder 220. Circularly
polarized light 390 reflects from first color-selective dichroic filter 310, changing the
25 direction of circular polarization, passes through quarter-wave retarder 220, and enters
PBS 100 through third prism face 150 as s-polarized third color light 374. S-polarized
third color light 374 reflects from PRP 190 and exits PBS 100 through fourth prism face
160.
S-polarized third color light 371, reflects from PRP 190, exits PBS 100 through the
30 second prism face 140 and changes to circularly polarized light 390 as it passes through
quarter-wave retarder 220. Circularly polarized light 390 reflects from second color-

selective dichroic filter 320, changing the direction of circular polarization, passes through
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S-polarized third color light 371, reflects from PRP 190, exits PBS 100

t hrough the 30second prismface 140 and changes to circularly polarized
i ght 390we=oiwospesses t hrough quarter-wave retarder 220CTASe@yloed77y

pol ari zed light 390 reflects from second col or-selective dichroic filter
320, changing the direction of circular polarization, passes through WO
2010/ 059453PCT/ US2009/ 063779 quarter-wave retarder 220 and enters PBS 100
t hr ough sBEBAIVEY] SHrde a0 and cntsrsd Byol ¢} thyaghispeand peismdacq 14has 1373,

P- pol ari j L Qre: b ) - : R PRP BS 100
t hr ough fng)urrtéﬁli E@?‘fs;“%ﬁl ahcééllt ?g%lgéﬁar&?gﬁ‘gv\crtg ibg?%g{g@i’ #s%?thﬁdh%%l i shltsa9 PBS
400. Accandicfggs PBSdoe tlenbgidfonethtprismtfhe fdor st, second, third and fourth

prismfaces 13Q, 140, 150, 160 qf pris 10 and 120 are polished external
surfaces. Accdilbi AGhEWs AKBrASY OB BB RES A0 ARcoidig e HIOFEEs of 't he

PBS 400 (4 ' end. 4 ; r i i de
PR 31 oup b g6y g tRNg) Ry fuPel) MR FaGRD Ui 00 0

are in cquiisiodd axitdrhalaurfedesr iAabordang tngnethei enatendiméntr df obt enterdahfidted dfat i s

| ess than,t i x of. . refraction "n2" of 1 i 110 and. 1 IR

mor oves h DftS 10 i Binecin i spaio: sheu esPobes Bapt RUREHG RGN the 11 gh
di rect ed JulgRe REhtiraNewitBPBAOD0. STHRYoliSIRI! dx PaRh £ dudh @B dredin CBREBLitRXT S, 1. €.
the incomng light 1s either convergent or divergent. At |east sone |ight

i s trappedatemalperingliedndRBIT4gftrchiyn { of dhatiintesy than theghdlexcafiromactiont nl,” df
| eaves through third (5>ri smface 150. In sone cases, substantially all of

t hel§ i ghtrriseisgld§gpe d29-nl IBdmpsiss lipkigitdationininotighed R A0k pantplerly dicnons
until it - : ' i &0 ; - i | i ght
"oys Lo ahfURRIBIAHAD pbltcl 1RIS &0 oot cAo Bt oRlhe. the 07
L1 wi t hi nngohing hight iIPBEhet@Onperg@Ea @atierevdehhiAn laast songeelightt isatngiped iD@blshed t hat

(e T SR 803 et R AL 80Re 050, SR i cces
pat hs of digh{ud@hisIBLaNoMAt lighad trBBRd4ARPolidRaPESY@ 5a6tal RIRENA90 at

different angles of i'ncidence before exiting through third prismface 150.
Li ght r aysfleéctighs amtd it lapresdhooghhdidd risdefago 1 50.R at prism faces 160 and 140,

01" ana 02 can Ao R Rdnd i M b ool BRFRRR IR0 Whir AFEBRLCL “A0 the
end f acesangles 0,. Lightrays L, within polished PBS 400 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
20 through polished PBS 400, that intersect PRP 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 ranges of

angles 6, and 6, can be a cone of angles so that reflections can also occur at the end faces

of polished PBS 400. In one embodiment, PRP 190 is selected to efficiently split light of

25 different polarizations over a wide range of angles of incidence. A polymeric multilayer
optical film is particularly well suited for splitting light over a wide range of angles of
incidence. Other reflective polarizers including MacNeille polarizers and wire-grid
polarizers can be used, but are less efficient at splitting the polarized light. A MacNeille
polarizer does not efficiently transmit light at angles of incidence that differ substantially

30 from the design angle, which is typically 45 degrees to the polarization selective surface,
or normal to the input face of the PBS. Efficient splitting of polarized light using a

MacNeille polarizer can be limited to incidence angles below about 6 or 7 degrees from
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of polished PBS 400. In one enbodinent, PRP 190 is selected to efficiently
split light of 25different polarizations over a w de range of angles of

i nci dencewoAoalsy4seric nultilayer optical filmis parti eararskeoomei779 suit ed
for splitting light over a wide range of angles of incidence. O her
reflective polarizers including MacNeille polarizers and wire-grid

pol ari zers can be used, but are |less efficient at splitting the polarized
li ght. A thaeesial|sincssisificaat refleetionpittheppplarigptiqnstate saseqour i sghte lageangl es
of incid t hat.: di tial 30f - [ ich is
ypi cal | yEs g iiel e Rl Tl Bn D RN AT 15

t he i nputangkseBofth d¢ffeetsRBB redrict itlad sphttingpifii¢icnaypfafMpalid@le galdrikdrg Bfficisntng a
MacNei | | e pol arizer cap.be limted tqQ. inci.dence Pgl es. bel ow about 6 or 7
degr ees P B2 ABPO BB D SSPET BB PO 7SRRI DH RS 049 agiaﬁ?ﬁ“fi cant

reflecti QpeQfdetdtendn R, ahd gﬁfciea SEAL S/ HeAR VARSHd 1aﬁ£>é|ms I@3hassqd Aangl es, and

significant transm ssion of s-polarization statfe can al so occur at sone
| ar ger arggles inddsiedafrhedd sicagnd mdarcer nsed fepéplittingyeplaifed digbhisyhawn,a

MacNei | | e. pol ari zer fficient FERY olarized light using a
Wire-gri cfogffiag}ﬂl%é? PF&&“@EP%VW@@U#Q@Q@% rIo gap adj acegt 5 onegsi de of
the wires, andief biich RPGHewW kARMaNE @EprascMatiBn Gfﬁﬁgﬂ%'pﬁftér_zﬁfo_dc%ﬂd{ﬂg%sed ina

hi gher index nedium A wire-grid polarizer used for splitti ng EOl ari zed
| i ght is aslg@wpect plothe éxanpde, Light dttepdM) useatlicoamaCompodtooba light FI G

5 i i h ' i. f ligh l. i , di
Lo Dhe ashubtibpREREITIICE, oREHE RN R irelrsdt sobfiibe Bl SRS Crponent

as the | idikttcd@e0araifo@th pidiuck N 66 &3.spBAnRD fiBUtsedondcht eiied tcbeik &V BgIRE,
i.e. conbined Iight 580 is directed toward fourth prismface 160, and split
into a fi¥8300%a/0heviagHrstHiceendraddhivéeolpr. gerpedsoly. I8F ICsTdighawIHr fi r st

second a Nl i . i: i .
el udes PRABEsERS o0 BRRRAOGH 65 Yisndd Belfceitihe it Rk 0 Frisn 110,
prisns 11@0. P28m IROiisctudsk@irstrunkd sdemdfprisat faeesd 39e tainithvixrg 90 amglsbetdén 140
having a 90 angl e tween 15t he Prjism 120 i ud third and fourth prism
faced 156,36%8%%13%3@1%@ ﬂaﬁg?@ f@@ﬂh@@ﬁm ﬁ@ﬁﬁ%d@i@@m@éﬁ’ﬂgé‘n@emy tesian
reflecti venp@haniker PRP190@6h bOa t*aﬁeg‘ial{l%heaalegioua%?za Al al fckdq (in this
view, perpendicular to the page), or a non-Cartesian polarizer, but a

Car t esi arpol@izheat stete 196 |(mrthseiew,pepreaflientae th thPRPZDOG & nomt-Gatesianc| udes a
color-selective.dichroic mrerror (elenment 20.in, E i sposed adj acent
Lo the r dPTasEpal Sbpgrn BBR SRl EHE M pretriCE e 190 hyrls? BERERs €61 et ve
di chroi ¢ d@ldriselective dtBBRSARrdr cleMEAEM indIGT DAFdisp3ol aBi8Ed & iht réficateept s

the reflective polarizer, as described with reference to FIG 3B. Light
comi ner bwizeumohgiowmc [uHKSS. dnthspoiamalecinen/drintt mirgsiedisposed bsdeder 70,

di'sposed 0. ARRQY B @Y, ARLLANCul ANkt DRl RS QUANGFER, 30050 i I G

Li
. T d
5, first prismsace prismfac 0, I'rst "and second

prismfachs 0ight cokdfinerGo0atahdrincledeshe oppbnd Rakecloape selogive abedrdet 10y e
absorber 70 can be di sposed anywhere in the optical path of the actinic

i ght tr H$Iesed eabpyrbeRE a%ta}i@}iélstéh@da@ﬁsﬁé thrpeghy R 189:rip §FG. 3. firgpwism
embodi meng,.. {942 sRHE WY BARNA0No SIS Bildt Ufd ERFRY Pim 2625 RS0, AlBC e bghyeen

the col or-
25 the optional wavelength selective absorber 70 can be disposed anywhere in the optical

path of the actinic light transmitted by the color-selective dichroic mirror. In one
embodiment, the blue wavelength selective absorber can be placed between the color-
selective dichroic mirror and the reflective polarizer. In another embodiment, blue
wavelength absorber 70 can be placed adjacent second prism face 140.

30 Light splitter 500 also includes quarter-wave retarders 220 disposed facing the
first, second and third prism faces 130, 140, and 150. The quarter-wave retarders 220 are

aligned at a 45° angle to the first polarization state 195, as described elsewhere. An
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selective dichroic mrror and the reflective polarizer. In another

enbodi nent, bl ue wavel ength absorber 70 can be pl aced adjacent second prism
face 140.wBQhiogisp4s3pl itter 500 al so includes quart er - waPeTSR@VHe3739 220

di sposed facing the first, second and third prismfaces 130, 140, and 150.
The quarter-wave retarders 220 are aligned at a 45 angle to the first

pol ari zation state 195, as described el sewhere.

2010/ 059458PETy USPOVOICERT Tl 3Pt dispaped baitsan §%qh\paf ﬂm(ﬂl@ﬁe&mswt@réers

di sposed .\ t thej

respecti v%%p\rp@?%@%g CBLE&)}& cg#fgg %gn@ﬁgaé%gglgg r| ga?%(gga c%n né’e any

mat er i al rhftatialhiks haman index of)feﬁraefﬁcﬁabWeﬁmahmtwtﬁimdémaﬁ‘refrbﬁldnrtﬂ@msmfs refraction
of prl sm; :bl(r% 120. In one aspect, opti.cal lé Il;gm ??ﬁl ve material 340 can
be air. Q é%ﬁ%ec%Spe‘Eth%P@a Fré%ﬁ]nP?Sl‘(er%‘ﬁ ia ©8r IRPNgAPCetaiChe an
opti gal @aiw@amlmet}ﬁagﬁalcmrcaﬁBe URYE AR Syrcdhdilds bl fRPect T ve

prism faces ht splitter 500|n l udes first, second and third
refIectorretaﬂc&rsMDptﬁﬁﬂredpecpmspﬂsrﬁdmemg guarter - vvave retarders 220 as

Shon, I one CaRCe et SPISSA oS o She o0 SRR OF HEbhe

refl ect orfgcidd QuardtQvav3 3etafidfy 129 dsBhélh i ehf orfeRp&E treMbdibrs B, ﬁ@l 3TEEn be
quarter-wave retarder 220. In one aspect, reflectors 310, 320, 330 can be

adher ed tseparhied dpmaihe at)agerquartervimans refatder 320 aosho v lanI@n3fespﬂn @@a adheS| ve.

In eenbodlrre p ter, 50 litter. 1n

enbt mert e aestgs Trpor L nedf dusft Prl P e fRem b ML and
one of thetafc&ff Qg@.t B ¢he3dPect, 38ﬂedt@rsa1053&©9mcﬁqiethsreh@@ﬂie\aa adbrﬁhrOI c
filter, selected to transmt first and second color Iight, respecti veI y,

and ref | gRrteaYe ks S 28 wifh articapdbeiye:-d reflector is a nmirror.
mrror is meaq%] oﬁf; SRBEHH RN g%H ﬁa‘f%t@f?(ﬁﬁs%%ggofo? f(;)l?cgércgf %1?&%%%% A ' y al |

colors of Ii n one asp I rst and secC aVe
m ni mum cmﬂedt@rm lioris t iest splectselattiveatigaoicHiwe\wat ohbef theaaficclers Sﬂ@%ﬁmﬁ aal

overlap, if desi red 20l n one enmbodi nent, |ight litter 500 is a three
col b spIseequreolqriseleriive drbrgs ﬁé%t sclqefad) ta Giapymait § 15 ang 5eson@ 8oL [ights | ¢ gt

second angd éJeBﬂwéI’y Gak (Péﬂe%%t%t éo\{@fs dF GBRO TR hikd Rifcsl %Catrﬁgrc}r AR
first, second, and third color I'ightS, respectively, and refleéect other

colors ofmd:anghspechhlr orfechs pectted fa nefiegt ssestonicllgal colory ef loghit.on drieglspect.have
i um querl 904 Bohe SReELuAl. L Bge, hoveder, here. cpn.be RukstARt”
can be substantial overlap, if desired.

20 In one embodiment, light splitter 500 is a three color splitter. In this embodiment,
reflectors 310, 320, 330 are first, second and third color-selective dichroic filter selected to
transmit first, second, and third color lights, respectively, and reflect other colors of light.

In one aspect, first, second and third color lights have minimum overlap in the spectral
range, however there can be substantial overlap, if desired. A method of using light

25 splitter 500 of this embodiment includes the steps of directing combined light 580 toward
fourth prism face 160 of PBS 100, receiving first color light 550 from color-selective
dichroic filter 310, receiving second color light 560 from second color-selective dichroic
filter 320, and receiving third color light 570 from third color-selective dichroic filter 330.
The optical path of each of the combined, first, second and third received lights 580, 550,

30 560, 570 follow the description in FIGS. 3B-3D, however, the direction of all of the light

rays is reversed.
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25splitter 500 of this enbodi nent includes the steps of directing conbi ned
light 580 toward fourth prismface 160 of PBS 100, receiving first color

| i ght 550WwOrormvisedser - sel ective dichroic filter 310, rececwiusgowaecng col or
| ight 560 from second col or-selective dichroic filter 320, and receiving
third color light 570 fromthird col or-selective dichroic filter 330. The
optical path of each of the conbined, first, second and third received

Iihgh'éI s 580, 530.°ngembedinEny le’_@llbi%lﬁgh@%@rhepﬂlp@hﬁizw Irghsgndzaclses thpowever
t20?0/ 6%83&5@%??&%%‘!}5‘?‘{9&9%@%%0{ T2 82@%%@5%%%@& hiTed 1ight 580

can be unpdiodimaedcdnlgintd lightd8@aahboiinpoleriztd méite lighc andleahdf thu fidt, col or

i ghts 550, 560, 57 re.unpol arized lights. In one enbodi nent, conbi ned

i ght 580°cK 3d t@ﬁgaﬁafr B HhsE e 10gHs ,Qlus,rﬁie%@w o8 up arﬁqgétg}l_tss econd and
thirg CO'@%)GHiQJHSA@@ding ®Qon, Jsge@t,r Sril& 1igHt 880 c8fdris&dicHPR ehrl%?d

| i ghts, b5respectively. According to one aspect, conbinedlight 5

conpr i sesenhittgigtdiédediinED)Isbgret. Eamdus ilight shiuoste cfr ED)sedsuctces, laddas, lavas | i ght

b d_such , laser di , ic LED s (OLED s),
o e B T TSR e non T Bt B ek OShds oG Retey )
hal 0gen QireXGRQUHIBIRSoWn'd! xBRAT RRIDS i FBtdRGIRCAcAr R FREIRS SanAn LED

| i ght source can have advantages over other |ight sources, including
econony dfED bghlevoardewan hiaraglveitheesi aver otheblight sewses, afctuditgeeronping lof

i q i q I : [ f
R e T N e

first colgpdti ght source 650 and a second color |ight source 660 are

di sposed to in'ect_lng; into the sanme prismface (i.e., third prismface

150) of PBS 10%cconding bxengiaspedt of Brdlissiaspis R0 A6BePPBed the Fiannckqolait col or

i ght so . e - ari i ond

col or Iigoﬁﬁggggggggggﬂkgﬁtggggﬁ Gﬁpo %5#@%1 %%%B??§ﬂ§9§%ﬁ§§%%§g@§ bl ue

| i ght 65difpoeed folinject lighhints diersame Gbidmatack @.cr, edrd prignt 66150y afRBSENA. i ght

source 660 cap be conbined to reduce the nunber of conpo ts of color

comb ner AEOTAHE %}_e&énbgﬁan?rg&ewéﬁg Eelsmﬁr%sabﬁﬁghtﬁeu_ felctulother usi ng,

for 20 e%ﬁ@@hﬁzmﬁ&ubﬂgﬁQ%ﬁRkQﬁo%R@s&BH&cé@PH@hso&%@%B@bﬁgbé81&2%k§§@@0t’ an

optional I1ght tunnel 40 or assenblies of |enses (not shown) can be

provi ded rkdtighttseutse ¥6). Acluahghta5d fimemn bluk dight Sonred® 0650 a ré6Bght@H0 ,frano

provi de s ing that separates the |light sources from PBS 100, as well as

brovi de. 1160 TEBHBVESIOOD GBE PEFOBRINFY tgHeducsdheRuEpen SOIPIRIHEN SO channel

col or - comphiaicrG00. TRSbHEERA Ali@RId 1. 601 nfagbkekiy BeEENERIG i | ter 25610,
[

ared light reflective dichroic er 620, and a broadband mrror 630. Two
chadhel example, an integrating rod (not shown). According to one aspect, an optional light tunnel

40 or assemblies of lenses (not shown) can be provided for the blue, red and a green light
source 650, 660, 670, to provide spacing that separates the light sources from PBS 100, as
well as provide for some collimation of light, as described elsewhere.
Two channel color combiner 600 includes a green light reflective dichroic filter
25 610, a red light reflective dichroic filter 620, and a broadband mirror 630. Two channel
color combiner 600 further includes an optional blue light selective absorber (not shown),
as described elsewhere. In one embodiment, blue light selective absorber can be included
in a broadband mirror 630, so that any blue light incident on broadband mirror 630 is
absorbed, rather than reflected (as shown in FIG. 6A, and further described below). In
30 another embodiment, blue light selective absorber can be positioned anywhere in the blue
light optical path that is transmitted through blue light reflective dichroic mirror 20, as

described elsewhere.
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col or conbiner 600 further includes an optional blue Iight selective
absorber (not shown), as described el sewhere. In one enbodi nent, blue |ight
sel ecti vewalworisessscan be i ncluded in a broadband m rr oPCE#AB200637HAt any
bl ue I'ight incident on broadband mrror 630 is absorbed, rather than
reflected (as shown in FIG 6A, and further described below). In 30another
enbodi nent, blue |ight selective absorber can be positioned anywhere in the

bl ue Ii ght opfﬁ%@mgﬁawﬁoﬁ%§t6$smﬁPH%@%PW$éﬁbﬁWﬂéﬁgﬁ5bﬁﬂ@”ﬂ?@h@ﬁﬁ@WF@ct|ve
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green |ight r@lh@ﬁ%htvaslqﬂr&ﬂbmeqlgm tduede Bbhas@uAbEEN YRI0Ral BiAKERE 420 and

enters PBS 100 10t hrough third prism face 150. Blue |ight 651 i ntercepts
PRP 190 agtekn lsghs pﬂﬂet:tlvmdl@hnoecr ﬁlé@rt6éa qmﬁ@r—wgm tatasderez9 anfl emerﬁePH3$ gm 651 and

trapsmtt orth 3 ht its
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absor ber Majoppetiga 32 Axisy FAdBARas winolasized gpjor portlon Piblygnigh611 £ r om r ed

| i ght ht
Ot SOuley BARRASG LT RNARS OBk 99 0 Bhlgh sy PR
100 thrOu@hughqnﬁm@RMﬁﬁkﬁaﬁErlﬂDan&Bdﬂkm@bdb@ﬁﬁwﬂ@@Ekﬂﬁp&Saﬂﬁﬂmi90 and is

spll i nt.o olariz ed I ray 662 and s-polarized red |light ray 663.
b%arliﬁﬁuﬁgﬁmﬂﬁﬁﬁﬁa? 9m@%' Oreflects from PRP 190 and exits PBS 100

t hr ough fourt méarlagma‘sﬁ%nﬁ%a 113t SURR! R0 éﬁ%gs {@Quélﬂ (gJﬁfonalqygh@ﬁiﬁnel 40
P-pol arized red Iight ray 662 passes thr exits PBS 100 through

first pri g’mtlfl@mdﬂk@tlveadldhmhaﬁﬂ@élﬂoquwlam teyargia_:rl 2Z0iapedntcePBS ¢ ray 664
PR N EET IR EE AR i R E A
circul ar foplrakl ZaL lighd rayPGS8Y sty AUAR rSHREH @4y 868V €S-polarized red light ray 663
20 reflects from PRP 190 and exits PBS 100 through fourth prism face 160 as s-polarized red
light ray 663.

P-polarized red light ray 662 passes through PRP 190, exits PBS 100 through first
prism face 130, and changes to circularly polarized red light ray 664 as it passes through
quarter-wave retarder 220. Circularly polarized red light ray 664 reflects from broadband

25 mirror 630 changing direction of circular polarization, passes through quarter-wave
retarder 220 changing to s-polarized red light ray 665, enters PBS 100 through first prism
face 130, reflects from PRP 190, and exits PBS 100 through second prism face 140. S-
polarized red light ray 665 changes to circularly polarized red light ray 666 as it passes
through quarter-wave retarder 220, reflects from red light reflective dichroic filter 620

30 changing direction of circular polarization, and changes to p-polarized red light ray 667 as

it passes through quarter-wave retarder 220. P-polarized red light ray 667 enters PBS 100
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retarder 220 changing to s-polarized red light ray 665, enters PBS 100
through first prismface 130, reflects fromPRP 190, and exits PBS 100

t hr ough swoand/gspissm face 140. 5-polarized red |ight rapcéaS2aanyes to
circularly polarized red light ray 666 as it passes through quarter-wave
retarder 220, reflects fromred light reflective dichroic filter 620
30changi ng direction of circular polarization, and changes toﬁgspol ari zed

red |i ghtthioagh sgpndpripm fageski®s pashesoughangad threpeBRR 1P@taad gaits 100

5028} ggbﬁggﬁgﬁf%@%g&%%%?@%ﬁ ulrgaj1 Z%E%g#%&prra' sr6n7'f ace 140, passes

unchanged t hr dighinPRBw16 FIGaéB, thx bpticaPBsSh b Qrdch lighngb 1If foetn tghecprlightsduace 160
as p-polarized red light ray 667 . Turning now to FIG 6B, the optical
path of 78éhr0vg1@ﬂghte°?@bm% ﬁpg iedscibegor D5 GPRBAGRIt PRESLEF 6 Eibi ner
600 ¢s d i farni [ wher r Lo ght 1.0 - i zed.
I n tshi S gﬁlgg%?%gdht@%%%g}bgri zegqﬁpgglﬁt col‘r?%?icgliﬁﬁgélggE&)Iogarﬁ]zgggreg#rgggd rI%?ght
ray 672 7@ agdpelodarizzédrogn dight tay gAT exiaPBS D0 eiotigPBBrth@distmhiacitdd. f our t h
prismface 160 : en light. 671 fro reen | ight source,670 passes
Phr ough-opt i o=t figho7) e ert iePaguriegr BoSer CepRieoiobHI GOE PPy or 620,
quart er - vy fod'|ehe FIREt 2RO MRk @R, fiBRelR8vd RELUGD29060BRRIPEIN fce 140.
Geen light 671 intercepts PRP 190 and is split into p- 10pol arized green

| i ght rayh®ngh sgaend ppetndasezled. gireemliglit@hii intergey BRPE99@hd s spdidlinge pen | i ght
ray,672 passes . thro PRP-190,and, exits PBS ,100 h, f.ourth pr.i,smface
0100 oIRGB pGR JRRTIO SR PGB BrebPRa 0y k7Y DB eP BT £ 27
673 refl agy 571 pageRRRULAPRPEXIOL 5 dRBEs RBS 10D Hgugkh foufts thrigi faes facs pl30, and
changes to circularly {)ol arized green light ray 674 as it passes through
15quar t errokiized gecaligh ra?é@?- Circularly polarized green light ray 674
reflects from ng&QHPe%”ﬁeéH it l}aaﬁ(%% i gé)‘é,'eg%ﬁfsﬁ%b fﬁ%ﬁ%h first

pol ari zati on, passes tthrough quarter-wave retarder changing To

p- pol ar i zedngfaee 3, aghthangys ©/GrcukAlyeorRBBgo0 liphtray g4 bl it phssps thsonghace
130, _passes through PRP 190, and exits PBS 10Q thro third prismface
15015 p- p&uaﬁiﬂrz‘éavegrﬁeéﬁifsr@&gh{Clrﬁavﬂx?sfaélﬁaﬁgégn Pefnarr bl sfleGts SOy i zed gr een
light ray,54fafR$ ndQod d30RASSE R HIFEQIARD FRUBTILEHCINME R, §lalled BroddDquaiRf-l ects
fromgreen light reflective dichroic filter 610 changi ng direction of

ci rcul ar polearctardt 2dhchangthgab anmpdaized gseep dight Tagédd S gangam PBSJIN0 thrayglf77 as it

t h - t 0. ,S-) i . I,i ght 677
Pt or s PRESTOT TG bl PERes oy 106 Sad 5y i3S AF Briteliiiste e g
exits PBS 51;0@%8&%@1@&@%@1&1 By 6PN HaAES @R caarls ppalidsd @esh BEiReR, b1kt ray
677. 25l n anot her enbodi ment (not shown) of two channel col or conbi ner 600,

t heZ@ el atif passgsabiougb quaterpraygdetarigr A2Q, reftecedoom greepdigbivefleetae dighrpicsecond
col or-sel i i oj.c. f.i . 6 ti.onal 1] t el 4 third
Cant sounth oXGehrelifecbh bEGRETro PR RAD and U L B 0 g cent
second prlighfdyasrd ad4Qiasan thrdegoqehreemake retarder 220. S-polarized green light ray

677 enters PBS 100 through third prism face 150, reflects from PRP 190, and exits PBS

100 through fourth prism face 160 as s-polarized green light ray 677.

25 In another embodiment (not shown) of two channel color combiner 600, the
relative position of broadband mirror 630 can be switched with second color-selective
dichroic filter 620, optional light tunnel 40, and third light source 670. In this
embodiment, broadband mirror 630 is adjacent second prism face 140; and second color-
selective dichroic filter 620, optional light tunnel 40, and third light source 670 are

30 adjacent first prism face 130. Blue wavelength-selective absorber 70can be place
anywhere in the optical path of blue light that is transmitted through color-selective

dichroic mirror 20, as described elsewhere with reference to FIGS. 3A-3D.
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selective dichroic filter 620, optional light tunnel 40, and third |ight
source 670 are 30adjacent first prismface 130. Blue wavel engt h-sel ective
absor ber wOcan/iset5pl ace anywhere in the optical path of polTas20009b377¢ hat is
transmtted through col or-selective dichroic mrror 20, as described

el sewhere with reference to FIGS. 3A-3D. WD 2010/ 059453PCT/ US2009/ 063779

According to one aspect, FIGS. 7A-7B shows a col or conbi ner 700 where the
PRP 190 of FI G%c05Ab3D aersmeGS IGEAT 8B shoswspieqolare@mbines TPhehersipo RBRt

col or -sel % f \f‘ng df# r3ﬂ dh rﬂIE}rSOBAQGg? gsﬁg%érgt%d Eﬂ?tg Itt?ec%glyp%ngﬁl c%[dr ?fect%oe as

descri be or - se ective IC mrror be a Tree-standi ng
col or-sel cﬁdtrbmemdnoc D0 and theirefl@tivé pogrizeraBOped ddsctiledd, bebow. Coloc-aclctrevedi sposed

on the di agonal of prl m .such as a thlrd and . a fourth rlsn17 0 790 as
shown in ¢ miggoy 80 Gy bg b fige: é@ﬁ&@g colofrge s@tverﬂ@w@wﬁob > g pelicle).g i r st

col of i gt aﬁ]oefd'is%'&&l dul fhe Hla%ghaﬁrof L &91@1711 SRUTS S tHfivPind éfofu%éﬁ@n% "/r?gfar ated

fromthe reflecti pol ari zer “30. FI /A-7B shows a col or 700
wher e a sSEfcndhawoh urFl]GSg AA- %uhni@s?a@ﬁecl,ahmdctmlct hghtgratholi.or, alfirgleblos dighte 770

TR R e e e

surface (Joourth prismface 160) in an output direction. First col or

l'i ght source 750 is disposed to inject a first color light 751 (the actinic
light) to be ddfbiAel siaws acadeconmbins|700 whicrgh sezend ¢alonhighesourde ¢e or | i ght
source 760 third co f.romithir ht sgurce 770,
bt 0 t hodt anrd Py Mo G8s 7Sl B a0, sE a8 rber ow
first colight hd@&t 7m1fdaﬁlr&'5&oﬁaghtts@uﬁe 70090k fifst PBd 1b)buﬁ:roh'glgbﬁ odpUr ce 750,
second col or light source 760 can be an unpol arized red |1 ght source 760,

and t hi r dusfasofoyrthypisng fage d €0)7maneapubdirgdiotinpol ari zed green |ight source
770. A blue 11 g%ﬁﬁﬁﬂh%ﬁ%g&gé9§bihﬂﬁﬁ)%g%r %c&?gmt&ﬂBfﬂ%thP hZQ&l om r ed

| i ght source a green rom green urce 0 can
be conbi rl'%d’ht)tto bk rpmbined twhth alecedd ctoldnyhghft 76bkom wwoori ¢vder 17D sovdccD0damdg t o

one spect n opt.i on t. funnel 40 or senbljes of |.en not shown)
can'be praotil}}r GalP iR R g Qm{ UPTIR 3057 L. PrgHI GRicEng BES 1%)80 770,

to provi depRAkE ﬂﬂoﬁe@ﬂbdﬁﬁﬁé}{t%&%bwﬁelbbvgmst ot H@& sBﬁ&QW?@%ﬂLQ@an as wel |
as provide for sonme collimation of Iight, as described el sewhere. 25Col or
conbi ner uhPOlarined bide gkt syneer75D] ghond cm‘1d>relcgh|t s/calrch Mﬂ@mdoefamllleaﬂZ@i red r ed

| i ght refl tlve r. 730, adba

erbodi e 30 B Pl T CXSiseCp afin 85 4n BN AU Ber™ HEPE OB Lo

li ght optmalA Plak Mighh ﬁrc%ntbh%rl?m tdueek 130 auahliftue loabhtedght &Rkdeve
dichroic mrror 20, as described el sewhere.

20 760, and a green light 771 from green light source 770 can be combined to improve the
durability of color combiner 700. According to one aspect, an optional light tunnel 40 or
assemblies of lenses (not shown) can be provided for the blue, red and a green light source
750, 760, 770, to provide spacing that separates the light sources from PBS 100, as well as
provide for some collimation of light, as described elsewhere.

25 Color combiner 700 includes a green light reflective dichroic filter 720, a red light
reflective dichroic filter 730, and a broadband mirror 740. In one embodiment, a blue
light selective absorber can be included in the blue light optical path that is transmitted
through blue light reflective dichroic mirror 20, as described elsewhere.

Turning now to FIG. 7A, the optical path of blue light 751 from blue light source

30 750 through light combiner 700 is described for the embodiment where blue light 751 is
unpolarized. In this embodiment, blue light 751 is an actinic light that can be damaging to

an unprotected reflective polarizer. A major portion 752 of blue light 751 is reflected
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Turning nowto FIG 7A, the optical path of blue Iight 751 from blue Iight
source 30750 through light conbiner 700 is described for the enbodi nent
wher e bl weol2ogts948831 i s unpol ari zed. I n this enbodi ment pCipluseoviogdmr 751 i s
an actinic light that can be damaging to an unprotected reflective

pol ari zer. A major portion 752 of blue light 751 is reflected WO

2010/ 059453PCT/ US2009/ 063779 from col or-sel ective dichroic mrror 20. A

m nor porftqragolpssclegtivis|dighrpic gritror8Q. AasiwespertppighotbluetighiclddEpsee di chroic

. 5 ) DO 700 . . I ‘ h
opt i onal BioGEh PR SR QE iS00 30 o CRIARG 106 BRERTRESHARY ¢ Mo
bl ue | i ghibsabed be thedptipad b light eelgdtivepbsabal (nbi shbtvny.unnel 40, 5 enters

fourth prism 790 through a seventh prismface 792 gnd intercepts
col or-sel ect | vaugigh Bdiom ﬁﬁ@ﬁlg%bsoum@ma@wé thrgyeh aptionel hight el €41 ect ed

ma| por . f. i i } L 53 of
bl e || g he{n'téggfle%rﬁg snnﬁggﬁmt)dggft?%g%%% SRR %%ﬁﬁt%%ﬂiﬁc?ﬁ%fl% v prism

790 t hr oub¢hrame neirgh 6. Bhicdmht AckisAP4t into mflcctod puajorghortemt 158rof bitkedighit nor
portion 7 of, blue. |ight 751. es..thro ol.gr-sel ecti.ve_dj chr.oic
o 20 FOR AT EMSR B BT B S By exd G T prd SrA980

t hrough aighk 28 Nefsi oM pGEn 796 thrREEHENdi Bigth peisil fhze 704 intahSuiit HE&tiopat h of
red light 761 fromred gght source 760 through |ight conbiner 700 is

descr i bedl'tfegninphporéinhdéd aeblue Wabt ® Irpadsas ithyhuglr@ilor-selegtipo diwhrote airror2Q hi s

nmbodi l.ari Ny I Sj - ' d.ligh 6 d
ol ary 2 WRRH G fSHhayt b AR IR RS R R BR8P pub AL RGRI o

face 794 15i n Rdu@UiPUFIGI 7L tht Oftical path of Redlightgbl frofnlrelini@m sorecd T6@ht
source 760 passes through optional |ight tunnel 40, green |ight reflective

di chr oi ¢ thiough Hightoembing 708 is desciebadonthgsmbedment srhera red $gE® 1190 t hr ough

first pri 130, - i i - | ect i i 30 and
o opi [t blargs Al tbodily SR LRERI R RlnAEbON S AL 5O, 2
763. P- pol6drand eghoteeitet ighigh? Gryafo5 k62 fasthamishth7 20U rougafcighe prien fak a0l zer

30, . exits PBS 100 through third prismface 150, and changes to circularly
pol & i zed"PBQUPUGHECHQY 764 as it passes through quarter-wave pol arizer

220. Grcul ar |I¥ed9‘?%lﬁ'78?ﬁ€n{r%9 lilg%l%turcre?ﬁ(SOZ)@fm_ﬁ ﬁﬁb@%@ﬂ‘ommgﬁw padbaad mrror

740 changing direction of circular polarization, nges to s-polarized red
| i ght rayrd@dighs riéftecpasdiebroidiiloarJR0guarttewavanctardat’220ded c20 PB$d0@nt er s

PBS 100 t third pri f : .. S-polarized red. |ight 765
ot ects PiegHn for ey B 5FF R 48 insgtr B0 BB Fiatghendaied pr i sm
face 160,in@Y-pslaritddi b8 lipht GH7EB8End LpOMERed dell liBhial 783 f RGRIaFBEd rddABHES
t hrough col or-sel ective dichroic mrror 20, and exits fourth prism 790

t hrdugh apryROhppsessthidugh sctigavepolerizs|38r ¢xie BP0 theghugh thiyd mesn fage déPar i zed
red 11 ght, §3%af 88 SFBFhSodin T ol hifithy FoPR ithds8& thiddpn GihtdFRR 100
polarizer 220. Circularly polarized red light ray 764 reflects from broadband mirror 740
changing direction of circular polarization, changes to s-polarized red light ray 765 as it
passes through quarter-wave retarder 220, and enters PBS 100 through third prism face
25 150. S-polarized red light ray 765 reflects from reflective polarizer 30, exits PBS 100
through fourth prism face 160, enters third prism 780 through fifth prism face 782, passes
through color-selective dichroic mirror 20, and exits fourth prism 790 through eighth
prism face 794 as s-polarized red light ray 765.
S-polarized red light ray 763 reflects from reflective polarizer 30, exits PBS 100
30 through second prism face 140, and changes to circularly polarized red light ray 766 as it
passes through quarter-wave retarder 220. Circularly polarized red light ray 766 reflects

from red light reflective dichroic filter 730 changing direction of circular polarization,
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30 through second prismface 140, and changes to circularly polarized red
light ray 766 as it passes through quarter-wave retarder 220. Crcularly
pol ari zedwoedidasgiss ray 766 reflects fromred |ight reflPetttisSe@ods3Tng oi c
filter 730 changing direction of circular polarization, WO

2010/ 059453PCT/ US2009/ 063779 passes through quarter-wave retarder 220
changing to p-polarized red light ray 767, enters PBS 100 through second
prism f ad@sm@m\a&bs@tﬂétef Wrawgqﬁarﬁ@ﬂ?@cﬁh?%ng)tﬂ eopplaEired3nd lightiragxioy ssnPBs 100

through f ﬁ%&%ﬂ}s{eﬁtﬁﬁ p}@% ﬁﬂggééségﬁilr(gtgﬂ &%e %@r@_OE%:ﬁ&‘é third

prism 78 rou rrsm ace asses rou I've
di chr oi c MBS ﬂ@l]th?@gh&hdﬂ'ﬁpmsrh gackavot IP- pdilaﬁfﬂd?rﬁﬂ) hgl’mrr@;nqm entgiitthirpptiem f ace
794 as p rlze ed |i ray 767. Turning now to FIG_ 7B, the
opti cal péﬁﬁ ?@é@ﬂﬁ ﬁ%e 77872119*11%86%%91@%0 rRiEC B 1B 7OTIOR BN | i ght

combs ner 00 fdu?thqﬁfsg[{ ‘éé?ngtg Cﬁu%é cidhn ﬁg%ﬂgdrclg?gg ]\i"‘?g{of‘ar%@?éal hQPaFy 7L 1S

unpol ari zed. Int conpris - pol ari zed
green |ight raburifin namdo ﬂﬁoﬂ&,rthz eptigt peth of goplan 11|gh1y7 M?Hom)gtetenflxght $dur@r i sm

cour ce. 770088 el dsithing B Sndencibegilor P st Pogre TR I B f v

di chr oi ¢ fnipblafibed! 3@, thid UHbbEImMNA VM Blﬁil%djl?%ht S8RpAditg 9%@({r§ze&’§§eﬁ@i@hﬁﬂa§rou§3h
second prismface 140. G een IlghF 771 intercepts reflective polarizer 30

and i s spl72tand ntpolasizpd keaeh dight gy dén ekit fhrthraipni7 7 thraigh cpabittaprisne éhegr een
lig ray. 9773 P- pol ari zed 15 green light ray 772 passes through reflective
pol a |zer 0, exits PBS 100 through fourth prismface 160, enters third

prism 780 thr agigbn hgﬁttm'lrﬁdns prckatight/BdrcePaspasset throudhoptioharighetuaatl ve
dichroic mrror 20, and exits fourth prism 790 throuzgh ei ghth rismface

794 as p- ﬁ?@reairhgbéepﬂj%@mdlphrgmﬁlﬁeéﬂ)mlartsa pavaictad 25 sad emie@ BY §90 773
reflects tflfo%gh Eﬁfangglbﬁa&oﬂw 'c%%{ n B %ﬁ&%?@&&f&@ 1399#({15&&@9%& it p“ sm

face 130, o circular l'ari ze reen
passes t phugho pHpalatiesd g\mmehglﬁtray mm aritP@Bpol&itizedldraen lyghp edyer 13z édp@memd I ! ght

ray 774 reflects fr reen light reflecti chrojc filter changi ng
di r &t i orBrem 1&8@&4}17279 ca through KHectga l@h%ﬁéﬁs Eﬁérlpeﬁhr %Pqugparder
220 changjfigh fa8e P6(P%ht%‘f§ &ed pﬁﬁﬁe?@ohhx% h Eﬁ}{ filmy fa@enﬁ@r Eas'é’&SthP&%hfcbfo?Ugh
first prismface 130, passes through r tpl ve pol arizer 30 nd 25exits

PBS 100 tSIa]reouwdlbllmorainmqrs?.ﬁ] fimb@ntﬁ@rﬂfprpsm 290 theahghreggnh prigthtfaceddp4 255

changes to |rc | arized green light ray 776 as it passes through
quart er - iaU&? elfji ?f@%'/hg%g %éflects from broadband mirror 740 changi ng

direction of a-psldtiadd %@é@ﬁ 1% adyl D18 refiBéls GOANGAS:tVe potapiRbs0, 86k BBSe00 | i ght
ray 777 as it passes t guarter-wave retarder 220. S poI ari zed green

li g’ raythropgh éxtt erismpBs doanchehsnges tolwireday pelerizecercaslight rr@f T&casst f rom 30
e ect 45,0\ L AR M SR BT 268 30
col or - sel fasth ighten dighhicOleetivel dictesic 4ter azm clexiging (fil@UﬂidiIhoﬂlﬁlic&m fselantzehfo@u gh
gb%g; g 58 %Mg&gqg}%ggfsﬁyg%tgrdler%%% C Ia’u?genrllg lcol 19 rIltolall;lzzig/d g7rge7n llglx\?ay 775,
enters PBS 100 through first prism face 130, passes through reflective polarizer 30, and
25 exits PBS 100 through third prism face 150. P-polarized green light ray 775 changes to
circularly polarized green light ray 776 as it passes through quarter-wave retarder 220,
reflects from broadband mirror 740 changing direction of circular polarization, and
changes to s-polarized green light ray 777 as it passes through quarter-wave retarder 220.
S-polarized green light ray 777 enters PBS 100 through third prism face 150, reflects from
30 reflective polarizer 30, exits PBS 100 through fourth prism face 160, enters third prism
780 through fifth prism face 782, passes through color-selective dichroic mirror 20, and

exits fourth prism 790 through eighth prism face 794 as s-polarized green light ray 777.
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I n anot her enbodi nent (not shown), the col or conbiner can include a fourth
color light. In this enbodi nent, broadband mrror 740 can be replaced with
a third csbantshb4ssti ve dichroic mrror, optional |ight PCunsetossez77and a

fourth color light source, arranged in a siml|ar manner as first and second
color-selective dichroic filters 720, 730, optional 5light tunnels 40, and
second and third |ight sources 760, 770 as shown in FIGS. 7A-7B. The third
col or - sel ect i V8 agpBp; gnkodimpntdpotcshawpd the epleronbinerican fnslidets fewitly eolpr ght |

and €1 |k SBEANL AR O o SRRL B35, S0 &k i o ) Rl anot her

enmbodi nen col or-se Ive roic mrror can I nstead be a
bl ue | i ghtlectiandiohdii merors @dioaadight asncl 40ghhd & éddrthcdolardighok@irecs etremdedv e
dichroic A0mrror. In this enbodi nent, red .and green lights 761,. 771, exit
PBS 100 tih raéug%arf%}n%aspﬁr@%%ﬂdr seQndy rr%ﬁfeaﬂvq)%egmc G gfq,dﬁga@t@@% ri bed
previ ouslysp %Jaﬁggao,t &l el rthi%migﬁ%oﬁﬂewag gfm b4 ShoRi BPIGRCEA 782,

reflect fromcolor-selective dichrorc mrror and exit third prism 780
t hr ough sibetthirg colersdledsre dhroiBlfilter ¢andiet tranSearernitte faurfhoapldrHight,iagdwrdfBOt as

descri bed preyi | howeve jor portion 753 of blue light 751 passes
t hrough W%%@g;‘%ﬁ%’é?l?% 2@96}738-co| or-sel ective dichroic mrror 20 and
exits third prihsd £2ehd BnPUgihdt Ko s JIGCRIct8de dRhFIIORrr$rONk da@n 752 of
blue light 750 reflects fromblue |light transm ssive col or-selective

di chr oi c insteaddre ablde Eghttteanbmisstvi, 196 iaBdreze0 light gllgtiiveicgloriselgetigrdi¢hion 794.

il . ' hat . j ncl . I '
com ni ngnf5: BBy TBBhER. Rt Tp gt AR s P RSAG0 KfeRn il

provi des pisapfabé NeWinl anQiitpud dirbetionads destirivdll pFahBIy, 8R4 enlef tiarieprBADPEY ment ,
conbined |ight output at output region 904 is polarized. The conbined |ight
out put atthwyeh fifthmsigmoiaco (%2, pflesbiomisoligrleriiyhdicliaig Hisras gPiapd cxip grikdo

proj ect Orqrfe%Q{%ér%ﬁgg)g@h?%@?%@rﬂ?&ce%ﬁi %ﬁl@qg%hggg%glgglg% | fgﬁsgn hefges 922, 924

and a ref proj ect or opt ris I'ens 928, a PBS
930 and ptes¢rietlippsvidishs @ewbiad .a ijer portiom 783 of blub &gl 751 gatden thrbegisidac 932 can

be npvable relative to the PBS 930 to provjde focus.adjustnent for a
pr of ct ed'8hhHaRsYIve Rlpraylectiye ’éef%’é‘iuﬁ‘& @&?ﬁ&élt@%%d%ﬁ mught he

pol ari zatd.QR psilAtrccOfs4t Reihd hidﬂwm%%@m%%@b rGREEGRom PRIClAE the
intensity of the Iight passing through the PBS 930 and into the projection
| ens wi | Itrdnemmiaicatoedelectiyerdichucie niber 30peojsdotrdtpiism g0 gitdughigitht r ol
circuit 914 ié cx?%ﬁl ed to the reflective inmagi ng device 910 and to |ight
sources PIB™'§i8’ahd 920 to synchronize the operation of the reflective

i magi ng devi Cer1@10 iNhsirates @gﬁ@ BN Othat iAEuHEO IRV F 2EhOdSmbiRihE sqdtem920.
I n one aspect, WO 2010/ 059453PCT/ US2009/ 063779
20 02. The three color light combining system 902 provides a combined light output at
output region 904. In one embodiment, combined light output at output region 904 is
polarized. The combined light output at output region 904 passes through light engine
optics 906 to projector optics 908.
The light engine optics 906 comprise lenses 922, 924 and a reflector 926. The
25 projector optics 908 comprise a lens 928, a PBS 930 and projection lenses 932. One or
more of the projection lenses 932 can be movable relative to the PBS 930 to provide focus
adjustment for a projected image 912. A reflective imaging device 910 can modulate the
polarization state of the light in the projector optics, so that the intensity of the light
passing through the PBS 930 and into the projection lens will be modulated to produce the
30 projected image 912. A control circuit 914 is coupled to the reflective imaging device 910

and to light sources 916, 918 and 920 to synchronize the operation of the reflective

imaging device 910 with sequencing of the light sources 916, 918 and 920. In one aspect,
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a first portion of the conbined |ight at output region 904 is directed

t hrough the projector optics 908, and a second portion of the conbined

| i ght outwotowzsv4se recycl ed back into col or conbi ner 9@2TiUsc@amb37out put
region 904. The second portion of the conbined |ight can be recycl ed back
into color conmbiner by reflection from for exanple: a mrror, a
S5reflective polarizer, a reflective LCD and the |like. The arrangenent

i | | ust r ateeldrst perpmof Geicembnesbicht 4 outw ragien 904gh diregsed oy 15y BrOaesor

di scl l

rer | ect i EToy 2 sl &odhl1 oRlASlr B e AR T Eicled Ul il 12

al t er nat icoborasmbater 9&2 thm@mmmt\t@wma@ﬁt Mbhodevomkparaon bfthy sembindd tighdi ng t o

one aspect, .a col or ght conbi ni.ng system as descrl bed above 10produces a
three col @R bERHYES aekmﬂco PheonaRjRTr i TRECCHON JFPnefieT SIS 2pRERhe

pol ag i zat L ALRE 981%?1%&1% re(ﬂe%ﬁjveeﬁéboalﬁdftf?é 111§e ppﬂeaz{rf Qnéﬁtghl}]su%{éﬁ ih FAGSITsS ST on

for P-polarized'l ht) of a polarizing eamsplt er with reflective

pol ari zerexfsmblfarﬂ’]ané thedwglﬁ; eombmmg dyytefsrdisslosedl earr langped efithartigdresojoétiannci dence
of source | diti nalglﬁﬁf limation. con onents caa&ae% ed to inprove
ol 11t et o well mphing i g AL S GIrEB AT E HevIED Bf (RO ner . Wt hout

a 15 certRiRrdegtesclitchmtilé E'%E:btoﬁltraﬁﬁﬁ%ﬁvé’%rﬂldgd@%ei&&%aﬁ'b@%@éd l'ight |osses
associated with variation of hroic reflectivity as a function of angle

of incidence (Aamoydlng bs@e@ﬁpemtlia@lonlrght m@dmgvsasfe@ceémitesqrﬁnélabw to

fru rate_t e de olarlztlon nation .and function
e bebURa e P L BRSSP B R SR EGT LR PR AT o

as | i ght Ropesed @fletion fdr@npolsmwaigme@hdotyaﬂsﬁﬁ@ionl th Bipaakizeefibegbf on, and

rel eased only through desired 20surfaces. FIG 8 is a graph

of transmokdizng kegecligenyith aeflechyepoanzsy ﬁlb‘l“d’éV%llOcY‘h?e@ﬁ]élVﬁY fererwiderggs] ed R,

G B FCal
25501 t vard Pgsapt DRt Qe iRl 2R oA ol MRl By IRORL St b o
nodel st anipeslewdotlimatioh®plad ligho Ptonc Aghtsbacks fthatdler ceatbing. Biithduend Ti O2

| ayer s havi n 460 nm quarte t hi ckness, .and was opti d ysing a
|l ocll sedCHAL egweﬁééahh%aaafh. h?rfaﬁlﬁ&ﬁ S|gneasapt #ﬁgjlté%a?sta}smteg]wﬁ VAHIOf o

layers. THQlLdypdiakefidaii¢i lf)f‘5§§ ARkt DEr %Ié SBhcidl REKAAP 14k '3? f]“ﬁ@ of' 9101%@9&1 nm

30The three dichroic filters were no to transm't red green
(530 nm) ,cvamzbcdit geurfld@o Mimptrate ghiet TR andendegrarded rpol%mzatlmrochecnmmhtum and

Lanmberti nqul ar distribution 00 aver.age i NCi e.angle (i

sarpendi Jurditin o B, BE bR, PORHATE poalf i nCHoas gt

2010/ 059455RGJ kbG2RA083iAEY bl kG hIriRietnal tdflcBfionVasd kdleRbd on[JMBrotiIE BERcE
mrror was nodel ed to bl ock Ilght centered at 460 nm and transmt |ight at

5302hm artgrf888- nm incident in an F1.5 cone with a Lanbertian angul ar
distribution at a 45 average incidence angle. The input side of the
dichroic mrror was nodeled in glass having a 1.52 refractive index.
SApplication of the transm ssion spaxangpled FIG 8 to the col or conbiner
shown in FIG 3B shows incident blue light (first color ht 350 in FIG
3B) i nter cept ddGt Rés YRERP OF Bannipeen yrepya of remreqrgeﬁ bﬁﬂ%d’&g@ﬂﬁ Bit&S i rror

Lo S AR T et B LU G B ARER 1S
tradsmt tseﬂwﬂ’&é’@oeiﬂaﬂoltefrd&rh@efﬂvuagﬂﬁpac&a dhct Rertlhad®R)olTae iTF&kloanodel started
with a 10 pair optical stack of alternating SiO, and TiO; layers having a 460 nm quarter-
wave thickness, and was optimized using a local search with needle optimization inserting
additional SiO; and TiO; layers. The total thickness of the optical stack was limited to
3000 nm.
30 The three dichroic filters were modeled to transmit red (630 nm), green (530 nm),
and blue (460 nm) light incident in an F1.5 cone with a Lambertian angular distribution at

a 0° average incidence angle (i.c., perpendicular to the surface). The input side of each
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10state that is typically transmtted by the reflective polarizer in PRP
190 in a color conmbi ner such as shown in FIGS. 3A-3D. The transmtted bl ue
| i ght carwbeorcasedsed fromthe system by optional wavel er@TIuSs@o®6377% e
absorber 70, resulting in approximately 12.5% of the blue |ight exposure of
the reflective polarizer, conpared to a color conbiner wthout the dichroic
mrror. In practice, the output of the blue LED ma)é be increased to
1500npens(h‘€1€01fctﬁltef Wes o595 ‘basdichigia meraiarasanodsiadedo plagktlighkeraétiedat ko0t he

(r:he](c:lhrez;[ Lvrqhn Pa?%?fahéﬁﬁ 11@%“’*%38??3'9%”({3011} ]?él%i%{ﬂ?n GPEPS S Mtﬁ% a‘%‘t}egﬁ)lﬁt the

reen
I ncr easednpolacoiRpibogad et £ 4)5"0 dvbegk Qﬁﬁdd‘nbé angdd Tln@m@umamfctherdrchﬂnc tir@m Fl G

8, approxi mate 5% transm ssign), Typically, blue light is approximtely
10 times Wr%o%iﬁiqlﬁl%asﬁ %Yin%?éei(r)? fr@ﬁ’c"elﬁ‘—‘gﬁ?‘ a 20configuration where the

radi pmetric pO}(‘ﬁJthtflo& Jé'igt ng{rﬁﬁs’?mks?o@sﬂe'cﬁéf FRe & BT do‘fnb‘?x?é%’%ﬁo@ﬁ if he

bl ue, the above col or iner wmth the dichroic mrror would provide about
4 tinmes tH6&. BBfskowsmcafent Blee tiglit (Ecdt icoler pgllltaﬁtﬁl()mfl@o?ﬁ))anewept@dtthm col or

i thout. th Li.f et t b
Cer eascditipipioLTELSE fof 1hekientiin St hERt QA Bty T Snat
reduct i onh@pluk m@h%@atgér MRS SNGIIFIG! 9B aRMPaSHi@d @pirda@mzt%ryeﬁmﬁﬂnv)eh

pol arizer will tend fo reduce its tendencg to scatter |ight

phot opi ¢ L@M@It?@nl@;ﬂ@f 3lBheThmtrarmmltmdl oo thblbh@rhg(h&s)ofdbwan@mimzahm(u .e.,

without a wa select i C..m [ ro0r ared to t ebl
or of Lt edst % orlsqglﬁfﬁll tran(s {f‘%byt ¢ refle ti e%olfmger 111 Er%ﬁq nt wlowq mbinet 2

wavel engtdicis & @invie RIGS 32130, MThé &ﬁndrﬁttéchbwe lighOfane¢asmbesd frén theS.
Application Serial No. 61/095, 129, entitled 30LI GHT. COVBI NER, filed an

Sept enbersygemipo@tiotyevasiskeagihae! e@ﬂ?ﬁfo@hwﬁﬁr P rasul i AP IoRmRately /2 1°a8f e f r om
L 1,
The. Bacc Has BBy} 8r AR REAAHE bR, BuhBhed % At ORI wiliBLE T

2010/ 0594b3 BChfiS2QD& 0b Pratlce onpartpwt of ohd blee CEDcaay bgincahis@ito Si nce the

blue_light source.is oft not the LED color that limts_the output of the
devf% t9QEPERRAEE f?a&lee?s%/e St3Rdh gt WEBH@S@ ﬁ@%m@;ﬂﬁﬁh%feﬂ?%e@eﬁrﬁ%t her

conf i gur ajé,g bwla@omd% &c{hyéalagcd%nt%&%ﬂdughfe BAGE Enitot NSidnil PHIGE
5wavel ength, such as a Il-VI sem conductor converted green LED: An i nproved

col or comhitme of tergrim Irﬁdmdyyllﬂnﬁmmgcraadaﬂmcannensm forEbe Wiss thraugjrthen 11 -V
LED, whic r ovi des pectral ration .bet ween the blue and green
LEDs. The‘H?}ﬁPlﬁﬁ?lﬁr& :ﬁébgta\%@ﬁl ﬁg@% ﬁﬁﬁ“@%@@ t h a | onger wavel ength
green |'1-VI LER@PR!Oé MBAEL ¥pptdRimately 10 times more actinic than green light. For a
20 configuration where the radiometric power of the green is 2 times the radiometric power
of the blue, the above color combiner with the dichroic mirror would provide about 4
times the lifetime of the reflective polarizer compared to the color combiner without the
dichroic mirror. Lifetime improvement could be increased further since scattering is
sensitive to wavelength, and reduction of the short wavelength light exposure to the
25 reflective polarizer will tend to reduce its tendency to scatter light.
The photopic efficiency of the normal color combiner (CC) configuration (i.e.,
without a wavelength selective dichroic mirror) was compared to the blue protected color
combiner (BBCC). A normal color combiner (CC) without a wavelength selective
dichroic mirror is shown, for example, in U.S. Application Serial No. 61/095,129, entitled
30 LIGHT COMBINER, filed on September 8, 2008. The spectral output of Phlatlight™
LEDs (available from Luminus Inc.) was used to generate the data for the photopic

efficiency. The BBCC had 74.3% of the blue output and 88.0% of the green output,
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drop in brightness) was insignificant conpared to the standard InGaN green
LED 10(approximately 12% drop in brightness). The bl ue |ight exposure
of the reavDeotoosesspol ari zer can be further reduced by plratiusgoo/ogsrvel engt h
sel ective absorber (i.e. a blue filter) between the blue |light reflecting
dichroic mrror and the reflective polarizer, as described el sewhere. Using
the sanme anal ysis as above, this approach has the potential of extending

i fetime doyparadde ther Corconfiguration oyiees tha blusdibbsaureesis gt npiche LR @iised by
absor bin reh r eak
Fomper at oy 1ot S ol U Hoe HBRCE IR ERY @?ﬁ YRR b Shipul PEAES

per pendi aiCar to the reflective polarizer (i.e., end faces 170 175, 180,
185 shown in F|G_ 1B). O her nethods reduci ng, t he pea| erature

i ncl ude i ncor d%ﬁl%leqrr?@n%gmaw Wiy magﬂﬁi BHPRE S{eR AL $ougHe W i

condsict i %é%lengﬂlc Qi 119 SEmRbndSARAOLIR orbdh LS. g,nqﬁfp%\fed%rorror The
sapphire layer be yel | ow t hrough dopi ng a suitabl'e el ement such as
cerium tDpnﬂm:hrngn beamadelby bongh bbietwdlre(ghEDmtoa pieag le¥ALERY whoth by coati ng

the sapphire with the bl ue refl n coa ure of
bl e || GTOSAEY trdef e Bkt Bien S oot s8R r T b ReR OB o
BBCC col qfeteQmitha ecsandIBB@@whrmng'éH W Bnkh &ash 108/ 109U ?’ﬂ)p%é(lﬁla@ly 3%

illum nation 25 optics between the blue LED and the PBS g., the light

tunnel s akomeslurghbt@csS)ew@emgm@;antvh@pbﬂedéo thefstaadardrin{>aNtaiecnB3dE can add

non ni f rmt N [ elect|V|ty and pol arization selectivity
(?:e bl u%pra eo?'ég/ mpl n@%h% thci ency of the color conbiner with a

pr otective bl UHledjlﬁé”llight%xp&sftﬂr@&ttﬁé rdTRYtiREpJIPRE Cart BafurthBeregidagdlby anal ysis
provi ded abgve. Several mechanisnms may reduce the 30 inefficiencies caused

by the bInRking pvarelprah see¢taetagporberdi. e&@%ﬁaer)tbﬁwesnd@blw lighttreflecting be
optim Zedqlérﬁ{)%%?m?a&& Q%ﬂé%ﬁ% B@%ﬁ%&% &5 %ﬁ%ﬁse%éfe% th Sarh@Proved by

using a glo opt1m za ion, I ntreasing the average ex of the
di el ect r iamalysiatas Ao &t ﬁﬁé(appﬂmph(hasfm]elpatdnﬁﬁll oﬂexthnéingdifmme BY acfzkct@euf tbe used,

for exanple, ap interference ck .of Ti d Al.20 y be us i nst ead of
thel i 2 and o BOCHRUSONGE rﬁetﬁ@ﬁﬂ&ﬁﬁ%gaua% a SPW%@I& blgsr1e F%@Si cal |osses
were not daﬂfé%b’Q‘raeqeﬂmfv’e%ofa?ifz&eelfﬂeﬁﬁaﬁ {e%{BeH%Erercﬁﬁ b@?édu}fé‘d W{;l%&hg%rhegtan be

very hi gh, ht transmtted by the reflective polarizer ‘can rotated by

a quart eranlﬁwabcéh oétharfaes pdrnendtreslar rtte mihbiue?r podglmn ¢/ a:;rendémls aro,zi7ag

interacti h t he f ani z houl nimz atterl ng

can bt HEOnbLt oubd E1 L oiiEr PRUARS REfdeRe Pepdidumhiytice

pref er abliyc &’dt1ﬁ’$§ 1R6t L leaYBw e h AlghaR&enal ebndillivity) s8eh £ @) & of SUch
ficult to acconplish, and performance is usually a

d

c grsé)(?g; ;ggpmneﬁlﬁ dishene Vllltfall cUheaeppiiee law\n@aydmwlla%tbmgh daping witraral

col or Conétl)l tgbei% eE{n ng §u%ﬂtaL Xer%% t{ a]d(ap | u%h ddgﬂﬁlaf é-L%ﬂltl %Sél%ﬁl%ycm fid Ef%r by the
her i nprovi ng Stem

reflective polarizer. gque o

ef fi ci enayy @watinpehetsepple® Wittgiht bm’eﬂ@csmtgmwhr&awatalgl arger F-nunber for the
bl ue light source than_ the green [ source. In cases where the optical
systemr eqU| r d&xpope of R Hghtpme re tltf%aolerla@ NG e spifeEy Heddicpe

same, higf (‘%’d}?ﬁ%{ §6ﬁ€§m€1@t ﬁ&@bseﬂ&%ﬂﬁﬁﬁﬂ?%aﬂ?ﬁe Uﬁﬁg c ﬂﬁﬁr li bi nary

| enses |n a honogeni zer l"ar ger e bl ue
i ghd nayopaks be/t/waem&hm‘EElb |aadlthetﬂB&(epg aﬂled:lghwtanfﬂelé asedestmbddeslmwed

Per f or ma efor he bju ot ect ed .col or orrbl reaerelatlveto
t he nor mal nedvf lieéﬁ?taf m&ﬁ gﬁﬂﬁ%ﬂw& dmepz Pty g @ﬁ?g eﬁgw HeclsPiwnians onl y

needs toﬂoqg}%{l&psgl&rm;tpgfg{e% @pglofed wavel engths, the retarder in front
of the red LED only needs to provide

The efficiency of the color combiner with a protective blue dichroic reflector may

be higher than the simple analysis provided above. Several mechanisms may reduce the
30 inefficiencies caused by the blue protective reflector. For example, the blue reflector can
be optimized through a global optimization process. Design may be improved by using a

global optimization, or by increasing the average index of the dielectric coating stack.
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20quarter-wave retardation for green light, and the retarder in front of
the green LED only needs to provide quarter-wave retardation for red |ight.
Thi s coulwoabmsptsevi de an advantage to the | onger wavelPemgishoogroessn LED,
such as I1-VlI, since there will be less difference in wavel engt hs between
the red and green LEDs. There are a wi der range of retarders avail abl e that
function over a limted spectral range. 25Unl ess ot herw se indicated, al

nunbers eXpr exabingiometdiglectds stack canrhsumed fongramphs ¢n édxprigentsettacked used in
t he eci+f:cat i i . . i L. ed t he
torm - aponPt AR AR (MG P ukCribl 461 BIOAKAR BE BRI ETIEY, o
par anet erasldaeh, fractidal lassdsivecr astagaudel. SWaie tdfleatiorofromnbe adficaivreghlaizr ns ar e

approxi mations that can vary dependi ng upon the desired properties sought
to be obt@MRENCH gh,ﬁ%gtéa@mﬁtwﬁw%r@ﬁlﬁéﬂa? polgtizgrican ia@rthg%@a&ﬁﬁrﬁgs

di sc§ osed, fRNElaller 4 times, Md sch rﬁlrg%gﬁ,% d%(gbgar?éﬂ {e@hdtRAS weinlBd FREGIN are

expressly i1 ncorporated herein by refere heir entirety into this
di scl osurm]arexcgpuld e mmemeret e Stattchiey campe themeast bgveYDvith blue light, and the

2010/ 059453P US2009/ 063779 ] dict this di | oAt ifi
b nodEBITA U SRS PR U P SMar S BT Bt T thiee G pi R e T

appr eci atRgighy cdtesaridultab dbdddiplish kinkd!pel BrihdiRe & dsubii@h c8mPRmtiSd. YTIRf
al ternate and/ or equival ent inplenmentations can be substituted for the

speci f i ¢ edhbeaiymatubationpebpvartbodesund thatlk ppmiabaelodeqmabinenedfi¢icathy ¢thiss scope
of e priesent. .5di.scl osure.. This appli.cation is intended to cover any
ada%?atighgaggﬁG%P?@Xﬁglgn%(i?%%m§%%§9¥?80%ﬁ%%dinents di scussed herein

Therefore, it AsothéttemaefheloiahploRing sghtedl c@heiemeyltan b id hedighbkyurbys thite
clainms and the equival ents thereof WD 2010/ 059453PCT/ US2009/ 063779 What is
cl ai med ihgve ajargguF-gpmberdpr tiedhsnight sorpe than thy: greerf lighd sowee. ol a@stsect i ve

A T e T O
same, highly dispersive optical elements may be used, for example, binary lenses in a

15 “fly’s-eye” homogenizer. The larger F-number for the blue light may allow a more
efficient blue protective filter to be designed.

Performance for the blue protected color combiner may increase relative to the
normal configuration since the retarder in front of the blue LED only needs to function for
the green and red wavelengths, the retarder in front of the red LED only needs to provide

20 quarter-wave retardation for green light, and the retarder in front of the green LED only
needs to provide quarter-wave retardation for red light. This could also provide an
advantage to the longer wavelength green LED, such as I1-VI, since there will be less
difference in wavelengths between the red and green LEDs. There are a wider range of
retarders available that function over a limited spectral range.

25 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

30 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
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a color-selective dichroic mrror disposed to intercept the first color

| i ght beam at an angl e of approxinmately 45 degrees; and a reflective

pol ari zerwoizeposess3adj acent t he col or-sel ective di chroi @eCEruse@/0637pposi t e
the first color-selective dichroic filter, 10wherein the col or-selective
dichroic mrror is capable of reflecting a major portion of the first color
| i ght beam and transmtti a mnor portion of the first color |ight beam

2 The opontadicihisiysiossre. o eioweh Shaskfes embpdimentidyioy basor Hussatesnd ho 1 r ot
lor Ii ! - ' - of i st i
S0 e oA MertRUBAME MWL BEDoRlcid &N tBRBIahIR SIf Bl e A Mot b Afll AFAT

col or | i giterlaesandd@nquivsiest iaipléreasitions Yambe sutstifutadsfor thelspecitic ght beam

204. The optical elenent of clgiml, wherein the first color |ight beam
conpr i se<MPod{PEs joye aéwgcteﬁcrr%s?@i@fwt qiip@ﬁtngt thessceaepfaﬁﬁe PEBHegr adi ng
the §efl epldVGrdOfE hffication is iftendtdfo 0BG RITRAL oPlarfhiBhid e f ur t her
conpri si ng aEMéVelend%ﬁwggFngiS% ab%o?%érﬂ%gpéble OP égs&rb?%g %he first
wavel engtspecifingabodinientphtiscasstd diesypo s Elekréford, ntie mtepled thae tiSdisclosurpbe t | on of
the first.color |ight beam . The ical element of claimb5, wherein the
mavelengﬁﬁmgﬁﬁgﬂ¥bggkﬁﬁ§8§889%F§“HP?%P éﬁmﬁgfmeen the col or-sel ective
dichroic mrror and the reflective polarizer. 307. The optical el enent of
claim4, wherein the first wavel ength range of |ight conprises blue |ight
or ultraviolet light. WD 2010/059453PCT/ US2009/063779 8. The optica

el ement of claim4, wherein the first wavel ength range of |ight conprises

| i ght having a wavel ength range from 100 to 500 nanoneters. 9. The opti cal
el enent of claim1, further conprising a first and second prism5formng a
pol ari zing beam splitter (PBS), and wherein the reflective polarizer and
col or -
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selective dichroic mrror are disposed on a diagonal of the PBS. 10. A

col or conbi ner conprising the optical elenent of claim1l. 1011. A projection
syst em cowprovesgesBhe col or conbi ner of claim 10. 12. Pha/uspeivoed77el enment
of claim1, further conprising: a second color-selective dichroic filter
havi ng a second input surface disposed to transmt a second color |ight
beam perpend| cular to the 15 second input surface, the second color |ight
beam al sdWhgitiselaiped isy t he col or-sel ective dichroic nirror at an angle of
approxi mat el y .he color-selective dichroic mrror is
capabl e o tra%%n&?%?%ﬁﬁlgn%&%&lﬂn tion of the second color Iight beam 20
13. The optical el enfist Ccﬂiﬁr-&‘ﬂﬁ&tlm dhroih el havinge ﬁnstmpumkfme Idi@biedbeam and

t he second col or |ight beam each conprise convergept or Y ent

rays. 14. The optical ef@¥aHE fte}f»t Qﬂl%l}a%ibeam H?Wﬁféﬂc%%ﬁrﬂil%‘ie Iﬁgmpztsa Pitst
retagder disposed betweepthfie first color-selective dichroic filter and the
reflective polarizer; and a Second retarder disposed between the second

col or-sel ective di chrobéreseldctivedichrdt mireorrchéﬂoeftdtlo\mtepmpahﬁ ﬁm’c coliéﬁillghtThe
optical el enment of clai£14 whe%élln t he refleg oI ar zer is aligned to
a first polarization stadt8maH AN @AgR Of tRRpE gt %% %S ﬁn uarter-wave

retarder aligned aty @fc@RR (Sﬁlﬁrfi&tdilk:}%sé@a 8&hetheabrlelebtivd@chrblcshirror,
pol ari zation state. WO 2010/ 059453PCT/ US2009/ 063779 16. The optical el enent

of claim 15, wherein thebpfppﬂt@tth@ﬁr%ﬁolbr-gﬁtbctb’@aimhé@lﬁéﬂﬁeges a first color

unp% arized |ight anlg tlh ondlccﬁ rlchr nt Oeralgncézogr ﬁe% secoanglr col or

unpol ari zed |i ght quI%ren om T hes filrst Cor er ari zed Pg gty
portionof the first color light beam, and transmitting a minor

portion of the first color light beam.

2. The optical element of claim 1, wherein the major portion of the first color light
15 beam comprises at least 60% of the first color light beam.
3. The optical element of claim 1, wherein the major portion of the first color light

beam comprises at least 75% of the first color light beam.

20 4. The optical element of claim 1, wherein the first color light beam comprises a first

wavelength range of light that is capable of degrading the reflective polarizer.
5. The optical element of claim 4, further comprising a wavelength selective absorber
capable of absorbing the first wavelength range of light and disposed to intercept the

25 minor portion of the first color light beam.

6. The optical element of claim 5, wherein the wavelength selective absorber is

disposed between the color-selective dichroic mirror and the reflective polarizer.

30 7. The optical element of claim 4, wherein the first wavelength range of light

comprises blue light or ultraviolet light.
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5 17. A color conbiner conprising the optical elenment of claim16. 18. The
col or conbiner of claim17, further conprising: a first color |ight source
em tti ng wbheofoassts3col or unpol ari zed light; 10a second ecrars20009b377$our ce
emtting the second col or unpol arized Iight; and a combi ned |ight
conprising the first color unpolarized light and the second col or

unpol ari zed light. 19. A projection systemconprising the color conbiner of
cl ai m 18.8.15 200w optealpiemend of elebndnwheseinthafipt p9velength keeobhght si ng: a
third col gr- oA M| ] i il i i i t surface di sposed
to transﬁ%®u§£%§§$%%ggﬁ%gQ%ﬁ%%Pghééﬁ%ggg%éggF%ﬂrg#ﬁ@gkgﬁg third input
surface" the third color |ight beamalso intercepting the col or-

20sel ective dichroic mrror an Spgle of approxjmate]y 45 degrees; and a

t
third qu&ter-mﬂfc@t%%wgpl@%é URCLGPI iSRG Hist @l casndiig e angl e to
the £irsteppohatizpliA Kbt $iind BRI ehd RS ddhentdivedoRtef adiklofit | ve
di chroic Pi”tgﬁ?%ZSﬁh reinfﬁﬁe col 1se|ect§Ve dichrof%oniﬁrai ig capabl e
of transrsetetiivigdiahnog) onrrqpard disposed on hdiaghnaldbf ol IBS.1 i ght beam  21. The
optical elenment of claim?20, wherein the first color Iight beam conprises a
first color unpolarized light, the second color |ight beam conprises a

second colgor 30¢pRPLAN bR '%ﬁlngtﬁaapﬁdweltehieﬁﬂofc&iﬁrl.light beam conpri ses

a third color unpolarized |light,

10 11. A projection system comprising the color combiner of claim 10.

12.  The optical element of claim 1, further comprising:
a second color-selective dichroic filter having a second input surface
disposed to transmit a second color light beam perpendicular to the
15 second input surface, the second color light beam also intercepting
the color-selective dichroic mirror at an angle of approximately 45
degrees,
wherein the color-selective dichroic mirror is capable of transmitting a

major portion of the second color light beam.

20
13.  The optical element of claim 12, wherein the first color light beam and the second
color light beam each comprise convergent or divergent light rays.
14. The optical element of claim 12, further comprising:
25 a first retarder disposed between the first color-selective dichroic filter and
the reflective polarizer; and
a second retarder disposed between the second color-selective dichroic
filter and the reflective polarizer.
30 15.  The optical element of claim 14, wherein the reflective polarizer is aligned to a

first polarization state and each retarder comprises a quarter-wave retarder aligned at an

approximately 45 degree angle to the first polarization state.
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wherein each of the first, second and third col or unpol arized lights
conprise a different wavel ength range. WO 2010/ 059453PCT/ US2009/ 063779 22.
A col or cwotnrasI4senpri sing the optical el enent of cl ai mC2AS2@8/0637e col or
conbi ner of claim 22, further conprising: 5a first color |ight source
emtting the first color unpolarized Iight; a second color |ight source
emtting the second col or unpolarized light; a third color |ight source
emtting the third color unpolarized light; and a conbined |ight conprising

the first,col il i qct : . r i.ght, and
the thirdBol o AR B ER of bRk 15 DR e O LR BBl g
t he opti dakt @l@mpbladkedligitand the s2bondAnl@pighcbdanet @nfides a seuvnd icsiong:

a first color-se|lective dichroic filter having a.first input surface,

di sposed WHOHEES ]h%lﬁidﬂf?%{e‘ftifFoé?t@of;rétrcol?‘?r 0Bz pendi cul ar to the first
inpus surface; a reflective polarizer disposed to intercept the first color
| i ght beam at an angl e of approximately 45 degrees; an
out put sulr7f aceA dolsposebintocanparssiyg the pptecal elesencall aaiml iGght beam i n an out put
20di rection perpendicular to the output surface; and a col or-selective
dichroic mrror disposed to intercept both the first color |ight beam and a

second colgor ITioldie8mbiier aNclagll €, MftharPhprisiigt el y 45 degrees, wherein
the color-selective dichroic mrror is capable of reflecting a first

25maj or portion of afirst gdedight sires crhitigig thidhishciolor uhpolaurqddtghdti r ect i on, and

Lrappm L1 ng 2 seoond. Gl ot Lelomb i b\ honi2b Rk ubbA AT hat e
a combined light comprising the first color unpolarized light and the second

color unpolarized light.

19. A projection system comprising the color combiner of claim 18.
15
20. The optical element of claim 15, further comprising:

a third color-selective dichroic filter having a third input surface disposed
to transmit a third color light beam perpendicular to the third input
surface, , the third color light beam also intercepting the color-

20 selective dichroic mirror at an angle of approximately 45 degrees;
and

a third quarter-wave retarder aligned at an approximately 45 degree angle
to the first polarization state, disposed facing the third color-
selective dichroic filter,

25 wherein the color-selective dichroic mirror is capable of transmitting a

major portion of the third color light beam.

21. The optical element of claim 20, wherein the first color light beam comprises a
first color unpolarized light, the second color light beam comprises a second color

30 unpolarized light, and the third color light beam comprises a third color unpolarized light,
wherein each of the first, second and third color unpolarized lights comprise a different

wavelength range.
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26. The optical element of claim25, wherein the color-selective dichroic
mrror is 30 capable of transmtting a first nmajor portion of the second

col or |i gD 2bmas9458r pendi cul ar to the out put direction, pamaSe@Ploexvd ng a
second maj or portion of the first color |ight beam perpendicular to the

out put direction. WO 2010/ 059453PCT/ US2009/ 063779 27. The optical el enent
of claim25, further conprising: a second col or-selective dichroic filter
havi ng a second input surface, disposed to transnmit a third color |ight
beam per pgndi cul ar : C ' : r hird color |ight beam
capabl e gjf%' " ntAlerC ggﬁ%ﬁlr%ggroﬁiﬁﬁg%r%?Pgtﬁ:‘ia?glghggﬁe%frcﬁ%%rﬁand t he col or

sel ective dichroic mrror at an angle of approxi mately 45 degrees, wherein

the color-selective dichroic nmirr | S, capable of transmtting a third
maj or pord’ on T S PRI Pf gt Bedhither CR¥TSHEpUt direction. 10 28. The
optigal el ement of ' oM Ed : ] ' t .second col or
Iigﬁ? beanlconpriséghgt&yégg?’60&§%§nﬁﬁggg%£gﬁégggﬁg(nﬁgéﬁ#ﬂ%éanl 29. The
optical elenment of adecaopmd @bor lvghes@irce ¢rhetimmiho seqaod cblon uopolateeddmbond col or
151 i ght beam conpri sgs ,at. | t 75% of. .t he secqnd, col or, lLight . bea 30.
The opti cal el enbntt G eplar FlBesolpanthe e PEaeaig sz Ailsht Blam
conprises a wavel erbgédmmﬁém%moﬁl 88hg iR st ®16aRpblafz&f ligdrahadiagdt he
reflective polarizer. 2031. The op |ca% el ement of claim 30, wherein the
wavel engt h range of | i gtrolasenpeleges lighteanditiyghthirdrcolgr unpelpmtagtlight.ght . 32.
Thel ptical elenment of claim30, wherein the wavel ength range of |ight
conprises |ight having a wavel ength range from 100 to 500 nanoneters. 25
24. A projection system comprising the optical element of claim 23.

25. An optical element, comprising:
a first color-selective dichroic filter having a first input surface, disposed to
15 transmit a first color light beam perpendicular to the first input
surface;
a reflective polarizer disposed to intercept the first color light beam at an
angle of approximately 45 degrees;
an output surface disposed to transmit the first color light beam in an output
20 direction perpendicular to the output surface; and
a color-selective dichroic mirror disposed to intercept both the first color
light beam and a second color light beam at an angle of
approximately 45 degrees,
wherein the color-selective dichroic mirror is capable of reflecting a first
25 major portion of the second color light beam in the output direction, and
transmitting a second major portion of the first color light beam in the

output direction.

26.  The optical element of claim 25, wherein the color-selective dichroic mirror is
30 capable of transmitting a first major portion of the second color light beam perpendicular
to the output direction, and reflecting a second major portion of the first color light beam

perpendicular to the output direction.
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33. The optical elenent of claim?25, further conprising a first and second
prismformng a polarizing beamsplitter (PBS), and wherein the reflective
pol ari zerwp2otespssed on a di agonal of the PBS. 3034. Thecotsca@alocErenment of
claim 25, wherein the first color |ight beam and the second col or |ight
beam each conprise convergent or divergent light rays. WO

2010/ 059453PCT/ US2009/ 063779 35. The optical elenent of claim27, further
conprising: a first retarder disposed between the first col or-sel ective
dichroic £ It a
second ré{ardgt scéggﬁﬁﬁﬁtag%%ﬂ?%gﬁég%gﬁﬁ{ ﬁ%r sel ective dichroic
5filter and the refd S?:C@Ild/c&)lqil@dewctl‘zechhro%ﬁltélfhﬁVm[gtal sabndehpwantfaed, cl ai m 35,

wherein the reflective pgl ari is ali dto first polarization state
and each retarder conpri %fad5WP@ﬁaw§v§C?@fBéﬁéww@ﬂwgﬁ@ewa %

approximatel y 45 degree s@&gidq  shftfod {Hehir@ B4IBF [igiR et c%%é?cﬂ@of 10 37. The
optical elenent of claim 36, erein the first co beam conpri ses a
first color unpolarized 1hﬁegjept;1ng hﬂhstbmmﬂdctwlmﬁaﬂzaghtd tbeamtocmhtmtiivses a
second col or unpol ari zed,.li and t he d color Jight beam conprises a
third col or unpolarized‘Pﬁﬁﬁ?rmﬁﬁé?%W¥F g%%ﬁ%@“?ﬁ@“?bf%teggﬁﬁnnd and third
col or unpolarized Ighéia tl@@éH]?dSrLéie@ecﬁvQtifchf%ﬁ@ﬂﬁrrd{ﬁg\@éiﬁbmtﬁnﬁrﬁ ath3® A
col or conbi ner conprising the optical elenment of claim37. he col or
conbi ner of claim 38, funmhepmbempfﬂ@ﬂMQihgﬂ@GMmﬂEﬂKnnm@HdHBQHm»source
eniiéing the first color unpolarized light; a second color |ight source

em tting the second col or unpolarized light; a third color |ight source

em tting ashe tTﬂeY@tl’é@e%’méﬂﬁI@ﬁblafﬂl 280whdreitthe Mafdr poRARIf ARtketd@hdolgonpri si ng
the first color unpolarized |ig t he second col or unpol arized |ight, and
the thi r dighdbeym coippises @&l@astﬁpéh@f thg second color light beam.

29.  The optical element of claim 25, wherein the major portion of the second color
15 light beam comprises at least 75% of the second color light beam.
30.  The optical element of claim 25, wherein the second color light beam comprises a

wavelength range of light that is capable of degrading the reflective polarizer.

20 31. The optical element of claim 30, wherein the wavelength range of light comprises

blue light or ultraviolet light.

32. The optical element of claim 30, wherein the wavelength range of light comprises

light having a wavelength range from 100 to 500 nanometers.

25
33.  The optical element of claim 25, further comprising a first and second prism
forming a polarizing beam splitter (PBS), and wherein the reflective polarizer is disposed
on a diagonal of the PBS.

30 34.  The optical element of claim 25, wherein the first color light beam and the second

color light beam each comprise convergent or divergent light rays.
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40. A projection systemconprising the optical elenent of claim39. 41. An
optical elenent, conprising: a first color-selective dichroic filter
havi ng a woreto/ismsat surface, disposed to 30transmt a PCTAIS2@0/06377¢ i ght
beam perpendicular to the first input surface, the first color |ight beam
conprising a first wavel ength range of light that is capable of degrading
the reflective polarizer, and a second wavel ength range of light; a

col or - selPet i viediptiatlglemant of elaing 2 éfosber comprist@& cept the first color |ight
beam at an angl e of I et el r , g I i i zer
di sposed adj acent t%@ﬁggﬁﬁégg%ﬁgé¥ﬁ%€9gl3ﬁ§§?%%§@F?%?&R%6%%%+¥Eﬂ¥ﬁ%ﬁ¥irst
col or-sel ecti ve di chroi ahé tdficetive pdi@izr;antthe col or-sel ective dichroic
mrror is capable of ref]ecting.a nmajor portionof the first el ength
range of light, tr emermi ﬁeﬁédeé%ﬂﬁpﬁg%l '1%%%%@ scopdgo Pf-ﬁ@%ctm%\ﬁé%t h range
of l4ght, and transnittHﬂgmgnégﬁg£g@n@9?5hﬁgmpf the second wavel ength range
of light. 42. The optical elenent of claim4l, wherein the najor portion of
the first wavel ength range of |ight conprises at |east 60% of the first
wavel ength range of. light. 1543. The opti.c el.enent of . claim4l wherein
o ) ortpor tigire ki PLER R ger ChER BoRdeoBr noliet BanERed ar | oast
75% of t hasfpolstzaney ShRNEAHRasPREBIR coptifds- a quartefdavd Rear@RtdligAtd &lament  of
claim4l, further conprising a wavel ength selective absorber capabl e of
absor bi ngppreximitelyt4 tdeangtetio thangst pdlatizaghn s@ted di sposed to intercept

20t m nor portion of the first wavel ength range of light. 45. The
optical elenent of claim44, wherein the wavel ength sel ective absorber is
di sposed 37et WeHR dpficalcMrint setiath By ewlireiirid GrshtdloOliglabdarhkempefdsect i ve
pol ari zer, 2546. The optical elenent of claim44, wherein the wavel ength

sel ect i velailroiBEpolaszef keb<be sgrendeelar light beamspmpaipesct so¢endifei oi ¢ ni rror

and the rﬁ%hﬁﬁ%d’ ﬁglﬂ,()eln‘artilg &hird color light beam comprises a third color unpolarized light,

wherein each of the first, second and third color unpolarized lights comprise a different

15 wavelength range.
38. A color combiner comprising the optical element of claim 37.
39.  The color combiner of claim 38, further comprising;:
20 a first color light source emitting the first color unpolarized light;

a second color light source emitting the second color unpolarized light;
a third color light source emitting the third color unpolarized light; and
a combined light comprising the first color unpolarized light, the second

color unpolarized light, and the third color unpolarized light.

25
40. A projection system comprising the optical element of claim 39.
41. An optical element, comprising:
a first color-selective dichroic filter having a first input surface, disposed to
30 transmit a first color light beam perpendicular to the first input

surface, the first color light beam comprising a first wavelength
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47. The optical elenent of claim4l, wherein the first wavel ength range of
| i ght conprises blue light or ultraviolet light. 30 48. The optical

el ement oVochuiosp43, wherein the first wavel engt h rangePofi/useghweizonpri ses
i ght having a wavel ength range from 100 to 500 nanoneters. WO

2010/ 059453PCT/ US2009/ 063779 49. The optical element of claim4l, further
conprising a first and second prismformng a polarizing beamsplitter

(PBS), and wherein the riangeeitliahtthsbissapabds ofdrgradinsoihe sxflestive peladicthr oi ¢
mrror are di sposed on ngiaasg?&%iwﬂfelekg]ﬁlﬁgﬁsolﬁigi%' A col or conbi ner
0 ) ;

conprising the optical elenen clail proj ection system
conprising the col arcot@ndeigseve dicholaminaQispbS&ito Thtercept the fikst eblemtight of
claim4l, further conprising: a second color-selective dichroic filter
having a second i nput sWPREE2BRRHSEMPRBXIMAE AP fegicsedhd col or |i ght

beans per pendi cul ar {Qathe c$RERRE: difRIEd SYRIAF fhe cb[b‘?—sél%&‘i%ddi&%{%rmir}ofg,ht beam

al so intercepting the color-selective dichroic mrror at an angle o
approxi mat el y 45 15degr epppsiteitbe &ish coloe sdedtor-dsairectiiltes di chroic mrror is

capable of transmttin maj,or por.tion of the second cql or |.ight beam

53" The opti cal ol GHERENGIe Gl IFRa5YE ARBRLS EHeS FRCle Cor v inF g Boam and
Y ’

the second 20col or | i ghtpopgsHBreRCHrsERARIEMLh FABY BF BER! trAsnfitvBaGsinbr | 1 ght

rays. 54. The optical element of claimb52,” further conprising: a first

retarder disposed betweawrti¢reofithe §tst povdenghrangeiof dghli etd winsnfiitinggr and t he

ref i(?Ct ive polarizer; annqajor portion of the second wavelength range of light.

42.  The optical element of claim 41, wherein the major portion of the first wavelength

range of light comprises at least 60% of the first wavelength range of light.

15 43.  The optical element of claim 41, wherein the major portion of the first wavelength

range of light comprises at least 75% of the first wavelength range of light.

44.  The optical element of claim 41, further comprising a wavelength selective
absorber capable of absorbing the first wavelength range of light and disposed to intercept

20 the minor portion of the first wavelength range of light.

45.  The optical element of claim 44, wherein the wavelength selective absorber is

disposed between the color-selective dichroic mirror and the reflective polarizer.

25 46.  The optical element of claim 44, wherein the wavelength selective absorber is

disposed between the color-selective dichroic mirror and the reflective polarizer.

47.  The optical element of claim 41, wherein the first wavelength range of light
comprises blue light or ultraviolet light.

30
48.  The optical element of claim 41, wherein the first wavelength range of light

comprises light having a wavelength range from 100 to 500 nanometers.
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25a second retarder disposed between the second col or-sel ective dichroic
filter and the reflective polarizer. 55. The optical elenent of claim
54, wher ewo 20100594581 ecti ve polarizer is aligned to a fi PST/Uysedoas7at i on
state and each retarder conprises a quarter-wave retarder aligned at an
30approxi mately 45 degree angle to the first polarization state. WO
2010/ 059453PCT/ US2009/ 063779 56. The optical elenent of claim52, wherein
the first color |ight beam conprises a first col or unpolarized |ight and

t he secong col L.ght i . col i l'i ght
i 11 or ontrr ort 1rsp Pl AR R L e R R RREREY RS BAFRE, e
conpri si ngrrhing agldrzalg easngpiitterofPBS) gandh vbldkrein the reflective polarizer and color-

selective dichroic mirror are disposed on a diagonal of the PBS.

5
50. A color combiner comprising the optical element of claim 41.
51. A projection system comprising the color combiner of claim 50.
10 52. The optical element of claim 41, further comprising:

a second color-selective dichroic filter having a second input surface
disposed to transmit a second color light beam perpendicular to the
second input surface, the second color light beam also intercepting
the color-selective dichroic mirror at an angle of approximately 45

15 degrees,

wherein the color-selective dichroic mirror is capable of transmitting a
major portion of the second color light beam.

53.  The optical element of claim 52, wherein the first color light beam and the second
20 color light beam each comprise convergent or divergent light rays.
54.  The optical element of claim 52, further comprising:
a first retarder disposed between the first color-selective dichroic filter and
the reflective polarizer; and
25 a second retarder disposed between the second color-selective dichroic
filter and the reflective polarizer.
55.  The optical element of claim 54, wherein the reflective polarizer is aligned to a
first polarization state and each retarder comprises a quarter-wave retarder aligned at an
30 approximately 45 degree angle to the first polarization state.
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56.  The optical element of claim 52, wherein the first color light beam comprises a
first color unpolarized light and the second color light beam comprises a second color

unpolarized light different from the first color unpolarized light.

57. A color combiner comprising the optical element of claim 54.
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